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6 Foreword 


The 1970 edition of the Minerals Yearbook marks the 89th year in which 
an annual report on the minerals industry has been published by the Federal 
Government. This edition provides a statistical record on global mineral 
industry performance during the year of review, and contains sufficient back- 
ground information to interpret the year’s developments. Although the same 
format has been followed as in previous editions, we direct the reader's 
attention to the change in numbering of the individual volumes. The former 


Volume I-II, Metals, Minerals, and Fuels, has been renumbered Volume I; 


Volume III, Area Reports: Domestic, has been changed to Volume II; and 
Volume IV, Area Reports: International, has been renumbered Volume III. 
The general content of the individual volumes is as follows: 

Volume I, Metals, Minerals, and Fuels, contains chapters on virtually all 
metal, nonmetal, and mineral fuel commodities important to the domestic 
economy. In addition, it includes a general review chapter on these industries, 
a statistical summary, and chapters on employment and injuries and on 
technologic trends. 

Volume II, Area Reports: Domestic, contains chapters covering the mineral 
industry of each of the 50 States, the U.S. island possessions in the Pacific 
Ocean and the Caribbean Sea, the Commonwealth of Puerto Rico, and the 
Canal Zone. This volume also has a statistical summary chapter, identical 
with that in Volume I, and a chapter on employment and injuries. 

Volume III, Area Reports: International, presents the latest available 
mineral statistics for more than 130 foreign countries and discusses the im- 
portance of minerals to the economies of these nations. A separate chapter 
reviews minerals and their relationship to the world economy. 

The continuous effort of the Bureau of Mines to enhance the value of the 
Yearbook for its readers can be aided by comments and suggestions. Toward 
that end, the constructive comments of readers will be welcomed. 


ELBURT F. OSBORN, Director 
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Review of the Mineral Industries 


By Bernadette S. Schumaker * and Jeannette 1. Baker ? 


The year 1970 was highlighted by a con- 
tinuation of rising prices although at a 
slower rate, a slackening in industrial pro- 
duction, and a rapid rise in the level of 
unemployment. Business investment im 
plant and equipment weakened, but a 
strong rise in residential construction sur- 
faced late in the year. Both monetary and 
fiscal policies were applied to stimulate 
noninflationary growth, but with mixed re- 
sults. Although inflation slowed down dur- 
ing 1970, real economic growth was at a 
standstill as the tradeoff between inflation 
and employment resulted in a slowdown in 
the former at the expense of the latter. 
Total gross national product (GNP) for 
the year was $976.5 billion (in current 
dollars), up about 5 percent from the 1969 
figure. However, real GNP (in 1958 con- 
stant dollars) was down from $727 billion 
to $724 billion. Output, as measured by 
the Federal Reserve Board Index of In- 
dustrial Production, was down for the 
year. The mining sector, however, showed 
an increase. Manufacturing, especially du- 
rables, slumped and this fact was reflected 
in a substantial rise in personal savings. 

Prices climbed almost 6 percent, slightly 
less than the 1969 increase. Data for the 
second half of 1970, however, showed 
prices increasing at a slower rate than dur- 
ing the first 6 months. Rising more rapidly 
than average was the price of services. 
Wholesale prices also advanced, but at a 
slower rate than in 1969. Among mineral 
commodities, the price index for coal 
climbed steeply while other minerals in 
general advanced moderately. 

For the first time in 13 years, the Index 
of Industrial Production declined. The 
index for total manufacturing registered a 
4-percent drop, reflecting primarily a 6- 
percent decline in durable manufacturing. 
Primary metals manufacturing declined 
from 114.1 to 106.9 index points, a 6.3-per- 
cent decrease. Both iron and steel and 


nonferrous metals and products trended 
downward following substantial increases 
in 1969. Although the total Federal Re- 
serve Board Index of Industrial Production 
(1967 = 100) declined, the mining sector 
rose from 107.2 to 109.7 index points, a 
2.3-percent advance. The production index 
for utilities also increased during 1970. 

A shift in monetary policy also charac- 
terized 1970. The tight monetary policy of 
1969 which slowed down the economy by 
reducing demand for credit was exchanged 
for an easier policy in 1970. This change 
provided an increased supply of credit and 
resulted in lower interest rates. From Feb- 
ruary to July, the supply of money grew 
at an annual rate of 7.3 percent. For all of 
1970, the average increase was 5.5 percent 
compared with 3.1 percent the previous 
year. The movement of interest rates was 
especially significant during the year. Early 
in 1970, interest rates had reached histori- 
cal highs as a result of heavy credit de- 
mands and a tight monetary policy. How- 
ever, rates on long-term bonds, especially 
high-grade corporate bonds and municipal 
bonds, had begun a significant decline dur- 
ing the first quarter of 1970. During the 
same period, an even sharper reduction 
characterized short-term interest rates, a 
tendency consistent with the historical cycli- 
cal behavior of interest rates. 

Private housing starts were at an annual 
rate of 1.8 million units for the first half 
of the year, but managed to advance to an 
1.8-million annual rate in the fourth quar- 
ter. 

During 1970, total employment increased 
moderately to 78.6 million compared with 
77.9 million in 1969. Unemployment, how- 
ever, rose substantially in 1970 from 3.9 
percent in January to 6.2 percent in De- 


1 Economist, Office of Economic Analysis. 
2 Commodity research specialist, Office of Tech- 
nical Data Services. 
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cember. The lackluster growth of employ- 
ment resulted from a generally depressed 
demand for goods and services complicated 
by a major strike in the automobile indus- 
try. Employment in the goods-producing 
industries was severely affected while the 
service industries fared somewhat better. 
Among the goods-producing industries, de- 
fense and aerospace employment was 
sharply reduced. Unemployment among 
white collar workers rose sharply during 
the year. Mining employment also followed 
the generally declining trend in goods-pro- 
ducing industries. Other economic high- 
lights of the year included a slowdown in 
the growth of federal spending. Much of 
the cutback was in defense-related spend- 
ing. Expenditures by state and local gov- 
ernments rose 9 percent, slightly less than 
last year's growth. 

Significant Congressional activities affect- 
ing the mineral industries included imple- 
mentation of the National Environmental 
Policy Act of 1969. A Council on Environ- 
mental Quality was set up as required by 
the act. The Clean Air Amendments of 
1970 established air quality standards for 
motor vehicle emissions. The law provides 
also for the regulation of fuels when they 


impair the performance of emission-control 
devices. The Mining and Minerals Policy 
Act (Public Law 91-631) became law late 
in the year. An annual report to Congress 
on the state of the mineral industries is 
required by this legislation. 

A substantial decrease in disposal of ma- 
terial from mineral stockpile inventories 
developed in 1970. The total market value 
of inventories showed little change from 
the 1969 level. The Office of Mineral Ex- 
ploration continued its financial assistance 
programs to encourage exploration for new 
domestic sources of essential materials. 

The U.S. trade balance (excluding mili- 
tary grant exports) showed a surplus of 
$2.7 billion in 1970 following 2 years of 
rather small surpluses of $0.8 billion in 
1968 and $1.3 billion in 1969. Among min- 
eral resources exported, coal and steel ex- 
ports showed substantial gains. Total se- 
lected mineral exports increased to $5.9 
billion in 1970 while selected mineral im- 
ports climbed to $8.7 billion. Direct invest- 
ments abroad in all industries in 1969 was 
$70.8 billion. Of this figure, $20 billion 
was accounted for by petroleum invest- 
ments. Investments abroad in mining and 


smelting totaled $5.6 billion for 1969. 


SOURCES AND USES OF MINERALS 


Production.—In 1970, domestic produc- 
tion of primary minerals and mineral 
fuels was valued at $29.8 billion. In 1967 
constant dollars, the value of mineral pro- 
duction was $27.0 billion. The value of 
mineral fuels and metals each increased 
more than 10 percent, while nonmetals ad- 
vanced only slightly. 

Reflecting the nation's general economic 
slowdown, the Bureau of Mines index of 
physical volume of mineral production 
(1967 = 100) showed little change in 
1970; the total index gained less than one 
point for the year. While the overall aver- 
age for metals increased from 127.9 to 
135.8 index points, there was little change 
in the nonmetals and fuels components of 
the index. In 1970 the volume of ferrous 
metals production declined for the first 
time since 1967. Nonferrous metals again 
registered the sharpest advance among 
minerals produced during the year. Among 
nonferrous metals, the production index 
jumped 11.8 percent for base metals, 7.3 
percent for monetary metals, and 7.7 per- 


cent for other nonferrous metals. Little 
change was recorded for nonmetals produc- 
tion. Coal gained over 7 points and 
climbed to 108, while crude oil and natu- 
ral gas production was off slightly for the 
year. 

During 1970, the Federal Reserve Board 
Index of Industrial Production (1967 = 
100) declined from 110.7 to 106.7. How- 
ever, all segments of mining except stone 
and earth minerals advanced. Coal mining, 
for example, climbed to 105.7 index points, 
a 4.5-percent increase. The index for crude 
oil production increased by over 4 percent 
while for natural gas, the gain was 2.6 per- 
cent. Continuing its trend upward, metal 
mining registered a 5.2-percent increase, 
less than half of the 1969 gain. For the 
second consecutive year, stone and earth 
mining declined. 

Industrial production of metals and non- 
metals posted a lackluster performance in 
1970. For the first time since 1967, primary 
metals, iron and steel, nonferrous metals 
and products, and clay, glass, and stone 
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Figure 1.—Index of physical volume of mineral production for selected items 
in the United States. 


products fell by at least 5 percent. The 
Federal Reserve Board monthly indexes of 
mining production (1967 = 100) showed a 
decline in mining activity during the first 
half of 1970 but a substantial increase in 
the last half of the year. Most major com- 
ponents of mining followed this trend with 
two exceptions. Stone and earth minerals 
production declined through the entire 
year of 1970. By contrast, coal mining pro- 
duction climbed sharply early in the year 
followed by a slowdown in midyear and 
additional gains late in 1970. 

Figure 1 indicates the historical trends 
for important mineral commodities. In 
1970, copper production continued to ad. 
vance as output reached 180 index points 
(1967 100) . Iron ore dipped slightly to 


105. Following several years of either de- 
clining or stable production, coal increased 
to 108 index points. 

A total of 59,146 trillion British thermal 
units (Btu) were produced by the fossil 
fuels group compared with 55,947 trillion 
Btu in 1969. Heat value of primary elec- 
tricity produced at hydropower and nu- 
clear powerplants, when added to that of 
fosssil fuels, brought the total to 61,994 
trillion Btu, a 5.6-percent advance. 

Table 6 indicates the upward trend in 
energy production during 1966-70. All 
components of mineral and electrical en- 
ergy recorded increased output during this 
time period except anthracite coal. Anthra- 
cite output in 1970 was only 75 percent of 
the 1966 production level. Production of 
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bituminous coal and lignite reached 15,000 
trillion Btu in 1970. Natural gas and crude 
petroleum production again recorded in- 
creases. A substantial increase in nuclear 
power output, from 146 to 231 trillion 
Btu, was registered during the year. 

The net supply of principal minerals 
had a mixed pattern in 1970. In the met- 
als category, the net supply of iron ore in- 
creased slightly while pig iron and steel 
ingot decreased 4 percent and 8 percent, 
respectively, below 1969. Chromite and 
nickel recorded increases of over 25 per- 
cent and molybdenum increased 17 per- 
cent. While the net supply of aluminum 
declined, copper supplies increased by 3 
percent. Among nonmetals, sulfur supplies 
were stable and phosphate rock and potash 
posted increases. 


Stocks and Government Stockpile.—The 
Bureau of Mines index of stocks of crude 
minerals (1967 = 100) increased substan- 
tially in 1970. Metal stocks, following a 
16-point decline in 1969, climbed 9 index 
points to 113. Increased stocks of iron ore 
and other ferrous metals were recorded, 
while nonferrous metal stocks dipped 
slightly. Nonmetallic stocks were especially 
high at 154 index points. The index of 
stocks at mineral manufacturers, consum- 
ers, and dealers increased 15 points in 1970 
(1967 — 100). Significant increases in all 
classes of metal stocks were registered. 
Nonmetallic stocks also increased during 
the year. 


Producers' stocks of most mineral energy 
resources and related products grew during 
1970. Stocks of bituminous coal were up 15 
percent and anthracite stocks increased 32 
percent. All categories of petroleum and 
related products increased except gasoline, 
special naphthas, petroleum asphalt, and 
residual fuel oil. Significant stock increases 
were recorded for carbon black, liquefied 
gases, and natural gasoline, plant conden- 
sate, and isopentane. Natural gas stocks 
were up 12 percent at yearend. 


The seasonally adjusted book value of 
product inventories for selected mineral 
processing industries registered increases in 
all categories in 1970. For petroleum and 
coal products, the increase was 11.7 per- 
cent, raising the value of inventories to 
$2,539 million. A 6.6-percent increase in 
inventories Was posted by stone, clay, and 
glass products which was about half the 
rate of increase in this category during the 


period 1967-69. Total inventories of stone, 
clay, and glass products reached $2,648 
million in December 1970. The seasonally 
adjusted book value of primary metals in- 
ventories totaled $8,862 million, a 10.1-per- 
cent gain. The primary metals inventories 
were about equally divided between blast 
furnace and steel mills ($4,717 million) 
and other primary metals processing plants 
($4,145 million). For selected mineral 
processing industries, the total seasonally 
adjusted book value of inventories ad- 
vanced 9.7 percent during the year. 


Among the components of the nation's 
minerals supply was the national stockpile 
of strategic materials. In terms of market 
value, aluminum, metallurgical chromite, 
industrial diamond stones, lead, metallurgi- 
cal manganese, tin, tungsten, and zinc were 
all important stockpile commodities during 
1970. 


Exports.—The total value of selected 
minerals and mineral products exported 
advanced 26 percent in 1970, slightly more 
than the 24-percent gain of 1969. Account- 
ing for the increase was a surge in coal ex- 
ports, a substantial gain in iron and steel 
scrap exports, as well as increases in sev- 
eral manufactured metal exports. Coal ex- 
ports were valued at more than 1 billion 
dollars in 1969, a 64-percent gain. Among 
manufactured metals, iron or steel ingots, 
copper and copper alloys, and aluminum 
and aluminum alloys advanced considera- 
bly. Gains were registered in all mineral 
categories, although in varying degrees. 
Crude nonmetallic exports were up 
slightly; chemicals and manufactured non- 
metallics increased moderately. Mineral en- 
ergy resources and related products posted 
the largest percentage increase followed by 
crude and scrap metals and manufactured 
metals. 


Imports.—In 1970, selected mineral im- 
ports advanced 11 percent to $8.7 billion 
as increases were recorded in all major 
mineral categories except crude nonmetal- 
lics. Crude and scrap metals imported 
gained 19 percent led by increased imports 
of iron ore and concentrates, and ores and 
concentrates of nonferrous base metals. Im- 
ports of mineral energy resources climbed 
10 percent led by an 18 percent gain in 
petroleum products imported. Chemical 
imports were up substantially in 1970 for 
an overall increase of 21 percent. In the 
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manufactured metals category imports rose 
to $3.7 billion for the year. 

Consumption.—The consumption pattern 
for major mineral products was generally 
mixed during the year. Iron ore consump- 
tion, after advancing 6.4 percent in 1969, 
dropped 4 percent to 135 million long tons 
in 1970. Raw steel consumption similarly 
trended downward. Overall consumption of 
chromite ores and molybdenum was down, 
while tungsten and manganese ore re- 
corded gains. Among nonferrous metals, 
copper consumption fell by almost 5 per- 
cent compared with a 14-percent increase 
in 1969. Lead and silver consumption de- 
clined; the demand for mercury posted a 
substantial drop of 20 percent during the 
year. 


In the nonmetals category, sulfur con- 
sumption dipped from 9.2 to 9.1 million 
long tons and depressed prices and a glut- 
ted market characterized the sulfur indus- 
try. Both phosphate rock and potash con- 
sumption were up. For all categories of 
mineral energy resources except anthracite, 
demand increased during 1970. Bituminous 
coal consumption edged up slightly as did 
petroleum consumption. A gain of almost 
5 percent was recorded for natural gas. In 
general, consumption of major mineral 
products in 1970 was varied. Fuels were 
mostly up; nonmetals were mixed; and 
metals trended downward. 


In 1970, the demand for electricity 
jumped to 1,638 billion kilowatt-hours, a 
5.5-percent advance. Utilities scored a 6.1- 
percent gain as increases were recorded in 
both nuclear power and conventional fuel- 
burning plants. The demand for hydro- 
power, however, declined from 251 to 249 
bilion kilowatt-hours. A remarkable 57- 
percent gain in nuclear power demand was 
registered during the year. 


An examination of gross consumption of 
energy resources by major sources and con- 
suming sectors revealed moderate increases 
in most categories. The household and 
commercial sector, for example, consumed 
13,988 trillion Btu's of energy in 1970, up 


2.8 percent. Natural gas continued to be 


the leading supplier to this sector followed 
by petroleum. Coal furnished only a very 
small part of energy consumed by the 
household and commercial sector. 

Industrial consumption of energy re- 
sources was up less than 2 percent in 1970. 
Natural gas supplied over half of this sec- 


tors gross energy inputs. Petroleum, fol- 
lowed closely by bituminous coal and 
lignite, accounted for almost all of the re- 
maining energy input. 

In 1970, the transportation sector ac- 
counted for 16,468 trillion Btu's of gross 
energy consumption. Over 95 percent of 
this figure was supplied by petroleum. 
Natural gas and bituminous coal and lig- 
nite contributed much smaller amounts of 
energy demands. 

The electric utility sector increased its 
consumption of energy resources by 8 per- 
cent in 1970. Bituminous coal and natural 
gas were the leaders in supplying energy 
to this sector. Total gross energy inputs 
for the year showed a 3.8 percent advance 
to 67,431 trillion Btu's, somewhat smaller 
than the 5.2 percent increase in 1969. Pe- 
troleum continued to be the overall lead- 
ing energy source followed by natural gas 
and bituminous coal. 

In 1970, the domestic supply of anthra- 
cite coal declined but bituminous coal ad- 
vanced. Exports of the former fell to 1,467 
thousand short tons while bituminous coal 
trade increased from 56 to 71 million short 
tons, a substantial gain of 26 percent. Im- 
ports of bituminous coal, at 36,000 short 
tons were quite low for the year. The total 
domestic supply of bituminous coal 
reached 517.5 million short tons; the sup- 
ply of anthracite continued its downward 
trend and stood at 8.2 million short tons 
for the year. 

The petroleum supply picture included 
an increase in crude oil production to 
3,517 million barrels compared with 3,372 
million barrels in 1969. Exports were up 
significantly from 1 to 5 million barrels, 
but imports decreased from 514 to 483 
million barrels. The total crude oil supply 
climbed to 3,968 million barrels. 


Production of domestic natural gas in- 
creased to 21,921 billion cubic feet, up al- 
most 6 percent. Exports amounted to 70 
million cubic feet and the much larger 
category of imports grew almost 13 per- 
cent, to 821 million cubic feet. Total sup- 
ply of natural gas reached 21,367 billion 
cubic feet for the year. 


Consumption of fuels in 1970 was, of 
course, influenced by the growing national 
concern for our environment. Low-sulfur 
fuels were in great demand during the 
year, and this trend is expected to con- 
tinue well into the future. 
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EMPLOYMENT AND PRODUCTIVITY 


Employment.—Employment in selected 
minerals mining and manufacturing sectors 
trended downward in 1970. As a result of 
a strong world demand for energy, bitumi- 
nous coal employment posted the largest 
gain among selected mineral industries. 
Total mining employment, while declining 
only 1 percent to 622,000, was at its lowest 
level since 1967. In addition, nonmetal 
mining and quarrying declined to its low- 
est level in over 10 years. In the metals 
sector, iron ore mining gained 3.1 percent 
while copper mining declined slightly. 
Overall, total metal mining employment 
rose 2.8 percent to 94,800. Among fuels, all 
selected mineral fuel industries declined 
except bituminous coal employment, which 
advanced almost Y percent for the year. 
Employment in oilfield and gasfield serv- 
ices fell by nearly 10 percent and a 1.8- 
percent decline was posted in crude petro- 
leum and natural gasfields employment. 


In 1970, minerals manufacturing employ- 
ment slackened to 902,400. Although fuels 
advanced for the year, the much larger 
selected metals and nonmetals categories 
trended downward. 


Hours and Earnings.—For the total min- 
ing sector, hourly earnings advanced 6.7 
percent, to $3.66 compared with a 7.9-per- 
cent increase in 1969. Weekly earnings also 
increased at a decreasing rate, while 
weekly hours worked rose slightly from 
44.7 to 44.8. In the metal mining group, 
average hourly earnings climbed to $3.88; 
hourly earnings for both copper and iron 
ore mining were slightly above the average 
metal mining level. Average weekly hours 
for metal mining declined from 43.3 to 42.7 
hours; average weekly hours for iron ore 
advanced to 41.9 while for copper ore the 
comparable figure was a decline to 44.7. 
The mineral fuels industries recorded 
hourly earnings of $3.97, a 7.3-percent in- 
crease. Once again the highest average 
hourly and weekly earnings were posted by 
bituminous coal mining. Average hourly 
and weekly earnings for crude petroleum 
and natural gas were up while average 
weekly hours fell slightly. 


Average hourly earnings for manufactur- 
ing industries rose by only 4.3 percent in 
1970, but most mineral manufacturing in- 
dustries exceeded this average rate. For the 
cement industry, hourly earnings gained 


over 13 percent. Hourly earnings in the 
fertilizer industry, which are historically 
low compared with other mineral commod- 
ities, increased 7 percent to $2.91 an hour. 
A slight downward shift in weekly hours 
characterized the fertilizer industry in 
1970. Accompanied by a moderate 3.2-per- 
cent increase in average hourly earnings 
and a decrease in weekly hours, weekly 
earnings for blast furnaces, steel and roll- 
ing mills fell slightly. While hourly earn- 
ings advanced 5.6 percent for nonferrous 
smelting and refining, a decrease in weekly 
hours slackened the growth of weekly earn- 
ings to 3.8 percent. Hourly and weekly 
earnings for petroleum and related indus- 
tries climbed more than 6 percent, to $4.27 
and $182.33, respectively. Little change in 
working hours was posted for this group. 


Labor Turnover Rates.—The accession 
rate (hires and rehires) for selected min- 
eral industries declined in most categories 
during 1970. While there was no change in 
the metal mining accession rate, the rate 
for iron ore fell and the rate for copper 
advanced. Hires and rehires per thousand 
employees declined for nonferrous smelting 
and refining, blast furnaces, steel and roll- 
ing mills, hydraulic cement, and total 
manufacturing. Accession rates for the fuel 
industries were mixed, with petroleum re- 
fining and petroleum refining and related 
industries posting declines and coal mining 
advancing slightly. Most selected mineral 
industries experienced increased separation 
rates in 1970. The exceptions were manu- 
facturing, nonferrous smelting and refining, 
petroleum refining and related industries, 
and coal mining. The manufacturing layoff 
rate for 1970 advanced from 12 to 18 per 
thousand employees. Excluding coal and 
copper mining, the rate climbed for all 
other selected mineral industries. 


Wages and Salaries.—An upward trend 
continued for wages and salaries in all in- 
dustries during 1970. Although failing to 
match the nearly 10-percent gain of 1969, 
wages and salaries in 1970 climbed 6.2 per- 
cent to $541.4 billion. In the mining sec- 
tor, wages and salaries again increased 
faster than in the manufacturing indus- 
tries. Total mining wages and salaries ad- 
vanced 8.1 percent to $5.8 billion. A very 
slight increase in manufacturing was 
posted as wages and salaries rose less than 
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1 percent to $158.3 billion. Average earn- 
ings per full-time employee advanced mod- 
erately during the year. For all industries, 
the average increase was 6.6 percent or 
equal to the 1969 advance. Average earn- 
ings in mining climbed 7.5 percent, down 
slightly from an 8.2-percent increase in 
1969. Average earnings per full-time em- 
ployee in mining reached $9,262 while for 
manufacturing, average earnings were 
$8,150. 

Productivity.— The most recent data on 
labor productivity in the mineral indus- 
tries generally showed gains in output per 
employee, output per production worker, 
and output per production worker man- 
hour. Among the selected mineral indus- 
tries, moderate increases were posted for 


copper, iron, and petroleum, while bitumi- 
nous coal and lignite registered only a 
slight gain in productivity. Copper ore 
mined per production worker man-hour 
increased 6 percent during 1969, to 144 
index points (1957-59 = 100); recoverable 
metal mined per production worker man- 
hour advanced 3.7 percent to 117.8, the 
largest percentage advance in the last 5 
years. Productivity increases in both crude 
and usable iron ore were below the 1968 
advance. Petroleum refined per production 
worker man-hour increased 11.1 percent to 
216 in 1969, a gain from the 1968 increase. 
Productivity indexes for bituminous coal 
and lignite showed only a slight gain of 
less than one index point. 


PRICES AND COSTS 


Index of Average Unit Mine Value.— 
The index of average unit mine value 
(1967 = 100) increased at a decreasing 
rate in 1970. The total index climbed to 
109.3. Posting the largest gain was the 
metals group followed by fuels and non- 
metallics. A moderate 5.3-point advance in 
ferrous metals was recorded for the year in 
contrast to a 21.7-point gain in nonferrous 
base metals. For the second consecutive 
year, the average unit mine value of mone- 
tary metals fell. Other nonferrous metals 
advanced substantially from 95.4 to 129.2 
index points. All nonmetallic groups de- 
clined with the exception of construction 
nonmetallics. The average unit mine value 
of coal rose spectacularly from 108 to 134.2 
index points. Crude oil and natural gas 
declined slightly. 

Index of Impiicit Unit Value.—In 1970 
the index of implicit unit value (1967 = 
100) increased 4.3 percent to 110.5, about 
the same percentage increase as in 1969. 
The index for ferrous metals was up mod- 
erately, while for nonferrous base and 
other metals, the index climbed sharply. 
Monetary metals were down 8.5 points for 
1970. Nonmetals showed little change in 
advancing from 102.3 to 103.0. In the fuels 
category, crude oil and natural gas de- 
clined slightly but coal advanced. Overall, 
the fuel sector increased from 106 to 109.8 
index points. 

Prices.—During 1970, the increase in the 
wholesale price index for most metal com- 
modities ranged from a 2-percent rise in 


iron ore to a 25-percent climb in the 
index for iron and steel scrap. Most in- 
creases in metals were, however, between 5 
and 8 percent. Among selected metals, only 
one decline was posted—a 2-percent re- 
duction in the price index for nonferrous 
scrap. The overall average increase in the 
metal index was 7.6 percent compared 
with a 5.8-percent gain in 1969. The price 
indexes of most nonmetallics advanced 
during the year. While building materials 
generally posted gains, fertilizers were 
lower following substantial declines in 
1969. Overall, nonmetallic mineral prod- 
ucts advanced 5.2 percent. The price index 
for fuels and related products and power 
increased by 5 percent in 1970. A steep 
rise in both anthracite (12.2 percent) and 
bituminous (34.9 percent) coal was posted. 
The price index for coke climbed 17 per- 
cent to 127.4 in 1970. Crude petroleum 
and petroleum products were up only 
slightly. All commodities posted a moder- 
ate 3.7-percent gain for the year. 

Unit prices for mineral energy resource 
commodities were up during 1970. A 14- 
percent increase was posted in the price of 
bituminous coal while the average price of 
anthracite was up almost 14 percent. Prices 
of petroleum and petroleum products also 
increased. Crude petroleum, for example, 
climbed to $3.18 a barrel, a 2.9-percent gain. 
Gasoline prices advanced 3.3 percent. The 
price of residual fuel oil climbed sharply 
while distillate fuel oil posted more moder- 
ate gains. The average price of natural gas 
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at the wellhead increased to 17.1 cents per 
thousand cubic feet. 

During 1969 (latest data available), the 
average cost of electrical energy for the 
United States remained at 1.5 cents per-kil- 
owatt hour. Both the residential market at 
2.1 cents and the commercial and in- 
dustrial markets at 1.3 cents per kilowatt- 
hour posted no change from 1968 in the 
average cost of electrical energy. Most 
areas reported no change in the total cost 
of electrical energy with the exception of a 
slight decline in the Middle Atlantic re- 
gion and a slight rise in the East South- 
Central region. Alaska and Hawaii re- 
mained the highest cost areas for electrical 
energy while the East South-Central 
region remained the lowest cost area. 

Index of Principal Metal Mining Expen- 
ses.—Principal metal mining expenses 
trended upward during 1970. Overall, the 
index climbed 5 points compared with a 
4-point advance in 1969. The labor compo- 
nent of the index increased 6 points, about 
twice the 1969 gain. The 4-percent increase 
in the price index for supplies was also 
above the 1969 advance. Fuels were up al- 
most 5 percent compared with a 3-percent 


INCOME AND 


National Income Generated.—While na- 
tional income originating from all indus- 
tries advanced only 42 percent in 1970, a 
gain of 9.8 percent was recorded in na- 
tional income originating in mining. In- 
come generated by both metal mining and 
coal mining showed substantial gains of 
14.4 and 28.5 percent, respectively. Crude 
petroleum and natural gas, which account 
for a large part of mining income, gained 
only 3.1 percent and reached $3.1 billion. 
National income originating from nonme- 
tallics mining and quarrying was up less 
than 1 percent to $1.3 billion. The manu- 
facturing sector registered a disappointing 
1.9-percent decline to $218 billion. Petro- 
leum refining and related industries, stone, 
clay, and glass products, and primary 
metal industries all recorded slight declines 
in national income while chemicals and al- 
lied products edged up 0.6 percent to $16.1 
billion. Total national income for all in- 
dustries reached $796 billion in 1970. 

Profits and Dividends.—In 1970, the av- 
erage annual profit rate on shareholders' 
equity for manufacturing was at its lowest 


increase during the previous year. Of the 
principal metal mining expenses, the index 
for electrical energy again increased at the 
slowest rate (2.9 percent). 

Costs.—A general price rise characterized 
the indexes of relative labor costs and pro- 
ductivity for selected minerals. The index 
of labor costs per unit of output for iron 
ore recorded a 7-point increase, while for 
copper, the comparable gain was 5 index 
points. Although the index of value of 
product per man-period was up only 1 
index point for iron ore, the index for 
copper climbed sharply. A decline was re- 
corded for the third consecutive year in 
the index of labor costs per dollar of 
product for copper. However, the index 
for iron ore advanced 5 index points. 

The price indexes for mining construc- 
tion and material handling machinery and 
equipment increased moderately. The 
smallest increase recorded was a 2.1-percent 
gain in the index for portable air compres- 
sors. Except for a 4.6-percent advance in 
the price of scrapers and graders and a 
6.5-percent increase in special construction 
machinery, 1970 increases did not exceed 
5.1 percent. 


INVESTMENT 


level since 1960. The profit rate of 9.3 per- 
cent was also a 2.2-percent decline from 
1969. All selected mineral manufacturing 
corporations posted declines, although of 
varying degrees. Petroleum refining and re- 
lated industries, for example, experienced 
only a slight decline of 0.7 percent while 
primary iron and steel fell 3.3 percent. 
Stone, clay, and glass products also de- 
clined slightly from a 9.2- to a 6.9-percent 
profit rate. Chemicals and allied products 
continued to have the highest annual 
profit rate among selected mineral indus- 
tries despite a 1.3-percent decline for the 
year. Total dividends for all manufactur- 
ing amounted to $15.1 billion, a slight in- 
crease over 1969. Petroleum refining and 
related industries was the leader in total 
dividends among selected mineral indus- 
tries with a 3.1-percent advance to $3.2 bil- 
lion. Most other selected mineral industries 
showed slight increases in dividends, with 
the exception of primary iron and steel, 
and stone, clay, and glass products, which 
declined about 3 percent each. 
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The total mumber of industrial and 
commercial failures in 1970 increased to al- 
most 11,000, and current liabilities rose to 
$1.9 billion. In the mining sector 54 fail- 
ures were reported with current liabilities 
of $59 million compared with 34 failures 
in 1969 and $15 million in current liabili- 
ties. Manufacturing failures and liabilities 
were also up considerably in 1970. 


New Plant and Equipment.—In 1970, 
new plant and equipment expenditures by 
mining firms increased by only $30 million 
to $1.89 billion compared with a $230-mil- 
lion increase in 1969. The manufacturing 
industries also experienced only a slight 
gain in new plant and equipment expendi- 
tures, increasing from $31.68 billion in 
1969 to $31.95 billion in 1970. Among se- 
lected mineral manufacturing industries in 
1970, increases in expenditures were regis- 
tered by primary nonferrous metals and 
chemicals and allied products. On the 
other hand, primary iron and steel, stone, 
clay, and glass products and petroleum 
and coal products all posted declines in 
new plant and equipment expenditures. 


Plant and equipment expenditures of 
foreign affiliates of U.S. companies in min- 
ing and smelting gained $220 million or 19 
percent during 1970. Mining and smelting 
expenditures declined for Latin America 
and remained the same for Europe. An 
$89 million gain for Canada and a $138 
million advance in other areas were also 
posted. Total petroleum expenditures 
reached $3,994 million, and all reporting 
areas showed gains. Manufacturing expend- 
itures rose to $7,042 million, a 42-percent 
gain for the year. Europe and Canada ac- 
counted for 73 percent of total manufac- 
turing plant and equipment expenditures. 


Issues of Mining Securities.—In 1970, es- 
timated gross proceeds of new securities 
offered by the extractive industries totaled 
$2,082 million, compared with $1,721 mil- 
lion in 1969. Common stock accounted for 
85 percent of the proceeds in extractive in- 
dustry offerings, while bonds contributed 
about 14 percent and preferred stock com- 
prised less than 1 percent. 


Sources and Uses of Fund.—Funds from 
all sources for direct foreign investment by 
mining and smelting industries increased 
by $0.5 billion to $1.9 billion in 1968 (lat- 
est data available). Once again, Canada 
and Latin America were the leaders in 
generating funds. Both areas relied chiefly 


on net income originating from the indus- 
tries, although funds from the United 
States and abroad rose substantially. 


In 1968 (latest data available), funds 
used for direct foreign investment by U.S. 
mining and smelting industries for prop- 
erty, plant, and equipment climbed to 
$911 million, a 27-percent advance. In gen- 
eral total funds were expended as follows: 
plant, property and equipment, 47 percent; 
income paid out, 30 percent; other assets 
18 percent; inventories and receivables, 
about 2 percent each. 


Foreign Investment.—The value of U.S. 
direct investments abroad for all industries 
amounted to $70.8 billion in 1969. Twen- 
ty-eight percent of this figure, or $20.0 bil- 
lion was attributed to investments in pe- 
troleum affiliates. Because of smaller 
capital outflows and negative reinvested 
earnings of $59 million, the increase in pe- 
troleum investment was significantly 
smaller than the 1968 increase. Forty-eight 
percent or $525 million of last year's $1.1 
billion advance in the book value of for- 
eign petroleum investments was accounted 
for by the developed countries. The less 
developed countries rose by $334 million. 
In 1969, the book value of Canadian petro- 
leum affiliates gained $0.3 billion, close to 
the 1968 advance. For Europe, the value of 
petroleum investments increased by less 
than $0.2 billion. Investments in the less 
developed countries increased but at a 
slower rate in 1969. Both Latin America 
and Africa experienced a small gain in 
book value of petroleum investments while 
Middle East investments fell slightly. 


During 1969, U.S. direct investments in 
foreign mining increased by over $0.3 bil- 
lion, significantly less than the 1968 in- 
crease. Contributing to the lackluster gain 
in investment was the completion of some 
major investment projects in Australia and 
the involuntary sale of controlling owner- 
ship in two Chilean mining ventures. 
While reinvested earnings showed little 
movement, capital outflows declined from 
$0.4 billion to less than $0.1 billion. Of 
the total book value at yearend of $5.6 bil- 
lion in total direct private investment in 
foreign mining and smelting industries, the 
developed countries accounted for $3.3 bil- 
lion and the less developed countries ac- 
counted for $2.3 billion. 


Foreign direct investments in the U.S. 
totaled $11.8 billion in 1969. The book 
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value at yearend of foreign petroleum in- 
vestments totaled $2.5 billion, a 10-percent 
gain or about 50 percent of the 1968 ad- 
vance. In 1968 a foreign international pe- 
troleum company purchased more than 
$200 million of stock in its U.S. subsidiary, 
and new petroleum investment rose consid- 
erably. In 1969, there was no similar trans- 


action. Of the total foreign petroleum in- 
vestment in the U.S. of $2.5 billion, 
Europe accounted for $2.3 billion or 92 
percent. By far the largest foreign investors 
in the U.S. petroleum incustry were the 
Netherlands ($1.3 billion) and the United 
Kingdom ($0.8 billion) . 


TRANSPORTATION 


The quantity of selected minerals and 
mineral energy products transported by 
rail and water gained moderately in 1969 
(latest data available). For total mineral 
products, rail transportation advanced 3.3 
percent and water transportation increased 
by 5.1 percent. Once again, the majority of 
selected metals and nonmetals was trans- 
ported by rail, while selected mineral en- 
ergy resources and related products were 
generally transported by water. Total se- 
lected minerals and mineral energy prod- 
ucts accounted for 59 percent of all com- 
modities transported by rail and 84 
percent of all commodities transported by 
water. 

In the metals and minerals except fuels 
category, rail transportation increased by 
42 percent, to 449.6 million short tons. 
The quantity transported by water gained 
10.2 percent, to 247.4 million short tons. 
Iron ore and concentrates, crushed and 
broken stone, and sand and gravel contin- 
ued to be the largest users of rail trans- 
port in volume terms. Rail transport for 
most minerals climbed moderately in 1969 
except for a 29-percent advance in other 
nonferrous ores and concentrates, a 15-per- 
cent increase in the amount of lime trans- 
ported, and a 15-percent decline in the 
quantity of gypsum and plaster rock trans- 
ported. 

Significant changes in commodities other 
than mineral energy resources transported 
by water included a 211-percent increase 
in the amount of other nonferrous metals 
and alloys transported, and a 42-percent 
increase in the amount of lime trans- 
ported. Both of these commodities, how- 
ever, form a very small percentage of total 
quantity of selected minerals transported 


by water. Among nonmetals transported by 
water, most showed gains for 1969 exclud- 
ing liquid sulfur, clays, ceramic and refrac- 
tory materials, limestone flux, and calcar- 
eous stone. 

In 1969, 418 million short tons of 
mineral energy resources and related prod- 
ucts were transported by rail and 533 mil- 
lion short tons were moved by water. Ship- 
ments of bituminous coal and lignite 
accounted for 90 percent of selected min- 
eral energy resources and related products 
transported by rail. The amount of coke 
transported by rail climbed significantly 
from 262,000 short tons in 1968 to 1.8 mil- 
lion short tons in 1969. 

Coal and crude petroleum continued to 
be the largest mineral energy resources 
transported by water. Large amounts of 
gasoline, distillate fuel oil, and residual 
fuel oil were also moved by water in 1969. 
The total volume of selected mineral en- 
ergy resources and related products trans- 
ported by water was 927.4 million short 
tons, a 4.4-percent gain for the year. 

A total of 892,000 miles of gas pipeline 
was recorded for 1969 (latest data avail- 
able), a 3-percent advance. Once again, 
natural gaslines accounted for the over- 
whelming majority of total pipeline mile- 
age with small amounts distributed among 
manufactured, mixed, and liquefied petro- 
leum gas. Total petroleum pipeline 
mileage in 1968 (latest data available) 
dipped to 209,000 miles, the first reduction 
in the last four decades. Of the total pe- 
troleum pipeline mileage reported, 35 per- 
cent was in crude gathering systems in 
field operations, 34 percent in larger size 
crude trunklines and 31 percent in petro- 
leum product pipelines that extend from 
refineries to distribution terminals. 
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RESEARCH 


National expenditures for research and 
development activities for all industries in 
1968 (latest data available) totaled $17.4 
billion. Of this amount, $8.9 billion origi- 
nated from company expenditures and $8.6 
billion from government funding. Research 
and development expenditures in petro- 
leum refining and extraction totaled $538 
million, an 18-percent increase from 1967. 
Over 86 percent of petroleum research and 
development activities was financed by pri- 
vate expenditures while government funds 
supplied the remaining 14 percent. In the 
chemical and allied products industries, a 
total of $1.6 billion was channeled to re- 
search and development activities, a mod- 
erate 4.5-percent gain for the year. Com- 
pany expenditures in this field were $1.4 
billion and government expenditures were 
about $0.2 billion. 


Bureau of Mines.—During 1970, the pro- 
grams of the Bureau of Mines emphasized 
the effective utilization of our natural min- 
erals and fuel resources. Insuring adequate 
mineral supplies without objectionable en- 
vironmental, social, and occupational ef- 
fects, continued to be the mission of the 
Bureau. Coal research projects were di- 
rected mainly to advancing coal technology 
to meet energy requirements and solve re- 
lated environmental problems. Oil shale 
projects emphasized the development of 
scientific and engineering information nec- 
essary to utilize this resource. Among the 
mining research projects emphasized dur- 
ing the year was the use of infrared tech- 
niques for detecting hazardous mine condi- 
tions. Solid waste research was again 
stressed by the Bureau; and in the area of 
health and safety research, the emphasis 
was placed on developing technology to 
minimize mining hazards. Petroleum re- 
search included continuation of Project 
Rulison, experiments using natural gas or 
propane to control engine emissions, and a 
preliminary analysis of the cost of subsur- 
face waste disposal compared with the cost 
of surface treatment. Economic studies con- 
tinued to focus on the mineral industries, 
environmental problems, and supply and 
demand studies. 

During fiscal year 1970, Bureau of Mines 
funding obligations for mining and min- 
eral research and development reached 
$58.0 million, a 25-percent gain from the 


ACTIVITIES 


previous year. Funds allocated to applied 
research increased to $31.6 million or 54 
percent of the total. Funds for basic re- 
search rose to $6.5 million or 11 percent of 
the total, and allocations for development 
advanced to $20 million or 34 percent of 
the total. Funds for development have in- 
creased almost fourfold between 1969 and 
1971. Total research funds of $38.1 million 
were obligated by the Bureau and were di- 
vided as follows: Engineering science, $27.4 
million; physical sciences, $7.4 million; 
mathematical sciences, $0.8 million; and 
environmental sciences, $2.5 million. 
Among the sciences, funds for environmen- 
tal sciences showed the largest percentage 
gain for the year. 


Highlights of the accomplishments of 
Bureau research programs, including work 
in progress, are described in the following 
paragraphs. 

Mining Research.—Infrared techniques 
were tested for the detection of hazardous 
conditions in and around underground 
mines. Results indicated that temperature 
differences of from 0.2 to 0.5° C exist be- 
tween loose and solid rock in most mines 
and that these differences can be used to 
detect loose, hazardous rock. Laboratory 
studies of rock fabric at the microscale 
suggested it may be a useful tool for pre- 
dicting the most probable directions of 
fracture. Laboratory measurements sug- 
gested that orientation of microfractures in 
granite coincides with known rift and 
grain fracture orientations in the quarry. 
It is hoped that this technique can be uti- 
lized in virgin rock to predict directions of 
easy fracture and that economical mining 
methods may take advantage of these natu- 
ral fracture tendencies. 


Study of a new concept for secondary 
breakage of rock by thermal energy dem- 
onstrated the feasibility of using thermal 
shock from rapid heating and cooling to 
fragment hard rocks. The technique should 
be applicable to both spallable and non- 
spallable rocks. Studies were completed on 
the cuttability of geologic materials by 
high-pressure water jet action. These stud- 
ies yielded basic information on the rela- 
tionship of cutting rates and energy re- 
quirements to jet parameters and physical 
properties of the material. This informa- 
tion should enable industry and hydraulic 


192 MINERALS YEARBOOK, 1970 


research institutions to formulate programs 
for the extraction of material by high-pres- 
sure water jets. 


Efforts to improve ground support in 
coal mines through chemical stabilization 
were continued in three categories: coat- 
ings, impregnation (filling fractures, joints, 
and pores), and pumpable rock bolts. Of 
the many polymeric materials tested as 
coatings for shale to prevent deterioration 
by moisture exchange with the mine at- 
mosphere, epoxy resins showed the greatest 
promise at a reasonable cost. To achieve 
greater penetration of rock, novel impreg- 
nation methods such as prefracturing and 
 gang-drilling were studied. Pumpable rock 
bolts, using quick-set polymers, bonded 
strongly to shale and provided good struc- 
tural support. They should compete favor- 
ably on an economic basis. Anchorage 
from these bolts in areas stabilized by frac- 
ture impregnation and/or seal coatings may 
ultimately furnish a total ground-support 
system for coal mines. Also under intensive 
study were the problems of methane ori- 
gin, release, and control. Gas pressure gra- 
dients and rates of emission were meas- 
ured, the effects of geologic structures and 
discontinuities were investigated, methods 
of draining methane from gob and work- 
ing areas were tested, and improved meth- 
ane detection and recording equipment 
was developed. 


A method for measuring and analyzing 
the initial deformation that occurs in the 
mine opening as it is created has recently 
been developed and tested. The instrumen- 
tation developed proved to have the sensi- 
tivity and resolution necessary to measure 
rock deformation around a full-scale raise 
bore during excavation. Tests showed the 
relationship of rock deformation to the 
progress of the raise boring and to time. A 
new technique for filling inundated mine 
voids to provide surface support was suc- 
cessfully demonstrated at Rock Springs, 
Wyo. A total of 19,500 cubic yards of 
sand was transferred from the surface to 
the mine voids through a single injection 
borehole system and concentrated in a 
mined area of about 2.6 acres. The success 
achieved provides a strong basis for assum- 
ing the process would be equally effective 
in filling both dry and water-filled voids, 
not only with sand, but also with waste 
material such as crushed mine refuse. An 
experiment to verify this assumption is 


being planned for the anthracite region of 
Pennsylvania. 

Metallurgy Research—Two processes 
were developed for recovering the fluorine 
in the waste fluosilicic acid solution gener- 
ated by phosphatic fertilizer manufacture. 
Besides overcoming a pollution problem, a 
material in short supply is reclaimed by 
these techniques. One process involved con- 
verting fluosilicic acid to acid-grade cal- 
cium fluoride (CaF2) by treating it first 
with ammonia to remove silica and then 
with calcium hydroxide to precipitate the 
fluoride. More than 95 percent of the fluor- 
ine in the fluosilicic acid was recovered as 
CaF. A second process involved reacting 
fluosilicic acid with calcium hydroxide and 
silica, then volatilizing hydrofluoric acid 
(HF). After precipitation and heat treat- 
ments, 80 percent of the fluorine in the 
feed reported as anhydrous HF. 


A technique was developed to treat the 
low-grade, high-clay potash ores of New 
Mexico’s Permian Basin, a large reserve 
not recoverable by present commercial 
methods. The essential feature of the 
bench-scale procedure was the development 
of a scrubbing-desliming step to remove 
the clay completely without degrading the 
salt particles, Concentrate grades achieved 
were a marketable 58 to 61 percent K20 at 
71- to 84-percent recovery. Research in sep- 
arating natural potash salts from clay with 
heavy liquids has been concluded. Concen- 
trate grades were comparable to those ob- 
tained with a flotation procedure; recover- 
ies ranged from 68 to 78 percent. 


Grindability test data for a Minnesota 
nonmagnetic taconite, reduction-roasted 
and water-quenched, showed optimum size 
reduction and work index when roasted at 
650° C. Subsequent tests indicated that the 
optimum conditions for concentration coin- 
cided with those for grinding. A 12-minute 
rod-mill grind was sufficient for subsequent 
production of a concentrate containing 67 
percent iron and 4.9 percent silica at 95- 
percent iron recovery. Promising Bureau 
research showed that iron may be reduced 
from ilmenite in the electric arc furnace. 
A titanium-enriched slag resulted, to which 
phosphorus pentoxide was added to com- 
plex the oxide impurities into a slag ma- 
trix. The temperature was increased to the 
1,350° C range to promote crystal growth 
of rutile. The slag was cooled and commi- 
nuted, and the rutile crystals, 96 to 99 per- 
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cent TiO» and up to 160 microns in size, 
were recovered by mineral dressing meth- 
ods. Recovery of titania exceeded 90 per- 
cent. 

A simple countercurrent ion exchange 
system for recovering uranium was demon- 
strated in the laboratory and tested in the 
field at several uranium mines and mills. 
The process involves recovering uranium 
from natural mine waters and from clear 
solutions or slime pulps resulting from 
leaching uranium ores with sulfuric acid 
or sodium carbonate solutions. Results of 
these tests and concurrent engineering 
evaluations showed that use of these ion 
exchange contactors would reduce by 70 
percent the capital cost for recovering ura- 
nium from mine waters compared with 
present ion exchange practice. It is esti- 
mated that use of these contactors in a 
resin-in-pulp-type flow sheet would reduce 
the capital and operating costs for a 2,000- 
ton-per day uranium mill by at least 30 
percent. 

Solid Waste Research.—Air classification 
techniques have been used successfully to 
separate components of automobile scrap. 
Two pilot-scale air elutriating devices have 
been designed and constructed for separat- 
ing the nonferrous metallics from the non- 
metallic material present in the nonmag- 
netic reject scrap from automobile 
shredders. Both units allowed upgrading 
the reject from a range of 35-40-percent 
metal to about 74-percent metal content, 
with recoveries of 90 to 96 percent of the 
metal. Final upgrading of the material of 
74-percent grade to 99-percent metal was 
readily obtained in a specially designed 
water column. 

The Bureau’s smokeless automobile in- 
cinerator has been operating on a produc- 
tion-line basis for more than 1 year. Ex- 
cept for normal maintenance, the 
operation has been trouble free, Capacity 
was increased from a range of 48-52 to 
88-96 car bodies per 8-hour work shift by 
burning bodies crushed to slabs of 10- to 
14-inch thickness. This reduced burning 
costs to less than $2.00 per car and will 
lower transportation costs, presently the 
single largest deterrent to recycling obso- 
lete automobiles. 


A new use for waste silicofluorides, a by- 
product of superphosphate fertilizer man- 
ufacture, was in the manufacture of 
portland cement. Very minor amounts of 


silicofluorides, when added to the clay- 
limestone mixes from which portland ce- 
ment is made, reduced temperatures now 
required in manufacture by several 
hundred degrees centigrade, thus lowering 
fuel costs. 


Simple procedures have been developed 
for reclaiming tungsten carbide and cobalt 
from drilling bits: the methods are already 
being used commercially. Other studies 
have shown that variations in density of 
major polymer species can be the basis for 
separating and recycling waste plastics 
found in urban and municipal refuse. 

Coal Research. The Bureau's coal gasi- 
fication process, designated the SN- 
THANE” process, was further developed 
and tested in a pilot plant during 1970. 
The economic and operational feasibility 
of the gasification process to convert coal 
to pipeline-quality gas was judged attrac- 
tive by an outside engineering firm. Design 
of a prototype plant is underway. Pilot 
plant tests demonstrated that strongly cak- 
ing coal can be gasified in a fixed-bed unit 
if mechanical stirring is employed to break 
up agglomeration in the fuel bed. The 
tendency of coals to agglomerate when 
heated has hampered the gasification of 
coals from the Eastern United States, po- 
tentiaHy a large market for synthetic gas. 
Although the Bureau's fixed-bed operation 
required screened coal, it is attractive 
for larger-scale application, offering high 
throughput and an economical operation. 

The Bureau demonstrated that slurries 
of coal in high-temperature tar can be hy- 
drogenated to an oil over fixed-beds of 
pelleted cobalt molybdate catalyst. Hydro- 
genation of a 30-weight-percent coal slurry 
at 425° C and 4,000 psi resulted in 91 per- 
cent of the moisture and ash-free coal 
being converted to liquids and gases, with 
the yield of liquid products amounting to 
96 percent of the paste feed. Sulfur con- 
tent of the oil was as low as 0.2 percent. 
These results confirmed the technical feasi- 
bility of converting coal to low-sulfur util- 
ity fuels compatible with air pollution reg- 
ulations. 


Two-stage combustion was applied to 
the Bureau’s magnetohydrodynamic (MHD) 
power generation system to reduce the in- 
herent high production of nitrogen oxide 
(NOx). In this technique, initial combus- 
tion was accomplished with 80 to 95 per- 
cent of the quantity of air necessary for 
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complete burning of the fuel. Additional 
air, sufficient to complete the combustion 
of the fuel, was injected at a point where 
the first stage combustion gases had cooled 
to 22009 to 2800° F. In one MHD test, 
NO, production was one-third less than 
the average output from a conventional 
pulverized-coal-fired furnace. The Bureau's 
two-stage combustion technique is believed 
amenable to conventional furnace usage, 
which in turn could result in an important 
decrease in NO, output from tomorrow's 
fossil fuel combustion. In a study being 
coordinated by the Bureau and involving 
nearly a dozen private and government 
laboratories, a round-robin series of coal 
analyses is underway to determine the 
mercury content of coals fueling the Na- 
tion’s powerplants. Ten coals, sampled 
from current production going to operat- 
ing powerplants across the Nation and rep- 
resenting a wide geographical area, are 
being examined. Besides producing a relia- 
ble method for the determination of mer- 
cury in coal, the cooperative program is 
expected to provide information on the 
environmental impact of mercury from 
coal-burning powerplants. 


Petroleum and Natural Gas Research.— 
A preliminary analysis of the cost of sub- 
surface waste disposal systems versus the 
cost of surface treatment of many liquid 
industrial wastes indicated that the former 
is more economical. Capital costs of the 
subsurface disposal systems were about 
one-half the cost of biological units for 
treatment of many organic wastes. Annual 
operating cost of subsurface injection was 
also generally less than the cost of surface 
treating systems. Subsurface waste disposal 
systems used for disposal of industrial and 
municipal wastes from several widely sepa- 
rated areas were reviewed. During 1970 the 
Project Rulison preshot exploratory well 
was cleaned out and redrilled as a direc- 
tional hole to the top of the chimney cre- 
ated by the nuclear detonation. The well 
was completed initially August 1, 1970, 
and recompleted October 4, 1970, following 
remedial work required after first attempts 
to produce gas resulted in plugged tubing 
and production equipment. Cumulative gas 
produced, including nonhydrocarbon con- 
stituents, to April 20, 1971, is 453 million 
cubic feet. 


Excluding exhaust conversion systems, 
experiments with laboratory engines 


showed that using either natural gas or 
propane resulted in lower engine exhaust 
emissions than are possible with gasoline 
and conventional gasoline carburetors. 
However, the advantage of low emissions 
with the light hydrocarbons was accompa- 
nied by a power loss in moving from the 
traditional fuel-rich, “best-power” fuel/air 
mixture to the fuel-lean, “lowest-emission” 
fuel/air mixture. In studying the chemistry 
of the asphalt-aggregate interaction as 
it related to performance in road pave- 
ments, significant differences were found 
in the interfacial reactivity of a number of 
different asphalt-aggregate systems. These 
differences were measured by immersing 
aggregate in asphalt in a sensitive 
microcalorimeter. This microcalorimeter is 
capable of measuring temperature changes 
in millionths of a degree and energy 
changes in microcalories. In cooperation 
with the Federal Highway Administration 
(FHWA) studies are being made on se- 
lected asphalt and aggregate samples with 
varying performance characteristics. 


In studies of the thermal conditioning of 
oil and gas reservoirs, tensile strength, 
toughness, and a relative brittleness index 
were determined on specimens subjected to 
cryogenic, ambient, and elevated tempera- 
tures. Changes in tensile strength were 
considered indications of changes in energy 
needed to induce a hydraulic fracture; 
changes in toughness were indications of 
energy required to initiate an explosive 
fracture. Increases in rock strength and a 
decrease in brittleness at cryogenic temper- 
ature indicated that neither hydraulic nor 
explosive fracturing would be encouraged 
as a result of conditioning the formation 
to an extremely low temperature. Rock 
specimens subjected to an elevated temper- 
ature of 700° F produced little or no 
change in observable properties of sand- 
stone. At successive cycles of 1,000° F, 
change in temperature caused impact 
toughness to decrease by about 15 percent, 
suggesting further investigation of such 
treatment as a means of improving explo- 
sive fracturing. Comparison of oil-produc- 
tion records of wells representing the East 
Canton, Ohio, oilfield indicated production 
was closely correlated to the amount of net 
sand having greater than 80 percent 
quartz. Correlation of production data 
with the net thickness of the 80 percent or 
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more clean sand was made on more than 
100 wells scattered throughout the field. 


Oil Shale Research. — Research by the 
Bureau on environmental problems related 
to oil-shale development resulted in a 
process that appears from laboratory tests 
to be suitable for treatment of waste wa- 
ters produced by both above ground and 
in situ retorting operations. The process 
involved treatment with lime, activated 
carbon, and two types of ion exchange res- 
ins. A nonpolluted water suitable for reuse 
or safe release to the environment was 
produced. Interest in mercury as a poten- 
tial pollutant led to an examination of re- 
tort waters for this trace element using ac- 
tivation analysis and low-level atomic 
absorption. No significant quantities were 
found, the largest concentration being 20 
parts per billion. Vegetation studies were 
concentrated on burned shales as there is 
greater difficulty in getting satisfactory 
plant growth on these shales than on re- 
torted but unburned shale. Successful ger- 
mination of grasses such as annual rye was 
obtained when the shale was conditioned 
with 5 to 10 percent Leonardite, and fur- 
ther improvement resulted from adding 
peat moss. Tests are underway on the ef- 
fects of various combinations of fertilizer 
components on growth improvement. 


The Bureau continued its investigation 
of in situ processing of oil shale by multi- 
ple coring of the shale bed at the site of 
the first successful demonstration of this 
environmentally attractive technique. A 
second, larger scale field experiment at 
greater depth was initiated. Related re- 
search with a 150-ton retort to simulate in 
situ processing resulted in completion of 
the first half of a statistically designed se- 
ries of runs to develop data on optimum 
combinations of retorting variables. Specifi- 
cally developed for thermal analysis of oil 
shales, a unique Bureau device permitted 
simultaneous determination of heat 
changes, weight changes, and analysis of 
gases evolving from a single sample during 
heating. This technique provided informa- 
tion on both organic and mineral constitu- 
ents of the shale. Other developments in- 
volving minerals associated with oil shale 
included analyses of the dawsonite and 
nahcolite contents of Piceance Creek Basin 
oil-shale sections. A newly developed tech- 
nique that may produce a valid estimate 
of the nahcolite in the entire basin was 


used. As part of an integrated oil-shale 
processing operation, material progress was 
made in development of methods for re- 
covering products derived from these two 
potentially valuable minerals. 

Economic Analysis—The Bureau's pro- 
gram of economic analysis focused on the 
economic forces at work within the min- 
eral industry, and on the relationships be- 
tween the industry and the national econ- 
omy. The purpose of the activity is to 
provide government decision makers with 
appropriate information and up-to-date 
analysis of the existing situation, future 
trends, alternative courses of action, and 
the impact of choosing any one of the al- 
ternatives. The economic analysis program 
seeks to provide the general methodology 
needed for such analyses, as well as infor- 
mation relevant to problem-solving in the 
field of mineral economics. 

A study estimated the potential for min- 
eral-based construction materials as a re- 
sult of the growing demand for better in- 
sulation against noise in private homes 
and apartments.3 This potential was found 
to be substantial but fairly expensive in 
terms of cost per dwelling unit. 

Input-output tables provide models that 
show the internal structure of mineral 
markets and that permit detailed estimates 
to be made of how changes in sales or 
purchases within one sector will affect 
other sectors. During the past fiscal year, 
several important components were com- 
pleted, most of these designed for com- 
puter application. Special attention was de- 
voted to the development of “multipliers” 
that permit estimation of how much a dol- 
lar of additional minerals consumption 
stimulates the entire economy. Work was 
slowed during the year by the need to ad- 
just previously compiled minerals data to 
agree with the national tables for 1963. 
Supporting information for the input-out- 
put studies included detailed analyses of 
certain industries—notably coal and copper 
mining.* Studies on these industries were 
completed and placed on open file. 


3 Cooper, Franklin D. and Lucille M. Langlois. 
Economic Potential of Mineral-Based Insulating 
Materials in Combating the Noise Problem in 
Residences. BuMines Inf. Circ. 8466, 1970, 24 pp. 

* Cooper, Franklin D. Changing Pattern in Ex- 
penditures for Supplies in the U.S. Bituminous 
Coal and Lignite Industry—1958 and 1963. Prep- 
aration and Cleaning. BuMines Open-File Rept. 
5-70, 1970, 54 pp. 

. Changing Patterns of Expenditures for 
Supplies in the U.S. Copper Industry—1958 and 
1963. BuMines Open-File Rept. 6-70, 1970, 90 pp. 
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A special staff analysis was prepared dur- 
ing the year, estimating the impact on re- 
gional coal production of a shift from 
high to low sulfur coal. The goal was both 
to analyze the expected impact in south- 
eastern Ohio, an area that produces almost 
entirely high sulfur coal, and to develop a 
method with general applicability. The 
methodology adapted turned out to be 
useful and applicable, but suffered from 
the fact that the needed data have been 
collected for only about 7 years—barely 
enough for statistical significance. 

Health and Safety Research.—Following 
the passage of the Federal Mine Health 
and Safety Act of 1969, the Bureau in 1970 
enlarged by almost tenfold its support of 
research to develop the technology needed 
to minimize mining hazards and substan- 
tially reduce the absolute number of min- 
ing accidents. To reach the objective of 
considerably improving the safety of mines 
in the shortest possible time, research con- 
tracts were granted. Examples of the tech- 
nology being sought include developing 
means for measuring and suppressing res- 
pirable dust, establishing methods for pro- 
tecting miners from rockfalls, developing 
techniques for minimizing the probability 
of methane gas explosions in coal mines, 
and advancing the technology to provide 
life support to trapped miners following a 
mine explosion, inundation, or major 
ground collapse. Reduction of respirable 
dusts in underground mines continued to 
be a major inhouse health research objec- 
tive. Steam and water sprays proved about 
equally effective in suppressing coal dust 
in laboratory experiments designed to sim- 
ulate coal cutting at a face. Up to 75 per- 
cent airborne coal dust was collected by 
water spray in a dust tunnel, and a theo- 
retical model for suppression by water 
spray was developed. Up to 90 percent res- 
pirable coal dust was suppressed in labora- 
tory trials with an experimental water- 
based,  high-expansion chemical foam. 
Agglomeration of electrically charged dust 
particles on a plastic surface also showed 
promise as a dust-suppression mechanism. 

In the prevention of mine fires and ex- 
plosions, new design criteria were prepared 
for explosion proof bulkheads based on ex- 
tensive comparison of Bureau experimental 
data with British and German mine stand- 
ards. Flame quenching experiments 
established the relative efficiency of several 
halogenated flame extinguishants, and var- 


ious extinguishant dispersion devices were 
evaluated. A modified hot-wire velocity 
probe was developed for measuring concen- 
trations of gaseous quenching agents, mak- 
ing possible measurements in tens of milli- 
seconds as compared with tenths of seconds 
with the present analyzer. Mathematical 
models of aerodynamic disturbances in 
mine networks were developed and applied 
to studies of propagating and stationary 
mine fires, and to methane emission from 
gob areas induced by such disturbances. 

Bureau research on potential hazards in 
the mine environment included studies of 
toxic halides generated by reaction of hal- 
ogenated extinguishants (Halons) with 
methane flames, and toxic combustion 
products formed by smoldering and burn- 
ing conveyor belts. Polarography proved an 
accurate, rapid method for determining ox- 
ides of nitrogen in metal and nonmetal 
mines. Some progress in the control of 
radon in uranium mining was made with 
the development of a device for measuring 
radon diffusion across barriers and by good 
preliminary results with a number of can- 
didate wall sealants. 

Explosives and Explosions Research.—A 
number of investigations involving explo- 
sives and explosion and combustion reac- 
tions were again conducted for other gov- 
ernment agencies, For the Department of 
Transportation, hazard classification tests 
were developed for use in the safe trans- 
port of potentially explosive materials by 
land, air, and water. Experiments for the 
Department of the Army established that 
postcrash fires could be reduced signifi- 
cantly through the use of thickened 
(emulsified or gelled) fuels. In experi- 
ments for the Department of the Air 
Force, the ignition temperatures of com- 
bustible aircraft fluids determined under 
simulated flight conditions were found to 
be considerably higher than their mini- 
mum autoignition temperatures deter- 
mined under static conditions. Large-scale 
research for the National Aeronautics and 
Space Administration on the behavior of 
commercial explosives in extraterrestrial 
(lunar) environments was made possible 
by the construction of a 1,225 ft3 facility 
in which vacuums below 10 torr can be 
maintained. 

In studies on the ignition of flammable 
atmospheres, evidence was obtained that 
there is a minimum size below which a 
single, irradiatively heated particle (coal, 
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magnesium, carbon) no longer ignites a 
flammable environment. Computerized 
methods were used increasingly to attack 
fundamental problems relating to low-ve- 
locity detonation, shock waves in airways, 
and toxic fume formation by explosives. 
Helium Conservation.—Helium is stored 
for conservation purposes to assure a fu- 
ture supply after depletion of more eco- 


nomical resources. Approximately 30 bil- 
lion cubic feet of helium is in storage 
which otherwise would have been wasted. 
Bureau-produced helium in excess of cur- 
rent sales will continue to be stored for 
conservation. Research on helium proper- 
ties and processes was phased out at the 
end of 1970. 


LEGISLATION AND GOVERNMENT PROGRAMS 


Of special interest to the minerals indus- 
tries during the year were several pieces of 
legislation with direct environmental im- 
pact as well as a law establishing a na- 
tional mining and minerals policy. 
Nineteen-seventy was the first year that the 
National Environmental Policy Act (Public 
Law 91-190) was in effect. A Council on 
Environmental Quality was appointed by 
the President to "formulate and recom- 
mend national policies to promote the im- 
provement of the quality of the environ- 
ment.” An annual Environmental Quality 
Report to Congress is an integral part of 
the law. Also during the year, the Federal 
Water Pollution Control Act was amended, 
and the Resource Recovery Act (Public 
Law 91-512) was passed to amend the 
Solid Waste Disposal Act. In addition, a 
bill (Public Law 91-604) was passed late 
in 1970 to amend the Clean Air Act. One 
provision, probably the most well-known 
part of the act, requires a 90-percent re- 
duction in carbon monoxide and hydrocar- 
bons emissions from automobiles by Janu- 
ary 1, 1975. Similar standards covering 
nitrogen oxides emissions must be met by 
January 1, 1976. Provision for civil suits 
against polluters was also incorporated into 
the law. In general, the act is considered 
to be a fairly strict environmental meas- 
ure. 

Late in 1970 Congress passed the Mining 
and Minerals Policy Act of 1970 (Public 
Law 91-631). Goals of this legislation in- 
clude (1) the development of an economi- 
cally sound domestic minerals industry; 
(2) the orderly development of mineral 
resources; (3) the use of mining, minerals, 
and metallurgical research (including the 
recycling of scrap) to promote the efficient 
use of resources; and (4) the study and 
development of methods for disposing, con- 
trolling, and reclaiming mineral waste 
products and the reclaiming of mined 
lands. The law further requires the Secre- 


tary of the Interior to include in his an- 
nual statement to Congress a report on the 
state of the domestic minerals industries. 

An attempt was made during 1970 to 
enact a trade bill. The legislation as rec- 
ommended by the President in 1969 in- 
cluded eliminating the use of the Ameri- 
can selling price as a basis for setting 
certain import duties and the liberalizing 
of criteria for assisting employees and busi- 
nesses adversely affected by imports. After 
much discussion, the subsequent bill in- 
cluded many other provision, the most 
controversial being a general increase in 
import restrictions. The trade bill, which 
would have been a sudden switch to pro- 
tectionism by the United States, failed to 
pass Congress. 

As of December 31, 1970, the acquisition 
cost of strategic materials in government 
inventories totaled $6.4 billion with a mar- 
ket value of $7.1 billion. Included in these 
government inventories were $2.7 billion of 
materials (market value) considered in ex- 
cess of stockpile needs. As of June 30, 
1970, over 76 percent of the market value 
of these excesses was accounted for by 13 
commodities. These commodities included 
aluminum, metallurgical grade bauxite 
(Jamaica and Surinam),  metallurgical 
grade chromite (upgraded forms and sub- 
specification ores), cobalt, industrial dia- 
mond bort and stones, lead, metallurgical 
grade manganese, quartz crystals, rubber, 
tin, tungsten, and zinc. A total of $187 
million of mineral commodities was dis- 
posed of in calendar year 1970, a 43-per- 
cent decline from the 1969 figure. Major 
mineral stockpile items sold during the 
year with a sales value of at least $5 mil- 
lion each included aluminum, chromite 
(chemical and metallurgical) , cobalt, fluor- 
spar (acid grade), magnesium, molybde- 
num, silver, tin, tungsten, vanadium, and 
zinc. 
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WORLD REVIEW 


World Economy.—In 1970, persistent in- 
flation characterized world economic condi- 
tions. In response to this situation, many 
foreign countries maintained high interest 
rates in an effort to control demand for 
goods and services. By yearend, however, 
many countries were loosening the credit 
reins substantially. Canada, for example, 
followed a fairly restrictive monetary pol- 
icy early in 1970, but overall, the interest 
rate declined for the year. Most countries 
experienced moderate growth in the GNP. 
Preliminary estimates of GNP for Germany 
indicated a 12-percent advance. However, 
more than half the growth in GNP re- 
sulted from a rise in prices. Gross Commu- 
nity product for the European Economic 
Community (EEC) increased by 6 percent 
in real terms in 1970, at a slightly lower 
rate than that of 1969, or by 12.5 percent 
at current prices. GNP figures for Canada 
indicate a 10-percent advance at current 
prices. In South America, the economies of 
Argentina and Brazil were again hampered 
by inflation. The Japanese economy con- 
tinued to expand with an estimated real 
growth of more than 11 percent for the 
year. 

World Production.—World production 
of most major minerals continued to trend 
upward in 1970. The United Nations 
(UN) indexes of. world mineral industry 
production (1963 = 100) for the extrac- 
tive industries climbed 8 points to 143. In 
the metals category, production increases 
were moderate to substantial. Total output 
of coal edged up only 2 index points to 
103 in 1970, but the United States, Can- 
ada, Australia, and New Zealand recorded 
more significant increases. European coal 
production declined from 77 to 74 index 
points. All major reporting areas showed 
increased. production of crude oil and nat- 
ural gas. Industrial output as measured by 
the UN overall production indexes rose 7 
points to 157 for 1970, following a 10-point 
gain in 1969. 


World Trade.—The value of world trade 
in all commodities climbed to $272.7 bil- 
lion in 1969 (latest data available). This 
represented a 14-percent increase for the 
year compared with a 12-percent increase 
in 1968. Mineral commodities exported to- 
taled $58.2 billion, a 12-percent gain. Once 
again metals accounted for the larger part 
of the mineral commodity trade. In 1969, 
$31 billion worth of metals were exported, 
a significant rise of 17 percent from 1968. 
In the metals group, ores, concentrates, 
scrap, and nonferrous metals increased 15 
percent; iron and steel exports were up 20 
percent. Nonmetals, however, advanced less 
than 4 percent in 1969 compared with an 
8.5-percent gain in 1968. World trade in 
mineral fuels totaled $24.9 billion, an 8- 
percent increase compared with a 12-per- 
cent increase in this category in 1968. In 
general, increased trade was reported for 
metals, nonmetals, and fuels in 1969, al- 
though percentage increases for nonmetals 
and fuels did not match the 1968 advances. 

World Prices.—The mineral commodity 
export price indexes (1963 == 100) regis- 
tered moderate increases in fuels and 
crude mineral prices in 1970. Metallic ore 
prices, however, were up significantly. In 
1970 the price index for metals climbed 8 
index points to 122. The index was espe- 
cially high in the first quarter of the year, 
but dropped 3 index points by the end of 
1970. Fuel prices gradually rose from 103 
index points in early 1970 to 108 at year- 
end. Crude mineral prices advanced to 109 
for the year, a 5-point increase. Mineral 
prices in developed areas posted significant 
increases for total minerals and nonferrous 
base metals. For the less-developed areas, 
the total mineral export price indexes 
edged up 1 point while nonferrous base 
metals increased 4 points, compared with a 
22-point advance in 1969. 
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Table 1.—Value of mineral production,! exports, and imports by groups 


(Millions) 
1966 1967 1968 
Mineral group 
Pro- Ex- Im- Pro- Ex- Im- Pro- Ex- Im- 
duction ports? ports? duction ports? ports? duction ports? ports? 
Metals and nonmetals 
except fuels: 
on metals 35, 176 3228 3412 : $5,200 $241 $414 $5,448 $246 $490 
Metals. 2, 70 158 1,192 2,388 171 1,117 2,708 241 1,161 
Total 7,879 386 1,604 77,533 412 1,531 8,151 487 1,651 
Mineral fuelsss 15,088 490 1,811 16,195 601 1,289 16,820 539 1,309 
Grand total 22 22,968 876 2,915 23,729 1,018 2,820 24,971 1,026 2,960 
1969 1970 
Production  Exports:? Importer? Production Exports? Imports 2 
Metals and nonmetals 
exeept fuels: 
Nonmetals..........- r $5,624 $222 $491 $5,711 $225 $558 
Metals r 8,832 246 1,094 : 822 1,252 
Total 33 r 8,956 467 1,586 9,637 547 1,810 
Mineral fuellss 17,965 632 1,428 20,153 1,011 1,460 
Grand total. r 26,921 1,099 3,014 29,790 1,558 8,270 
r Revised. 
1 For details, see the “Statistical Summary” chapter of this volume. 
2 Essentially unprocessed mineral raw material. 
3 Data may not add to totals shown because of independent rounding. 
Table 2.—Value of mineral production by group, 1967 constant dollars 1 
(Millions) 
Mineral group 1966 1967 1968 1969 1970 p 
Metals and nonmetals 
except fue 
on metals 35, 320 $5,200 $5,373 $5,498 $5,655 
Metals...............- ,801 i 2,574 3,051 
r 8,121 7, 533 7,947 8,462 8,606 
Mineral fuelis 15,318 16,195 16,753 16,948 18,354 
Grand total.......... 23,439 r 223,729 24,700 25,410 26,960 


p Preliminary. r Revised. 


evi 
1 Value deflated by the index of implicit unit value. 
2 Data may not add to totals shown because of independent rounding. 
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Table 3.—Indexes of the physical volume of mineral production, by group and subgroup 


(1967 =100) 
1966 196 1968 1969 1970 v 
METALS 

Ferrous___..... ... A ....- 109.2 100.0 102.4 110.9 109.3 

Nonferrous: 
Base__ A 138.4 100.0 120.4 149.6 167.3 
Monetary 123.9 100.0 97.1 115.5 123.9 
Otr- ici dance 90.4 100.0 113.9 111.0 119.5 
Average 131.0 100.0 117.6 141.7 157.4 
Average, all metals 121.2 100.0 110.8 127.9 135.8 

NONMETALS 
Construction 103.2 100. 0 104. 6 106. 6 106.3 
Chemical......................- 97.0 100.0 98.9 101.4 103.0 
Other.................-......-.- 105.2 100.0 106.5 107.3 109.1 
Average 101.9 100. 0 103.4 105.5 105.7 
FUELS 

Coal; 8 96.9 100.0 98.5 100.9 108.0 
Crude oil and natural gas 94.8 100.0 104.2 110.5 108.6 
Average. 94.5 100.0 103.4 109.1 109.1 
Average, all minerals. 987 100.0 104.1 110.1 110.9 


p Preliminary. 


Table 4.—Federal Reserve Board indexes of industrial 5 


mining and selected mineral and mineral fuels related industries 
(1967 =100) 
1966 1967 1968 1969 1970 v 
Mining: 

öÜß; econ 97.2 100. 0 98.2 101.1 105.7 

Crude oil and natural gas: 
Grune s. eee 94.3 100.0 103.2 104.8 109.4 

Gas and gas liquids: 
Average e 95.7 100.0 104.0 106.9 109.7 
Average coal, oil, and gas 95.9 100.0 103.2 106.1 109.2 
M ³ð is 119.8 100.0 111.4 124.8 131.3 
Stone and earth miner alas 102.2 100.0 103.47 102.8 98.8 
rr. 109.1 100.0 106.8 111.7 112.0 
Average mining 98.4 100.0 103.9 107.2 109.7 
Industrial production: 

Primary metals 108.8 100.0 103.2 114.1 106.9 
Iron and steel 107.5 100.0 103.6 113.0 105.3 
Nonferrous metals and products 110.7 100.0 102.6 116.0 109.7 
Clay, glass, and stone products 105.3 100.0 106.0 112.5 106.3 
Average industrial production 98.0 100.0 105.8 110.7 106.7 


p Preliminary. 
1 Includes oil and gas drilling. 


. Source: Federal Reserve System, Board of Governors. Federal Reserve Statistical Release, Aug. 16, 1971, 
and anche Supplement, Industrial Production and 18 Major Divisions, January 1954-March 1971, 1971 
edition. 
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Table 6.—Production of mineral energy resources and electricity from 
hydropower and nuclear power 


(Trillion Btu) 
Bituminous Natural Electricity 3 
Y ear Anthracite coal and gas, wet Crude ———————————— Total 
lignite!  (unprocessed) petroleum ? Hydro- Nuclear 
power power 
1966......... 829 r 18,507 r 18,984 16,925 r 2,029 r 57 r 51,831 
1967 coe —N᷑ 311 r 13,904 20,087 r 18,100 r2,311 r 80 r 54,798 
19688. 291 r 13,664 21, 548 18, 593 r 2, 319 r 130 r 56, 545 
1969. 266 13,957 22,838 18,886 2,614 146 58,707 
1970 ».......- 247 15,001 24,154 19,744 2,617 231 61,994 


p Preliminary. r Revised. 

1 Heat values employed for bituminous coal and lignite are 1966, 12,650 Btu per pound; 1967, 12,580 Btu; 
1968, 12,530 Btu; 1969, 12,450 Btu; and 1970, 12,440 Btu. 

2 Heat values employed for crude petroleum are 1966, 5,257,440 Btu per barrel; 1967, 5,628,540 Btu; 1968, 
5,585,016 Btu; 1969, 5,601,070 Btu; and 1970, 5,613,290 Btu. 

3 Hydropower and nuclear power include installations owned by manufacturing plants and mines as well as 
Government and privately owned public utilities. The fuel equivalent of hydropower and nuclear power is 
calculated from the kilowatt-hours produced, converted to theoretical energy resources inputs calculated 
from national average heat rates for fossil-fueled steam electric plants provided by the Federal Power Com- 
mission using 10,415 Btu per net kilowatt-hour in 1966; 10,432 Btu in 1967; 10,398 Btu in 1968; 10,447 Btu 
in 1969; and 10,583 Btu in 1970. 


Table 7.—Calculated gross consumption of mineral energy resources, and electricity 
from hydropower and nuclear power in British thermal units (Btu), and 
percent contributed by each 1 


Petroleum Electricity 
Bituminous Natural (excluding Natural ————————————— 
Year Anthracite coal and gas, dry natural gas Hydro- Nuclear Total 
lignite . gas liquids power power 
liquids) 
TRILLION BTU 
1966...........- 290 r 12,205 17,393 22,405 1,989 72,040 r 57 r 56,379 
1966 —“— ½c?à 274 r 11,982 18, 250 23,191 2,144 2,308 r 80 r 58,229 
1968______._._. 258 r 12,401 19,580 24,607 2,445 r2,314 r 130 r 61,735 
19699 224 12, 509 21,020 26,029 2,392 2,625 146 64,945 
190 ᷣͤ 210 12, 712 22,029 27,123 2,488 2,638 231 67,431 
PERCENT 
1966 — 0. 5 21.6 0. 89.7 8.5 8.7 0.1 100.0 
1967222 5 20. 6 31.3 39.8 3.7 4.0 .1 100.0 
19688 4 20.1 31.7 39.9 4.0 3.7 2 100.0 
196999 3 19. 3 32.4 40.1 3.7 4.0 2 100. 0 
1970 »..........- 3 18.9 7 40.2 3.7 3.9 .8 100.0 
p Preliminary. r Revised. 


! Heat values employed are anthracite, 12,700 Btu per pound and bituminous coal and lignite, weighted 
average Btu provided by the Division of Fossil Fuels, Branch of Coal, 12,550 Btu per pound in 1966; 12,470 
Btu per pound in 1967; 12,430 Btu per pound in 1968; 12,330 Btu per pound in 1969; and 12,290 Btu per pound 
in 1970. Weighted average Btu for petroleum products obtained by using 5,248,000 for gasoline and naphtha- 
type jet fuel; 5,670,000 for kerosine and kerosine-type jet fuel; 5,825,000 for distillate; 6,287,000 for residual; 
6,064,800 for lubricants; 5,537,280 for wax; 6,636,000 for asphalt; and 5,796,000 for miscellaneous; natural 
gas dry, 103.2 Btu; natural gas liquids, weighted average Btu: natural gasoline and cycle products, 110,000 
Btu per gallon; LP-gases, 95,000 per gallon; and ethane, 73,390 Btu per gallon. Hydropower (adjusted for net 
imports or net exports) and nuclear power are derived from net electricity generated, converted to theoretical 
energy resources inputs calculated from national average heat rates for fossil-fueled steam-electric plants 
provided by the Federal Power Commission, using 10,415 Btu per net kilowatt-hour in 1966; 10,432 Btu in 
1967; 10,398 Btu in 1968; 10,447 Btu in 1969; and 10,583 Btu in 1970. 
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Table 8.—Gross consumption of energy resources by major sources 
and consuming sectors 1 


(Trillion Btu) 


Bituminous Natural Total Utility Total 
Year Anthra- coal gas, Petro- Hydro- Nuclear gross electricity sector 

cite and dry ! leum 2 power? power? energy distrib- energy 

lignite inputs 4 uted 5 inputs $ 

HOUSEHOLD AND COMMERCIAL 
1966...... 143 r 534 5,945 5,766 | ..... T r 12,388 2,101 r 14,489 
1967 128 r 457 6,223 6,206 | ..... ic r 13,014 2,257 715,271 
1968...... r 121 r 408 6,451 r 6,128 . r 13,108 2,467 715,575 
1969...... 107 340 6,890 6,268 | ..... d 13,605 2,752 16,357 
1970 5 103 824 7,108 6,453 — ..... Beer 13,988 2,921 16,909 
INDUSTRIAL 
1966...... 88 r 5,884 8,208 4,352 T r 18,027 1,788  Á 719,815 
1967......- 90 r 5,110 8,599 4,298 | ..... ies r 18,097 1,868 719,965 
1968...... r 80 r 5,044 9,274 4,820 DNE r 19,218 2,044 121, 262 
1969. 70 4,981 9,885 5,0⸗k˖ nt 19,983 2,155 22,188 
1970 p_____ 59 4,945 10,162 5,138 NN 20,304 2,289 22,593 
TRANSPORTATION ? 
1966...... NA r 16 553 12,777 NNR r 13,346 16  r13,362 
19617... NA r 13 594 18,542 . ..... SE r 14,149 17 714,166 
1968...... NA 11 610 14,681 . ..... SR 15,302 18 15,320 
1969...... NA 8 651 15,249 . ..... — 15,908 17 15,925 
1970 5 NA 8 744 15.711 a 16,468 16 16,484 
ELECTRICITY GENERATION, UTILITIES 3 

1966...... 56 r 6,271 2,692 905 72,040 r 57 r 12,021 3,905 | ...... 
1967 55 r 6,402 2,834 1,013 *2,308 r 80 r 12,692 4,142 . ...... 
1968...... 56 r 6,938 3,245 1,181 22,314 r 130 r 13,864 4,529 — ...... 
1969. 47 7,180 3,594 1,628 2,625 146 15,220 4,924 
1970 5 48 7,435 4,015 2, 090 2, 638 231 16,457 5,226 


MISCELLANEOUS AND UNACCOUNTED FOR 


1966...... 38 — Sues 594 Se 597. eR eins 
1967...... l 8 sous. - iiS 276 — See SL ss ee 
1965 G- ome. See 242 . ..... Ru 720 mood 
1969______ Auct a: isis 229425 NN 22 — uelis 
1970 v obo. ss — esses 214. ilz Ac 214... dario. — dise 
TOTAL GROSS ENERGY INPUTS 
1966...... 290 r 12,205 17,393 24,394 r2,040 r 51 r 56,379 moo. _----- 
1967. — 274 r 11,982 18,250 25,335 72,308 r 80 DD5.220. nease Zeie 
1968...... r 258 r 12,401 19,580 27,052 12,314 r 130 61,713 —-ẽ—ZAUd³ẽ’¹ 
1969 224 12, 509 21, 020 28, 421 2, 625 146 64.94³v5eF 2 
1970 v 210 12, 712 22, 029 29,611 2,638 231 67,431 «cies aaa- 


p Preliminary. r Revised. NA Not available. 

1 Excludes natural gas liquids. 

2 Petroleum products including still gas, LRG, and natural gas liquids. 

š Represents outputs of hydropower (adjusted for net imports or net exports) and nuclear power converted 
to theoretical energy inputs calculated from national average heat rates for fossil-fueled steam-electric plants 
provided by the Federal Power Commission using 10,415 Btu per net kilowatt-hour in 1966; 10,432 Btu in 
1967; 10,398 Btu in 1968; 10,447 in 1969; and 10,583 Btu in 1970. Excludes inputs for power generated by 
nonutility plants which are included within the other consuming sectors. 

+ Gross energy is that contained in all types of commercial energy at time it is incorporated in the economy, 

whether energy is produced domestically or imported. Gross energy comprises inputs of primary fuels (or the 
derivatives) and outputs of hydropower and nuclear power converted to theoretical energy inputs. Gross 
energy includes energy used for production, processing, and transportation of energy proper. 
. 5 Utility electricity, generated and imported, distributed to the other consuming sectors, as energy resource 
inputs. Distribution to sectors is based on historical series in the Edison Electric Institute Yearbook. Con- 
version of electricity to energy equivalent by sectors was made at the value of contained energy corresponding 
to 100-percent efficiency using a theoretical rate of 3,412 Btu per kilowatt-hour. i 

6 Energy resource inputs by sector, including direct fuels and electricity distributed. 

7 Includes bunkers and military transportation. 
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Table 9.—Domestic supply and demand for coal 


1969 1970 p 
Thousand Trillion Thousand Trillion 
short tons Btu short tons Btu 
ANTHRACITE 
Supply: 
Production “:1nnni“nn l.l. ..- 10,472.9 266.0 9,729.4 247.1 
( ⁰˙AA ĩͤ . 8 —1, 634. 0 —41. 5 —1,466.5 —37.2 
1 t NA NA NA NA 
Stock change; withdrawals (+), additions (t⸗))ʒ 200020000 | .....--. tee ee 
„ gains, and unaccounted for —29.9 —.8 —14.9 —.4 
dv 7 GE 8,809.0 223.7 8,248.0 209.5 
Demand by major consuming sectors: š 
Household and commercial .............. 4,209.0 106.9 4,042.0 102.7 
Industrial ͤv777ꝛꝛꝛ 22 22 Ll ll cL l.l... 2,751.0 69.9 2,309.0 58.6 
Transportation 2. 323 (7 (7) 1) (7) 
Electric generation, utilities 1,849.0 46.9 1,897.0 48.2 
Miscellaneous and unaccounted Tor... ......... eee ee mo 
Total 2242202225207 Am 8,809.0 223.7 8,248.0 209.5 
Ee nd 
BITUMINOUS COAL AND LIGNITE 
Supply: 
Production ee 560, 505. 0 13, 956.6 602, 932.0 15, 000. 9 
Exports- in7!.̃ us Za sss uuu sayu —56,284.0 —1,522.0 —70,908.0 —1,920.0 
loo ß 109.0 2.8 86.0 9 
Stock change; withdrawals ( +), additions ( —) 5,496.0 136.7  —11,777.0 — 292. 5 
„gains, and unaccounted for —2, 601.0 —64.7 23, 125.0 77. 6 
f oe Ce sees ee ac 507, 275.0 12, 509.4 517, 158. 0 12, 711.7 
Demand by major consuming sectors: 
el and power: 
Household and commercial *. .......... 12,666.0 839.5 12,072.0 823.9 
Industrial P 2 22 2-2 c. c Ll... 180,149.0 4,828.7 178,718.0 4,794.6 
Coal carbonized for coke 33. (92,901.0) (2,490.1) (96,009. 0) (2,575.7) 
Transportation __....._..-....----- 313.0 8.4 298.0 8.0 
Electricity generation, utilities 308,461.0 7,180.4 820,460.0 7,484.7 
Sl! ³ A caidas 501, 589.0 12,857. 0 511, 548. 0 12, 561.2 
—̃— ᷑ .——eêä . i-—ẽ . . .——eñ:ͤ — ͤ——— — ——— — —— 3. 
Raw material: Industrial ° | 
Crude light tar......................- 1,284.7 34.4 1,220.0 32.7 
Crude coal tak 4,401.3 118.0 4,890.0 117.8 
Tollos cis darias 5,686.0 152.4 5,610.0 150.5 
Grand total... ..................... 507,275.0 12,509.4 517,158.0 12,711.7 


p Preliminary. NA Not available. 

1 Includes use by producers for power and heat. 

2 Includes shipments to U.S. Armed Forces in West Germany. 

3 Except for small quantities used as raw material for coal chemicals, all anthracite represents fuel and power. 

4 Data represent “retail deliveries to other consumers." These are mainly household and commercial users, 
with some unknown portion of use by small industries. 

5 Includes consumption by coke plants, steel and rolling mills, and other industrial uses. 

6 Includes bunkers and military transportation. 

? Data not available. Believed to be small and of minor significance. 

s Figures in parentheses are not added into totals. 

* Coal equivalent based on British thermal unit of value of raw materials for coal chemicals. 
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Table 10.—Domestic supply and demand for natural gas 


1969 1970 v 
Million Trillion Million Trillion 
cubic feet Btu cubic feet Btu 
Supply: 
Production 111jljjj LL c 2 lll. l.l. 20,698,240 22,838.1 21,920,642 24,153.5 
EXDOFS. 2.224220 0 E — 51,304 —52.9 —69,813 —72.0 
Ih é 726,951 749.5 820,780 846.2 
Stock change; withdrawals ( +), additions ( —) —119,500 —123.2 —398,160 —410.5 
Transfers out, extraction loss 33 —866 , 560 —2,891.7 — 906,413 —2,487.8 
Losses, gains, and unaccounted for ........-.- — ....2222 [Í -- 
e AA PI 20, 387, 827 21,019. 8 21, 367, 036 22, 029.4 


' —— F 
Demand by major consuming sectors: | 
Fuel and power: 
Household and commercial. .. ......... 6,682,804 6,890.0 6,894,007 7,107.7 


Industriii 8, 895, 419 9,171.2 9, 190, 960 9,475.9 
Transportation 630 , 962 650.5 722,166 744.6 
Electricity generation, utilities 8,486,391 3,594.4 3,894,019 4,014.7 

/f da o yh S cms 19,695,576 20,306 , 1 20,701,152 21,842.9 


— Fr FI =F 


Carbon black.......................- 98,251 101.3 85,884 88.5 

Other chemicals 5_____ ooo... 594,000 612.4 580,000 698.0 

Total du in ³ aa ad ug gs 692,251 713.7 665,884 686.5 
— — . ——ñ — —ñññ— ñ ——— 

Grand total eee 20, 887, 827 21,019. 8 21,367,036 22,029.4 


p Preliminary. 

1 Marketed production includes wet gas sold or consumed by producers, losses in transmission, producers' 
additions to storage, and increases in gas pipeline fill; excludes repressuring and vented and wasted. Btu 
value of production is for wet gas prior to extraction of natural gas liquids. Higher values assigned to extraction 
loss are reflected in value of production for each year. 

? Extraction loss from cycling plants represents offtake of natural gas for natural gas liquids as reported to 
the Bureau of Mines. Energy equivalent of extraction loss is based on annual outputs of natural gasoline and 
associated products at 110,000 Btu per gallon, annual outputs of LPG at 95,500 Btu per gallon, and annual 
outputs of ethane at 73,390 Btu per gallon. (Prior to 1967, ethane production was included with LPG in con- 
verting to Btu values.) 

3 Includes transmission losses of 331,587 million cubic feet in 1969 and 227,650 million cubic feet in 1970. 

* Includes some fuel and power used by raw materials industries. 

5 Estimated from partial data. 

Note: Conversion factor for dry gas is 1,031 Btu per cubic foot. 
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Table 11.—Domestic supply and demand for petroleum 1 


1969 1970 » 


Million Trillion Million Trillion 
barrels Btu barrels Btu 


Supply: 
Crude oil: 2 
Palle. t 3,871.8 18,885.7 3,517.4 19,744.2 
Exports- ac o usos eee sek —1.4 —7.8 —5. —28.1 
E EE 3 514.1 2,879.5 2483.3 2,712.9 
Stock change; withdrawals (+), additions (-) 7.0 39.2 —11.1 —62.3 
Losses and transfers for use as erude ...----------- —11.9 —66.7 —17.1 —95.0 
TOCA): EE 3,879.6 21,729.9 3,967.5  22,271.7 
Petroleum input runs to stills: 
Crude ool? conde . diia diee Es bo 3,879.6 21,729.9 3,967.5  Á 22,271." 
Transfers in, natural gas liquids *................... 264.6 1,176.8 278.3 1,237.0 
Other hydrocarbons 4.2 23.2 6.2 3 
P susu p ³· . AA roba 4,148.4 22,929.9 4,252.0 23, 543.0 
Output: 
Refined product 4,148.4 22,929. 9 4, 252.0 23, 543.0 
Unfinished oils, neee. 34.3 215.6 88.1 289.5 
Overage or oss 122.4 718.4 181.1 761.1 
A d EE A eee 4,805.1 28,858.9 4,421.2 24, 543. 6 
ß%C—ͤéWW! AR —83. —473.5 —89.5 —519.1 
mports........... —— ————— shua sisa 641.4  3,924.6 764.1 4,663.8 
Stock change, including natural gas liquids. . _........ 12.5 68.8 —26.5 —146.3 
Transfers in, natural gas liquids .. 815.6 1,214.9 327.6 1,250.8 
Losses, gains, and unaccounted for —81.8 —172.4 —82.9 —181.6 
Total AAA A E E t 5,159.9 28,421.38 5,864.0 29,611.2 
` Demand by major consuming sectors: 
Fuel and power: 
Household and commerciaaaalalalũlñ1ͤeœwr 947.6 5,259.6 965.3 5,370.8 
Indus!!! Ge 541.9 8,220.2 546 8,251.6 
Transportation A aah ee fete ĩͤ it 2,815.8 15,124.6 2,902.1 15, 588.1 
Electricity generation, utilities. 259.8 1,627.8 333.8 2,090.7 
Other, not specified 24.5 137.7 23.8 182.2 
A l 4,589.6 25,869.9 4,771.5  26,433.4 
Raw materials: 7 
Petrochemical feedstock offtake. ..................- 291.0 1,307.6 803.9 1,371.5 
Other nonfuel use 262.7 1,652.4 273.7 1,724.1 
e d 553.7 2,960.0 577.6 3,095.6 
Miscellaneous and unaccounted for 16.6 91.4 14.9 82.2 
%% la is us 5,159.9 28,421.3 5,864.0 29,611.2 


p Preliminary. 

1 Supply and demand for crude oil and petroleum 8 Petroleum products include products refined and 
processed from crude oil, including still gas and LRG; also natural gas liquids transferred from natural gas. 

2 Btu value for crude oil for each year shown is based on average Btu value of total output of petroleum 
products (including refinery fuel and losses) adjusted to exclude natural gas E san inputs and their implicitly 
derived values. Value for net imports of crude is based on the average value of crude runs to stills. 

3 Includes some Athabasca hydrocarbons. 

4 Btu values for natural liquids for each year shown are implicitly derived from weighted averages of 
5 of major natural gas liquids, derived by converting natural gasoline and cycle products at 110,000 

tu per gallon, LPG at 95,000 Btu per gallon, and ethane at 73,390 Btu per gallon. 

5 Includes natural gas liquids other than those channeled into refinery input as follows: Petrochemical feed- 
stocks, direct uses for fuel and power, and other uses. 

6 Includes bunkers and military transportation. 

? Includes some fuel and power used by raw materials industries. 


27 


REVIEW OF THE MINERAL INDUSTRIES 


"81484 Jo pus 39 s330UJ00] Bag 


EE 


8 Ia 88 6 691˙9 Les LI 82291 8'697 9 672 91 v"988'Z 997509 0˙836 8 893 ˙9 9 660 ^"^^" pueurop yonpoid otnsəuuop [930,], 
. — — ————.—-— 
y' 16 9°9T Y'T6 9911! "77777 V V ß EE VVV 10} pegunoooꝝun pue snoeue[[99st]A 
0.058% NA 92. 7.92 I TI — 17900 T OZ O O O T mor 
6° LST T "23 )) 8 6 LST „ ̃ͤœ ! ] ¾ ee, (soa133p 004+) SNO9UB[[SISIA 
0°09 0:01 ))) 8 0°09 (SS "Geer 883 [Ins 
8.20 FU!!! ee me uu aa ceba £208. 9:29 A J UU (səə13əp Q0p— ) tUYUdEN 
(NZ g CH eve rd sS eR 1809 9 1dte 9 883 umejorjed payanbrT 
$°6LT p pp. amen ee. e . ee $°6LT )))) ã T se3 Alougei pegenbrTq 
JO 49038p39] [8910194901439 
ER OE 5950. ccn cec Pon See ee amr ee, L°800'T aset ^77 F [Io peor put 3|eudsy 
6°99T 0D MEE ee ME MP URP DEN a 6°99T œt ORINA EET s 9509 UNAJO1J9.J 
9° TZE p > NA AAA 6'vZT 9°02 9'96T Bp. ‘Satter fees Eu PV IN d SOXBA PUB ,Soqn'T 
8 991 „5 ee xem eee Ee ee oe es auiem MET r e ee CLIE seujudeu [eroedg 
e S[BLL9JB UL MEY 
€ _.xIk[T—_K————-————————————————————— - ·—̃ — E 
6 698 23 9 689 7 2 281 S FS 8'LZ9'T 8'693 9'PZI‘ST 8'918'Z 2 032 8 6 179 e e EE Teo l 
6 618 r Serre, AA Seen: A RANT 6'618 CC TTT 9509 uməlonəd 
5.296. 5.091 J)) FFP „%% JJ 88 se3 Ins 
9889 Y 6122 6. 97 8 * 2˙999 T 9 2 9. J, 9°STT L'OLO'I Sot EGEL EE 07 7 7 7 ea [en] Ienpisə%q 
4 g E 006 G GL y ét T TZ 6 el 5 809 J 1 898 8 ˙•919 8 201 3186 2 8 IIrltrllr U UU U U U 7 U C U C U lens sls 
8699 55001, sit ) eg A n RS 9 OTL CN q ` Lët pp. ON 9UISOJ9d 
O°6TL OT 9,82PC” CW§ꝰMWTW—: 0222 ee, dd. r.... oe oe ee pee ee ay 9UIOSBL) 
9°9T0 3 | L'I08 Ts CV V , . . . RAS 1830.L 
LIA TT 7777 70007 0 Deeg eeh e adÁ) əulso193 
0 189 Q°SOT TT 777077707 77707777 07777777 0`189 r . EE EE SC d tyyuden 
Stan) 3ef 
6 666 8 65 5 81 „ O 0 6 58 gott 922 3187 r AOS sose3 payonbry] 


: od pus jon ꝗ 


mg  spueq mg shuq mg shm mg shoqq mg spueq mg Keie 
gott, UON ` goot, wor vou, UoN vom, UON ` oof UON  UOHI4L ONUN 


pusurep j3onpoid 10} pəqunooosun seninn ‘uone Ier91Iəurturoo 
onseulop [BIO], PUB snoəuvw[əosIIW  -19U93 ÁJIOLIPDAA z uonsljiodsusx, jeLysnpu] pue ployasnoyy 


— a a , een 


1 8101338 Surumsuoo 1ofeu Áq pue sionpoxd 1ofeur áq *uorjdumsuoo uməl[orəd— I NLL 


MINERALS YEARBOOK, 1970 


28 


*1əqqna pang 10} DAI səpn[9uI y 


"soen [ONJUOU ut peurnsuoo oq o PABULIJS9 exoo uməlonəd 


jo suorjuod sepnjouy y 


Kean S snsuəo oy} JO neemg uo vp JO stseq uo pe3nqLnstp 318 SJUBILIQNT » 
*S9LIISNPUI S[€LI938UI MBI Aq pasn JaMod pus [ən] euros sepn[ou ç 
*"uorjg31odsus13 mem pue sroxunq sopnp9u] z 

"spmbr] se3 [en3eu pus se3 Alouyel pogenbi[ sepn[oug 1 


*Á1euput[9Jqd d 
2 11963 0 5989 F 512 2˙88 2'060'Z 8 888 goot 1°826'S S°LET‘'S 0076 1 E99'9 78831 1! puBulsp 39npold o°nsərtuop [e30], 
3.28 6 PI 2 28 6 ˙ PI Mc OMNE ys MCN VCC 40 pejunoooeun pue snoeus[[2ost]A 
9'960 8 39'Lq | ^'^ "777 7777777 7077777 v"LZT 0 T2 6"988"T 9'€68 r . . 1890], 
L'TS8I 2°18 )!! 88 17181 o TE 17. MOSES QN I (s99133p Q0p +) SNOSUB|[SISTA 
9 ˙ 92 ! ² ru a A 992 O O SUA ee ee se3 Ims 
1008 £°29 )) 8 2008 8˙ 29 J 8 (8180p 00F— ) eu3udeN 
e Sta 9 191 ))! 8 3859 ». S aS 9 882 umarozad payanbrT 
8 991 ER TEE E E EREE $°S9T e NOU ee ee SUE gu Auge payanbr] 
SH ELDO 49038p39] [89TU19 901319 
€'Z80'T 1 891 )))) ar Eege oe g`Z80 I T'89T NEN EU T CREME DO pvol pue 3jeudsy 
e ISI Los )))!!! 86 2 ISI (rr CS eee S ee s OD umnə[o1əq 
6 928 )))! re peu AA 5 Lët (NG 9° 661 8 88 )!!!! 8 SOXBM Put , soqn'T 
L'89I . a L` 891 GB Ge E pp Ura ee ce eta EIE seyyydeu [eroedg 
e ` S[81199 BU AN 
5 885 98 9 ILL 2281 CN 2'060'Z 8 888 188991 12062 9 1932 ˙8 9 979 SCHER LEE, EE OIM DIS S 1520 
6 818 1 ˙•29 )!!!! 8 6˙818 E NEM stc MOOR ge ee UM ee 9509 uməlonəq 
7.886 6 891 AOS Mcd j 5.886 6 891 „ —.. d 8 É S 
99909 8,708 6 97 8 2 1166 T 27918 3.985, 1˙2TII €'OIT'I aalt (elt 9°98T /// [eng [enpisey 
q'IOP'S 8 226 ga rä Lt 9°66 121 0'TZ9"T  4'692 Y: 909 T° vor 6°690 8 8 93999: [any AVUNA 
8 vrg 0°96 ! )! 8 5 . 8 61 8°36 O SIT G BLN- CU e ee EOD uu ee E 9UISOJO 
9"v8T IT FSJ 8 SZ FS PECO eege əu osen 
6 896 T 8˙ 2h 070007077 007777777 6 896 I 26 CUB. . . . ..... I UN IPSINS TE 1830.L 
1.885 ⁰ l O CCC ²⁊ ee ee o EE di euisol9y 
8 987 606 VAPAA e 8 987 e .. E E EE od tuyu den 
SIN 3ef 
$'086 EPPES LS V... Ss 9"23T 8°18 8˙801 0 Lë 8' 222 COSTS "PRA RP RAROS sose3 payanbr]T 
:19MOd pus [eng 
d 046T 
nig speq mg speq nig s[o11eq nig S[o1req mg speq mg sləzreq 
uon UON GONE UON wo, wom vom  VUOMIA gon, UON wor, UON 
pusulap 39npou1d 10} pəyunooosun sohn “qons T9I91eUu1u1o9 
9I3S9UIOp [930,], pue snoeus[post]wW eue A319LI390|^T s uon e31odsus[], [e1135npul pue p¡oyasnoH 


pənumnuop—Tr 8103998 Surumsuoo 1ofeur Áq pue sjonpoad 1ofeur Áq *uordumsuoo umoporiq—'zI ALL 


29 


REVIEW OF THE MINERAL INDUSTRIES 


"Jun 34 usqz ssə' ; 
*sj1OdX3 Jo U101398.13qN8 310J9q [8303 


gu st Árddns 85015) *e3ueurdrqs Arswyd u pepnrovt ere sjesodsyp epdpoo3s dH snum moduni pus *uoronpo1d Arspuodes *eyueuudyqs Amud jo ums ay} st A[ddng 39N t 
Adds s9013 put 3eu ut pepnpour you s; 9m3[ 7 “Sep reryuepguoo Ausduioo Jujso[ospp pioA€ 09 PIIM AA Iq A ION VN 
oT L 8 $ u 700009 L6 86 8— 896 %% oo e "s[&1euru pere PUE MEL 
er OU qI MAA 555 s 98 v8 (x) 887¼ 6 v8L'6 su Buoj pussnoqy "777777 SULIO] Ils “InJMS 
(z) (50 VN TC 001 001 t+ TL8 698 ) 8 pəqsn:o “9uoys 
(z) (z) (a) Os Sect. hoe 001 001 Lt 5756 986 "POOL uon rr [94813 pue pues 
I 2 L Nr ee RA 86 86 y+ 216,87 1889 /7·æ rrr rrr uouiuioo ‘ges 
IT 81 E Cee eee 19 L9 d 60; $ 0L» "EE (uereamba Q*N) veead 
62 1g T ͤĩ² i 8 66 66 9+ 909 8 VVV (1054) H901 NA so 
L 9 q C 96 96 01— SIT. JJ (deros 3dooxe SU 
(z) (z) 92 CCC. QL LL 7— BLESS 650% %%h TW uns Ap 
II (c) 08 CC 03 71 I+ 258.1 GE T BEER peusrug “redsronL,I 
y 8 (z) DNE M AS 001 001 8— 598 39 7171. d oe ee SKA 
A V T AAA ns eee ss 001 001 y+ 921. 891 I. ͤ ͤö , ...... 
JV gy 98 e 59 g- 099'T 169*1 "` ` SD 'ejueg 
q Y v8 EC 91 ST 9— 98; „ AAA TT URN $0389q5y 
STVLINNON 
(z) T 89 89 L 9 68 98 21— 888 L PSr es ee ee a Surz 
c EE 9 ZI % eons “G6 88 8+ St gI 22 (10t N) əygmuəouoo umnrue() 
A AA 00T 001 ))) AA ARRE SLE EES 903 O L Lat 
I I n TN NS 89 18 2 ＋ STL 989 8 R Zuls pue ejtueuu[y 
: (COLL) 93813Uu939u09 urniugj3t], 
6 OT Y OL 92 62 VN d I— 69 0, . ` ` soo Suo| Pussnou 7777777 7-7 777700079 ULL 
ES T8 6L 9L 61 ez T I 52 ＋ 888.1 VIT --seouno ohn Dugenon "` dno13 unuyed 
8 T 88 8 +I 8T 8} 68 08— 01939 Lol HL "geen punod ggg AMIA 
82 IS Z „ OT 86 L6 Lë: 28 C ——— W 
I I 12 83 28 98 ov 98 y— 896 T CJ RE el 
8 (z) 91 91 61 ez 99 29 e+ 829 2 %%% 1əddoO 
Y 8 LZ Seege g; 26 gg— Ep" ARMA OA ee un]upe) 
M M M EF A A A A „0 ——— ee RM db (094) ato ¡[A19g 
I I 65 5 8 79 8 Z $— 88 C ²̃ᷣͤůmXk::nnn... ss Luoumuv 
St gI 0T eT Y y 98 58 oo 188'8 29668 TT umarumry 
SIVLGN UAHLO 
08 91 9 JJ... 96 26 06— 2 O. Ro O eee usys3un L, 
91 12 08 62 21 II 8 01 93+ 891 (l A ee ee ee, leo 
19 99 d eege eege 001 001 LT Lë EE umuepqA[o Wi 
2 2 66 88 V 1 I 51— 188 VVV əsouvdue W 
8 St 87 SE E E E 39 8g | 77777777 31 JJ... ele ee ete Pe ee 918909 
9 01 001 oor ene ERE eee 8+ 909 „Vt... . ͤ QUE (OSCH) aguo 
9 y 01 „CCF!!! 8 06 16 8— 000881  99L'6PT "e 103u1 [9938 
o (x) (x) V 001 001 y— 181.26 888.95 uon Bid 
y y v8 J eee ES 99 69 I+ 199931 2 981 "uo Buo puesnoqy 7 7777777777777 910 got 
SIVLAN S0n0Ul 
OL6T 6961 0461 696T OLG6T 6961 0461 6961 0461 6961 
sy10d uy dee pio muemdmqs Aruld əƏZuvųə pəmseəu quequoo peuoupur pue ÁA3Ipouruioo 
Aiddns ss013 Jo 3ueo1eq Ajddns 3eu [930], | 
3ueo1ed se sj10dx'q mode 3 uo qs 9307oq "Teo Jo yuadiad se sjueuoduio:) 


(po1*1s ovra 19030 ssepun *3ueyuoo [w1əurur jo sud} 3104s PUBSNOYL) 
r Sjus:uodureo Aq “seur [edrour:d yo Ajddns 32N—gI ?[qe.L 


MINERALS YEARBOOK, 1970 


30 


*L-S 9-8 *9-S dd ‘12-1961 YEN ‘g ON “TS-2P `A ^sseurmg quem Jo ÁSAMS 'sorulouoo"g ssəutsng jo oO j jo 3uəunmIrsdəç SI :39INOS 


‘samy s[83901 Aleullid woaz gumy as 3upy9e1qns Aq parres w „S8700 ÁJBUILIO 10490 NW., z 
*s[8309 07 ppt jou Ze pus po3snfpe A[[EUOSUOS ers smd A[u1uo N 1 


*PƏSTAƏ4I : 

AAA AMARE AAA S PA, A A 
£90'€ 198'8 516.9 948.2 9897 296.7 LANZ Soe 693 E . . 
801.8 997.8 829.9 287 Z 290.2 GR. 225. 5 578.1 993,7 —— 7777777 7777777 7 C oqUISA0ON 
v90'8 DAN: 187.9 Lë LL6'T 958.7 679.7 096,1 609.7 1717.1... PEA eO 
213.8 609.8 9821.9 995.2 SOS Z 602, 7 559. Z 118. 5 996.7 OTTO ————— Deines 
888 8 898 990.4 2892 018.2 258.7 get ' Z 203'Z 102.7 EHE eee 77777"y8n3ny 
909 € 999.8 291. 209. $ 288.5 568 5 988. Z (ON: OFF > ᷣ .. . Amp 
269 € 139 € 691 2 0893 20€ 3 286.7 618.2 988.2 903.9 ))) 8 
589.8 Lët 8 190.2 079.2 PRS Z vL8 5 6LL*Z 262.8 hU d^. ee qun AA ABW 
189 € 263 € 8L6 9 GAN: 980'2 681 5 POL 096'T 582.7 JJC ĩðͤ b 
5898 980.8 099.9 669.2 876.1 279.7 IN: 68 2 566.7 JJ ß 
089 8 931 € 908 9 967 2 818, I 608.7 HL 2 812. š c ee Trenne 
68L £ 9vv € S86 L 969 2 896 1 899 5 999 998 7 ER, "E aa I 
£90 € 198'€ 516.9 ger op 862.9? 683.99 981. 18 288 92 220.49 77. dapic pb eg te 17... ' 
T9L $: 968. $ : 229.2. MAT I82 Lë: 167.89 559 08: 865 ' 92 ) ee 6961 
233 8 001 € 228.9 015,93 088, FZ 06. er 999.9 106.52 Lët "oe BEE 8961 
918 $ 759.8 610 2 998 33 180 83 868.97 120, 83 958.25 298.97 ))! 8 4961 
509 83 908 85 606 98 569 8323 988 Z$ 628 955 556 135 LOL‘ ez$ 199‘9p$ ` "EE 9961 

z Sl s 5% z S[839uu 

Axe urtid 8998 U.MNJ s][8y9u1 AIgurLId 8998 U.NJ S[e3our A1eurud S9J€UInJ SIS 

19930 ILV selg AIVUILIG 19430 [IV 38818 ÁIBUILIg 19910 IV 38H ISO qquom pus 1891 

poled jo pus 38 siəpio pejrguf) SI9plO MOU JN 1 8jueuidmqgs 
(Suomi 


sərmsnpur Surssəsoid penur D3123BDs 103 SISpIO pəl[gun pures pue ‘siapio Mou VU *sjusudrgs—' $I AQEL 


REVIEW OF THE MINERAL INDUSTRIES 


Table 15.—Index of stocks of crude minerals at mines or in hands 
of primary producers at yearend 


3 


— 


(1967 = 100) 
Metals 
Y earend Metals and Nonmetals 1 
nonmetals 1 Total Iron ore Other Nonferrous 
errous 
1989999 8 100 88 94 35 99 115 
19 8 100 100 100 100 100 100 
1968. 10th c eee zz 121 120 123 119 100 128 
19; W 118 104 106 83 107 136 
/// T 131 113 118 93 106 154 
p Preliminary. 


1 Excludes fuels. 


Table 16.—Index of stocks of mineral manufacturers, consumers, and dealers at yearend 


(1967 =100) 
Metals 
Yearend Metals and Nonmetals 1 
nonmetals 1 Total Iron Other Base Other 
ferrous nonferrous nonferrous 
1989 102 102 101 81 112 93 98 
1967_______. 100 100 100 100 100 100 100 
1968____.__._.. 8 96 96 95 109 105 78 102 
1969 A 93 93 85 103 110 74 91 
1970 »............- 108 108 93 140 128 92 99 
p Preliminary. 
1 Excludes fuels. 
Table 17.—Physical stocks of mineral energy resources and related products at yearend 
(Producers’ stocks, unless otherwise indicated) 
Fuels 1966 1967 1968 1969 1970 p 
Coal and related products: 1 
Bituminous coal and lignite ? 
short tons.. 76,808,024 95,408,000 85,525,000 80,482,000 92,275,000 
Ghee E do.... 3,078,768 „467, 532 „985,025 3, 120, 000 4, 113, 000 
Petroleum and related products: 
Carbon black. . thousand pounds 233,145 264,247 224,170 208,020 296,087 
Crude petroleum and petroleum 
products...... thousand barrels. . 881,105 944,111 999,572 980,123 1,017,861 
Crude petroleum do.... 288,391 248,970 272,193 265,227 276,36 
Natural gas liquids. ........ do- 40, 423 (3) (3) (3) 
Natural gasoline, plant condensate, 
and isopentane_thousand barrels. . (4) 5,782 5,466 Sí T, 
Gasoline do- 194,177 207 , 980 211,526 217,392 214,348 
Special naphthass do.... 5,583 5,74 5,829 ,29 6,193 
Liquefied gases do.... 4) $ 64,165 5 76,160 5 59,602 5 67,043 
Distillate fuel oil. .......... do.... 158,076 159,703 173,158 171,714 195,271 
Residual fuel oil. do- 63, 856 65, 597 67,359 58,395 53,994 
Petroleum asphalt do 17,309 19,939 20,055 16,753 15,779 
Other produets do.... 163,290 166,227 167,826 173,340 174,774 
Natural gas 555. billion cubic feet. 2,506 2,648 2,746 ,852 3,207 


» Preliminary. 


1 Series on anthracite stocks in ground storage has been discontinued. 


2 Stocks at industrial, consumer, and retail yards and on upper lake docks. 
s Now distributed among petroleum products shown below. 
4 Prior to 1967, included in natural gas liquids. 


5 Includes ethane. 
6 American Gas Association. 
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Table 18.—Seasonally adjusted book value of product inventories 
for selected mineral processing industries 


(Millions) 
Primary metals 
Petroleum Stone, clay, 
End of year or month and coal and glass Blast fur- Other 
products products nace and primary Total 
steel mills metals 1 
1966: December..................... $1,869 $1,746 $4,043 $3,066 $7,109 
1967: December....................- 1,971 1, 4,31 8,32 , 644 
1968: December..................... 2,118 2,2 4,039 3,513 7,552 
1520: December 2,274 2,483 4,312 3,740 8,052 
December 2, 589 2, 648 4,717 4, 145 8,862 
are,, u D wem ei vae qe. 2,313 2,492 4,265 3,849 8,114 
Februar 2,328 2,527 4,251 3,873 8,124 
APO A Su ss 2,345 2,585 4,858 3,896 8,254 
EA A 2,374 2,574 4,571 3,973 8,544 
BY A A y 2,414 2,573 4,589 4,020 8,609 
PT A A IA 2,446 , 558 4,608 8,990 8,598 
MI da a is 2,380 2,587 4,658 3,983 8,641 
A ee 2,422 2,626 4,726 4,012 8,738 
September... 2,417 2,658 4,669 4,065 8,734 
e ³ĩðV 8 2,461 2,684 4,747 4,119 8,866 
November 2, 555 2, 688 4,823 4,160 8,983 


1 “Other primary metals” obtained by subtracting blast furnace from primary metals figures. 


Source: U.S. De v Nao of Commerce, Office of Business Economics. Survey of Current Business. V. 47-51» 
No. 3, March 1967-71, pp S-6. 


REVIEW OF THE MINERAL INDUSTRIES 33 


Table 19.—Value of selected minerals and mineral products imported and 
exported by the United States in 1970, by commodity groups and commodities 1 


(Thousands) 
SITC code? Commodity Exports Imports 
Minerals, nonmetallic (crude): 
271 Fertilizers, crude. ..... 2.22 22 LLL 2 cllc LLL 222 cllc l o $92,121 $8,743 
273 Stone, sand and grave q 15,483 27,922 
274 Sulfur and unroasted iron ¡A A sam sasa sas 33,166 34,811 
275 Natural abrasives (including industrial diamonds). ) 36,539 50,747 
276 Other crude minerals 141,778 162,655 
Cr Er ĩ⅛ͤo⁵-mk k ĩ 3 319,088 284,878 
Metals (crude and scrap): 
281 Iron ores and concentrates... ss 67,899 479,880 
282 Iron and steel gerannt 447,368 13,551 
283 Ores and concentrates of nonferrous base metals............. 234,527 536,231 
284 Nonferrous metal serap___ dd 163,474 51,408 
285 Platinum and platinum-group metal ores and concentrates. . 24,683 18,985 
286 Uranium and thorium ores and concentrates 288 427 
q AAA A A A u aS Zaa 938,239 21,099,983 
Mineral energy resources and related products: 
321 Coal, coke, and briquets (including peat)..................- 1,044,069 17,583 
331 Petroleum, crude and partly refine UU 18,450 1,425,583 
332 Petroleum products, except chemicals 468,867 1,307,798 
341 Gas, natural and manufactured_____..........---.--_____- 62,702 293, 182 
(((( õù⁰˙rr¹iii ³¹ A A ence 1. 594, 088 3,044,146 
Chemicals: 
Inorganic chemicals: 
518 Elements, oxides, and halogen salts. ................... 286,708 306,785 
514 Other inorganic chemicals. `- -------------- -2-a 141,366 63,518 
515 Radioactive and associated materials except uranium and 
CHOY = coe ß ß 144, 798 32,179 
521 Mineral tar, crude chemicals from coal, petroleum, and natural 
A A II A A A 49,794 8,387 
o d edere 622,666 410,869 
Minerals, nonmetallic (manufactured): 
661 Lime, cement, and fabricated building materials, except glass 
and celi. cancel aa 15,107 68,579 
662 Clay and refractory construction materials 70,241 87,071 
663 Mineral manufactures, not elsewhere specified............... 79,085 30,116 
Total; PUER 164 ,433 135,766 
— —ññxñů——I— —Á—————— 
Metals (manufactured): 
671 Pig iron, spiegeleisen, sponge iron, iron and steel powder 
and shot, and ferroalloy s 80,527 76,832 
672 Iron or steel ingots and other primary form 322,273 80,041 
673 Iron or steel bars, rods, angles, shapes, and sections 117,310 485,736 
674 Iron or steel universals, plates, or abheetg 335,218 908,123 
675 Iron or steel hoops and f ouks 8 73,296 46,550 
676 Iron or steel rails and railway track construction materials 15,866 4,312 
677 Iron or steel wire (excluding wire rod) )))) 13,490 118,919 
678 Iron or steel tubes, pipes, and fittings. ..................... 225,653 849,818 
679 Iron or steel castings or forgings, unworked................. 86,471 11,042 
681 Silver, platinum, and platinum-group metals 71,333 151,065 
682 Copper and copper alloy 357,941 528,617 
688 Nickel and nickel alloys.........................-.-...... 66,631 816,906 
684 Aluminum and aluminum alloy 358,331 238,069 
685 Lead and lead less ancora 4,757 74, 543 
686 Zinc and zinc alloy 6,922 77,807 
687 Tin and tin alloyũue ss 16,425 190,380 
688 Uranium and thorium metals and alloy 86 | ........- 
689 Miscellaneous nonferrous base metals 81,448 72,580 
enee 2,233,978 23, 680, 841 
—— T 
Grand tótaäl.- . sia 5,872,492 8,656,483 


1 Data in this table are for the indicated SITC numbers only, and therefore may not correspond to the 
figures classified by commodity in the “Statistical Summary” chapter of this volume. 

2 Standard Industrial Trade Classification. 

3 Data may not add to total shown because of independent rounding. 


Source: U.S. Department of Commerce, Bureau of the Census. U.S. Imports General and Consumption. 
FT 185, December 1970, table 1. U.S. Exports, Commodity and Country. FT 410, December 1970, table 1. 
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Table 21.—Percentage distribution of imports of principal minerals and mineral 
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SITC Commodity North South Europe Asia Africa Oceania Soviet 
code ! America America bloc 3 
2718000 Phosphates, crude and apatite... 99 2 1 Ex on ae E 
2732100  Gypsum....................... 99 (3) 1 (3) SS zd E 
2743000 Sulfur 100 Ge (3) = r: 2c s: 
2752400 Natural abrasiv es 2 (3) 98 (8) (3) (8) (3) 
2762220 Graphite, natural 34 St 81 14 21 M se 
2762500 Magnesia, refractory and caustic 
calcined, and crude magnesite.. 2 X 77 7 = 1 13 
2768000 Sal 84 11 1 = 3 Ze 1 
2764000 Aateatog l.l... = (3) (3) 7 "- (3) 
2765200 Mica, including scrap. .......... (3) 29 2 60 9 se ES 
2765420 — Fivuorapngar .. . 69 1 29 De 1 Sé E 
2769300 Barite, crude. .................- 30 25 40 (3 5 ER "m 
2769500 Vr er Su MOS CERE 9 "S 72 1 Se Gë Gë 
2810000 Iron ore and concentrates 62 32 (3) (3) 2 we 
2820000 Iron and steel scrap-..-......... 99 E 1 (3) (3) A ER 
2881100 Copper ores and concentrates_... 20 28 (3 50 = 2 (š) 
2838000 ` Baute . 7 28 (3 Ls (3) es ais 
2834000 Lead ores and concentrates. __._- 57 25 (3 e (3) 18 M 
2835000 Zinc ores and concentrates. ........ 83 13 2 (3) 1 1 ae 
2886000 ‘Tin ores and concentrates. _._...- EM 100 Ka PA = Dä gn 
2837000 Manganese ores and concentrates. 3 34 2 4 53 4 = 
2889100 Chrome ores..................- ze e 23 19 15 2d 48 
889200 Tungsten ores and concentrates.. 95 5 ES E E Së ae 
2839310 Tantalum, molybdenum, and 
vanadium ores and concen- 
| (AO is sra 51 22 7 1 18 1 us 
0 ) Titanium ores and concentrates. . 2 p D - 7 91 = 
2889840 Zirconium ore 3 e 5 = 4 88 Sá 
2889910 Antimony ores and needles. _ _ __ _ 18 36 (3) (š) 46 = =: 
2839920 Beryllium ores and concentrates..  .. 79 1 Sa 18 2 (3) 
2889980 Columbium ores and concentrates. 15 56 6 3 20 TS = 
2840200 Copper waste and scrap......... 92 2 6 P E e ER 
2840300 Nickel waste and scrap.......... 80 Ge 20 (3) A (3) B 
2840400 Aluminum waste and scrap. ....- 82 a 15 1 NA m 2 
2840500 Magnesium waste and eeran 41 EE 40 10 7 2 z 
2840600 Lead waste and scrap........... 97 ER 3 =š E - = 
2840700 Zinc waste and scra 100 Es (3) is E a s 
2840900 Tin waste and scrap. ........... 92 ER = 2 = 6 ae 
28501401 Platinum-group metals, gres, 
2850240 concentrates, and waste 28 4 29 23 7 9 Se 
2860000 Thorium ores and concentrates...  .. 2 E 41 ee 59 oe 
8214000 
8218000} Coal, coke, and briquetes........ 81 Ge 19 (3) d us 2e 
8219000 
8310000 Petroleum, crude and partly 
refined___ clues A 52 28 1 12 7 (3) ae 
3320000 Petroleum products, except 
chemicals.................... 47 42 9 1 (3) (3) 1 
8410000 Gases, natural and manufactured. 98 1 (3) (3) 1 in e 
5132500 Mercury, including waste and 
rr 83 (3) 17 ae - "P ES 
5186500  Alumina......................- 37 14 4 3 id 42 SE 
5210000 Mineral tar and crude chemicals 
from coal, petroleum, and 
natural gasss -m 14 b 82 2 T au 2 
5613000 Potassic fertilizers and fertilizer 
materials E 3 2 1 oe ae 


1 Standard International Trade Classification. 
2 U.S.S.R., Bulgaria, East Germany, Albania, Czechoslovakia, Hungary, Poland, Romania, mainland China, 


North K 


orea, North Vietnam, and Yugoslavia. 


Less than 3% unit. 
Source: U.S. Department of Commerce, Bureau of the Census. U.S. Imports, FT135, December 1970, 
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Table 23.—Electrical energy sales to ultimate consumers 
(Million kilowatt-hours) 
Total Industrial Total Industrial 
consump- Residential and consump- Residential an 
Region tion commercial tion commercial 
1966 1967 
New England 40,184 13,883 24,877 43,361 15,437 26,496 
Middle Atlantic...............- 156,302 42,088 104,153 164,125 45,410 108,184 
East North-Central............. 207,521 51,005 142,858 219,554 61,238 149,630 
West North-Central............ 66,030 25,303 38,579 71,481 27,188 41,950 
South Atlantic 148,757 50,920 92,723 161,567 55,692 99,916 
East South-Central............. 112,594 29,589 81,463 115,851 81,166 83,027 
West South-Central............. 102,760 29,753 68,071 113,125 32,739 74,872 
Mountain... 47,198 12,313 83,100 49,342 13,157 33,774 
Pacific. rcu ee tuz 154,302 44 , 502 103,093 164,998 48,210 108 , 502 
Alaska and Hawaii 3,834 1,216 088 , 619 1,338 2,184 
Total United States 1,038,982 306,572 690,955 1,107,023 331,525 728,585 
| 1968 1969 
New England.................. 47,386 16,970 28,946 51,373 18,789 31,040 
Middle Atlantic 176,158 49,8 115,301 190, 582 54,40 124,633 
East North-Central............. 238,138 67,080 161,679 256,212 73,409 172,953 
West North-Central. ........... 77,624 29,644 45,375 84,125 32,436 48,909 
South Atlantic 180, 463 63 , 790 109, 589 199,257 72,258 118,360 
East South-Central.............- 122,608 36,033 84,770 129,601 39,331 88,308 
West South-Central............. 126,160 87,070 83,202 141,610 43,068 92,037 
Mountain 53,157 14,164 36,513 59,067 15,700 40,638 
|4 top MERE RT. 176,682 51,640 116,230 190,979 56,940 124,373 
Alaska and Hawaii 3,945 1,447 380 4,372 1,591 : 
Total United States....... 1,202,321 867,692 783,985 1,307,178 ` 407,922 843,906 


Source: Edison Electric Institute. Statistical Yearbook of the Electrical Utility Industry. 1966 through 1969. 


T'able 24.—Total employment in selected mineral industries 


(Thousands) 
1966 
E MINING 
Metals: | 
I/. ³ðVAſͥ ³ĩð—ͤ ⁰ E E LE 26.3 
pp» 31.7 
o 20-2259 xni eH EE E 86.5 
Nonmetal mining and quarrying....................... 120.8 
Fuels: 
Bituminous. ß oe ae ee ees 129.9 
Other C0al EE 7.8 
Crude pe rorun and natural gas fields 152.4 
Oil an gas field services 127.4 
Total- RS dd d t EE 417.5 
Total Mining -uccoenaonarinnarcrr rara 624.8 
MANUFACTURING 
Minerals: 
Fertilizers, complete and mixing only FFC 40.7 
Cement, hydraulic___..........-.._...-_.---.-.-.- 38.0 
Blast furnaces, steelworks, and rolling mills......... 571.3 
Nonferrous smelting and refining Se 78.1 
(yo: cosacos | 728.1 
Fuels: BE" 
Petroleum refining.............---..-......-....-- 149.6 
Other petroleum ana coal products: aaa e 
... ³ð A 186. 0 
Total manufacturing 914.1 


1 Includes other metal mining not shown separately y. 


1967 


2 
o LU *. 
Cr | COC 


bech 
> 

e I . © 

loa | 3030 


152.8 
36 
189.4 
895.1 


1968 


186. 


894. 


core | wa 


eo || ©] amio 


183.8 
908.6 


? Standard Industrial Classification 295, páving and roofiing materials, included in total. 
Source: U.S. Department of Labor, Bureau of Labor Statistics. ¿Em loyment and Earnings Statistics for the 


United States, 1909-1967. Bull. 1812-5, October 1967, 851 p 
No. 9, March 1970, table B-2; v. 17, No. 9 


„March 197 1, table gp 


ployment and Earnings Statistics. V. 16, 
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Table 25.—Average hours and gross earnings of production and related workers 
in the mineral and mineral fuels industries 


1966 1967 1968 1969 1970 
MINING 
Metals: 
Iron ores: 
Weekly earnings................... $138.09 $138.60 $144.70 $153.18 $162.99 
Weekly hours P MH 42.1 42.0 41.7 41.4 41.9 
Hourly earnings..................- $3.28 $3.30 $3.47 $3.70 $3.89 
Copper ores: 
eekly earnings....... 55 $140.07 $140.51 $162.37 $169. 00 ns 67 
Weekly hours - 43.5 43.1 47.2 46.3 44.7 
e rigid earnings 33.22 33.26 33.44 $3.65 $3.93 
ota 
Weekly earnings $133.77 $136.83 $148.77 $157.61 $165.68 
Weekly hours 42.2 42.1' 43.5 43.3 42.7 
Hourly earnings $3.17 $3.25 $3.42 $3.64 $3.88 
Nonmetallic mining and quarrying: ` 
Weekly earnings $123.39 $128.65 $136.35 $149.44 Wer A 
Weekly hours. .......................- 45.7 45.3 45.0 45.7 
mi 1 p . . . enc . ...-.-- $2.70 $2.84 $3.03 $3.27 $3: 48 
ü | 
Total coal mining: 
Weekly earnings $145.95 $150.93 $151.59 $165.95 $183.96 
Weekly hours 240.8 240.5 239.7 40.0 40.7 
Hourly earnings 2 $3.62 2 $3.72 2 $3.80 $4.17 $4.52 
Bituminous coal: | 
Weekly earnings $148.44 $153.09 $153.16 $168.46 $136. 46 
Weekly hours 240.6 240.7 239.8 40.2 40.8 
Hourly earnings..................- 1 $3.65 2 $3.75 2 $3.83 $4.21 $4.57 
Crude petroleum and natural gas: 
Weekly earnings $122.69 $130.66 $137.71 $147.19 $155.88 
Weekly hours - 42. 6 42.7 42.9 41.0 40.7 
Hourly earnings EA OE AAA $2.88 $3.06 $3.21 $3.59 $3.83 
Total fuels: 3 
Weekly earnings $131.55 $138.83 $143.08 $155.97 $166.35 
Weekly hours 41.7 41.8 41.7 42.4 42.1 
Hourly earnings $3.16 $3.33 $3.44 $3.70 $3.97 
Total mining: ? | 
Weekly earoingng $127.73 $131.85 $141.35 $152.98 $160.07 
Weekly hours 44.2 44.0 44.4 44.7 44.8 
Hourly earnings $2.90 $3.00 $3.18 $3.43 $3.66 
MANUFACTURING 
Een complete and mixing only: 
eekly earnings $101.88 $104.98 5108.97 3116.14 $123.68 
Weekly ¡A uu c fe ie eee esse Gud 43.7 43.2 42.4 42.7 42.5 
Hourly earnings $2.32 $2.43 $2.57 $2.72 $2.91 
Cement, hydraulic: 
Weekly earnings $132.61 $133.40 $144.35 $155.87 $176.81 
Weekly hours 41.7 41.3 41.6 41.9 41.8 
Hourly earnings $3.18 $3.23 $3.47 $3.72 $4.23 
Blast furnaces, steel, and rolling mills: 
Weekly earnings $145.71 $145.16 $155.86 $168.51 $168.38 
Weekly hours 40.7 40.1 40.8 41.2 89.9 
Hourly earnings $3.58 $3.62 $3.82 $4.09 $4 .22 
Nonferrous smelting and refining: 
Weekly earnings $129.98 $134.30 $144.08 $151.79 $157.63 
Weekly hours. .......................- 42.2 42.1 42.6 42.4 41.7 
Hourly earnings $3.08 $3.19 $3.39 $3.58 $3.78 
Petroleum refining and related industries: 
Weekly earnings....................... $144.58 $152.87 $159.38 $170.83 $182.33 
Weekly hours 42.4 42.7 42.5 42.6 42.7 
Hourly earnings $3.41 $3.58 $3.75 $4.01 $4.27 
Petroleum i refining: 
Weekly earnings $151.56. $159.09 $166.27 $178.08 $189.93 
Weekly hours. 42.1 42.2 42.2 42.1 42.3 
Hourly earnings............... $3.60 $3.77 $3.94 $4.23 $4.49 
Other petroleum and coal products: 
eekly earnings............... $120.22 $129.51 $135.91 $147.19 $157.52 
Weekly hours. 43.4 44.2 |: 43.7 44.2 44.0 
Hourly earnings 3 32.77 $2.93 $3.11 $3.33 $3.58 
Total manufacturing: š 
Weekly earnings...................-..- $141.83 $142.96 $153.76 M 48 $168.76 
Weekly bourg... 41.2 40.9 41.3 41.6 40.5 


Hourly earning --------------------- $3.44 $3.51 $3.74 $3.99 $4.16 


1 Includes other metal mining not shown. 
2 11-month average. 
3 Weighted average of data computed using figures for production workers as weights. 


Source: U.S. Department of Labor, Bureau of Labor Statistics. Employment and Earnings for the United 
States 1909-1967. Bull. 1312-5, October 1967, 852 pp. Employment and Earnings. V. 15, No. 9, March 1969, 
v. 16, No. 9, March 1970, and v. 17, No. 9, March 1971, table C-2. 
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Table 26.—Average labor-turnover rates in selected mineral industries 1 
(Per thousand employees) 


Blast Petro- 
fur- Non- eum 
Manu- Cement, naces, ferrous Metal Iron Copper refining Petro- Coal 
Rates and year factur- hy- steel smelting mining ores ores and leum mining 
ing draulic and and related refining 
rolling refining indus- 
mills tries 2 
Total accession 
rate: 
1968........ 46 28 30 85 34 28 29 24 18 18 
1969........ 47 24 33 34 38 4 32 6 17 20 
yl AMA 40 21 27 26 38 31 37 23 16 21 
Total separation 
rate: 
1968........ 46 25 35 30 35 36 27 24 17 17 
1969. 49 24 28 33 83 81 24 26 17 18 
1970. 48 32 33 30 37 36 29 26 18 16 
Layoff rate: 
19688. 12 10 14 3 8 18 5 6 4 5 
1969. 12 7 4 3 3 8 1 4 3 3 
1970 ᷣ — 18 16 12 5 6 15 1 7 5 2 


1 Monthly rates are available in Employment and Earnings as indicated in source. 
2 Standard Industrial Classification 295, paving and roofing materials, included in total. 


Source: U.S. Department of Labor, Bureau of Labor Statistics. Employment and Earnings. V. 15, No. 10, 
April 1969; v. 16, No. 9, March 1970; and v. 17, No. 9, March 1971, table D-2. 


Table 27.— Wages, salaries, and average annual earnings in the United States 


Percent change 


1968 1969 19709»  ————————————— 
1968-69 1969-70 
Wages and salaries: 

All industries, total millions.. 1 $464,862 3509, 575 $541,400 +9.6 +6.2 
Mining: coa 0...- I 5,387 ; +10.5 +8.1 
Man acturing 53 do 145, 874 157, 562 158,314 ＋8. 0 ＋. 5 

Average earnin e per full-time employee: 
ll indust r r 6,657 7,095 7, 564 +6.6 +6.6 
Mining JJ n! 7,964 8,619 9,262 +8.2 +7.5 
Manufacturing 7,347 7.775 8,150 +5.8 +4.8 


» Preliminary. r Revised. 


Source: U.S. Department of Commerce, Office of Business Economics. Survey of Current Business. V. 51, 
No. 7, July 1971, table 6. 
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Table 28.—Labor-productivity indexes for selected minerals 
(1957-59 =100) 


Copper, crude ore mined per— Iron, crude ore mined per— 
Year Production Production Production Production 
Employee worker worker Employee worker worker 
man-hour man-hour 
e oe as 146.0 136.1 129.1 183.0 176.9 162.6 
hh. 148.2 138.6 131.1 186.6 183.1 163.5 
EEN 126.5 129.3 123.7 190.8 188.2 168.4 
193888 es 152.8 154.9 135.7 206.5 205.4 185.2 
6 ⁵⁰ 168. 0 161.8 143.9 215.5 217.1 197.1 
Copper, recoverable metal mined per— Iron, usable ore mined per— 
Production Production Production Production 
Employee worker worker Employee worker worker 
man-hour man-hour 
pope 135.3 126.2 119.6 143.2 138.5 127.3 
AAA 2 et 134.8 126.0 119.2 147.0 144.3 128.9 
%%/»Ü⁵³ 8 112.5 115.0 110.0 139.5 137.5 123.1 
/// AAA ees eee 127.9 129.6 113.6 144.2 148.5 129.4 
1969 ARA 8 137.4 132.5 117.8 146.5 147.6 134.0 
Petroleum, refined per— Bituminous coal and lignite 
mined per— 
Production Production Production Production 
Employee worker worker Employee worker worker 
man-hour man-hour 
1965 ees Se eos 163.7 166.8 167.3 176.7 176.5 154.2 
19664622 AA 177.2 180.9 180.4 187.3 188.8 162.5 
E A 183.9 189.6 185.1 190.4 191.6 r 165.8 
EE 192.7 200.0 194.0 195.9 198.7 173.9 
EE ³ 205.9 222.2 215.6 195.2 197.7 174.2 


p Preliminary. r Revised. 


Source: U.S. Department of Labor, Bureau of Labor Statistics. Index of Output per Man-hour Selected 
Industries 1939 and 1947-69. BLS Bull. 1680, 1970, 112 pp. 


Table 29.—Index of average unit mine value of minerals produced 1966-70 


(1967 =100) 
1966 1967 1968 1969 1970 p 
METALS 

POMPOUS RA II oboe 95.7 100.0 102.0 104.1 109.4 

Nonferrous: 
UC EO 98.9 100.0 106.3 119.8 141.5 
Monetary... /// 91.6 100.0 125.4 118.0 109.2 
013,1. A ˙ ä Ee 106.7 100. 0 100. 8 95.4 129.2 
Average EE EE 99.6 100.0 107.4 115.0 135.7 
Average, all metals 97.5 100.0 104.5 109.1 121.5 
— — — sm — y A A A ——— ¿  ¿—¿ ¿ ͤ——— ———M——M————— 

NONMETALS 
Construction 98.2 100. 0 101.5 103.5 107.8 
rr ³·¹Ü A A 95.6 100.0 102.9 97.9 87.3 
OUNCE A MA O y 94.5 100.0 108.3 111.2 108.6 
AVOraga. s A 97.4 100.0 101.9 102.6 103.2 
— — rn M 
FUELS 

S /õö— ³]˙·¾nꝙqu mm, mn a da EEN 98.1 100. 0 101.3 108.0 134.2 
Crude oil and natural gas 98.8 100.0 101.4 107.9 106.3 
KENE 98.5 100.0 100.4 106.1 109.9 
EE 
Overall average 98.2 100.0 101.1 105.6 109.3 


p Preliminary. 
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Table 30.—Index of implicit unit value of minerals produced 


(1967 =100) 
1966 1967 1968 1969 1970 » 
METALS 

e WEE 95.7 100.0 101.9 104.1 109.1 

Nonferrous: 
DIC pO ⁰⅛·¾ m. ] A eee ee 96.8 100.0 106.7 120.4 143.4 
Monetary- / 91.4 100.0 125.1 118.0 109.5 
MER ebe 105.1 100.0 100. 4 95.6 129.7 
CEET 97.1 100.0 107.2 117.7 139.8 
— F 
Average, all metals 96.5 100.0 105.0 112.4 128.7 

NONMETALS 
Constructioůo nn 98.1 100. 0 101.0 103.0 107.2 
Chemical) oi a iia 95.4 100.0 102.4 97.8 87.4 
)))) ³˙ AAA a S ewe 94.8 100.0 97.5 111.0 108.9 
T-S- e: Y RA 97.3 100.0 101.4 102.3 103.0 
FUELS I 

y Laut A AA 98.1 100.0 101.2 108.0 184.2 
Crude oil and natural gas 98.8 100.0 101.4 107.9 106.3 
MI 98.5 100.0 100.4 106.0 109.8 
zonrn 
Overall average 98.0 100.0 101.1 105.9 110.5 


p Preliminary. 


Table 31.—Price indexes for selected metals, minerals, and fuels 
| (1967 = 100 unless otherwise stated) 


Annual average Percent 
Commodity — — — — Change 
1969 1970 from 
1969 
Metals and metal produets %% 8 108. 5 116.7 47.6 
II ³ ⁰¹wwm]y dg y ʒ Su 107.0 115.1 +7.6 
J On EE 98.1 100.1 4+2.0 
Iron and steel scra zzz 110.8 138.9 +25.4 
Semifinished steel products. ooo coco 107.0 112.2 +4.9 
Finished steel products__....__._._....._.-._....-.-.------------- 107.3 114.2 +6.4 
Foundry and forge shop products___.........-.-.----------------- 106.1 112.1 +5.7 
Pig iron and ferroalloys____.__.._........_._-...--.-.--_--------.- 102.1 114.6 +12.2 
Nonferrous metals 113.5 125.0 +10.1 
Primary metal refinery shapes 114.2 128.1 +12.2 
Aluminum ingot_-.... eee eee 108.4 115.2 +6.3 
Lead, pig, common 106.5 112.1 +5.3 
Zinc, slab, prime western- oo. 105.5 110.8 +4.5 
Nonferrous A 127.4 124.8 —2.0 
Nonmetallic mineral products 107.7 113.3 5.2 
Concrete ingredients. ......... LLL LL ccc ccs c coco 106.7 114.6 Lg 4 
Sand, gravel, and crushed sto᷑e sss 107.8 113.5 +5.3 
Structural clay products 106.2 109.8 +3.4 
Gypsum products. coco 103.6 100.0 —3.5 
Other nonmetallic minerals 107.0 112.2 +4.9 
Building lime 105.3 110.5 +4.9 
Insulation materials „„ 115.4 123.1 +6.7 
Bituminous binders Lo 101.0 104.1 +8.1 
Fertilizer materials „„ 79.2 74.9 —5.4 
Nitrogengtea eee „ 72.0 69.3 —3.7 
PROSP AA 92.2 80.0 —13.2 
Phosphate roceekkkakkk kd 100. 0 89.9 — 10.1 
z ß . u EE 69.1 97.7 +41.4 
Muriate, domest ie 66.1 96.3 +45.7 
Dk ³ð iia 84.2 104.4 +24.0 
Fuels and related products and poger 100.9 105.9 +5.0 
EE 7) 8 112.6 150.0 +33.2 
S ³O¹ dd ĩð: my 8 117. 0 131.3 +12.2 
Bituminou s 112.3 151.5 +34.9 
(ORB. So ⁰⁵˙¹.dw e y Meet a 108.9 127.4 +17.0 
Gas fuels iii O O O 2 O OO O LLL LLL LL r 124.7 138.1 +10.7 
Electric power)... r 102.5 105.5 +2.9 
Petroleum products, refined 99.6 101.1 +1.5 
Crude petroleum. 105.2 106.1 +.9 
All commodities other than farm and fool 106.0 110.0 +3.8 
All commodities.... .... .:.........- EECHER 106.5 110.4 +3.7 
r Revised. 
1 January 1958 =100. 


Source: l. Department of Labor, Bureau of Labor Statistics. Wholesale Prices and Price Indexes. January- 
December 1970, tables 2 and 2-A; January 1971, tables 4 and 6-A, and pp. 106-107 for rebasing data. 
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Table 32.—Comparative mineral energy resource prices 


Fuel 1968 1969 1970 


Bituminous coal: Average prices, cost of coal at merchant coke ovens : 
dollars per net ton.. $10.58 $10.75 $12.28 
Anthracite, average sales realization per net ton at preparation plants, ex- | | 
cluding dredge coal: 


hh; ⁰³ AAA dollars 13.02 14. 12 15.67 

Pea C pst cies AS T 8 do.... 10.80 12.14 13.87 

Buckwheat, No esee E rare do.... 10.13 11.53 13.26 

Petroleum and petroleum products: j 

GE 1 average price per barrel at well............. do- 2.94 3.09 3.18 

line, average dealers” net price (excluding taxes) of gasoline in 
55 U. JJ ³⅛ðAð⁵³?² m cabe cents per gallon. - 16.51 17.11 17.68 
Residual fuel oil: 

No. 6 fuel, maximum 1 percent sulfur, at Philadelphia 1 ! 

dollars per barrel (refinery)... 2.88 2.82 3.16 

Bunker C, average price for all Gulf Port? oe oe do 1.67 1.47 2.44 


Distillate fuel oil: 
No. 2 distillate, average of high and low prices at Philadelphia 


cents per gallon (refinery). - 10.90 10.90 11.08 
No. 2 distillate, average price for all Gulf ports 11 do- 9.40 9.24 9.41 

Natural gas: 

Average U.S. value at well... cents per thousand cubic feet. 16.4 16.7 17.1 
Average U.S. value at point of consumption. . do 50. A 51.5 53.6 
1 Platt's Oil Price Handbook. 
Table 33.—Cost of fuel in steam-electrical power generation 
(Cents per million Btu) 
| 1967 1968 1969 
Region ——z——  . —ä4ä—Uä— — —ä—dyfô e ——f. 
Coal Oil Gas Coal Oil Gas Coal Oil Gas 

New England 34.3 30. 5 32.2 34.3 29.4 82.0 36.9 28.3 93.7 
Middle Atlantic.......... 27.8 33.2 85.4 28.3 85.0 85.8 30.0 83.6 35.6 
East North Central....... 24.7 62.9 26.7 25.2 64.6 28.0 26.4 62.0 31.6 
West North Central 25.6 51.6 24.0 25.1 52.6 24.5 26.2 51.8 24.9 
South Atlantic 26.6 82.5 81.7 27.0 32.3 81.6 28.4 80.4 31.6 
East South Central....... 20.1 53.2 23.4 20.1 55.2 23.9 21.1 51.1 24.3 
West South Central....... ...... 42.4 19.9 21.5 88.2 20.1 31.1 36.9 20.5 
Mountain 20.1 26.1 26.2 20.4 26.8 25.9 20.6 27.3 27.3 
Patria sas. mee 31.4 30.8 ...... 82.0 30.7 .....- 84.5 81.2 
United States...... 25.2 92.2 24.7 25.5 32.8 25.1 26.6 31.9 25.4 


Source: National Coal Association. Steam-Electric Plant Factors. 1967 through 1969, table 2. 


Table 34.—Cost of electrical energy 
(Cents per kilowatt hour) 


1967 | 1968 1969 

Com- Com- Com- 

Region Resi- mercial Resi- mercial Resi- mercial 

Total dential and Total dential and Total dential and. 

ü indus- indus- indus- 

trial trial trial 
New England __. 2.3 2.9 1.9 2.2 2.7 1.9 2.2 2.6 1.8 
Middle Atlantic 1.8 2.6 1.5 1.9 2.6 1.5 1.8 2.5 1.5 
East North-Central....... 1.6 2.4 1.3 1.6 2.3 1.3 1.6 2.3 1.4 
West North-Central...... 2.0 2.5 1.7 1.9 2.4 1.6 1.9 2.4 1.6 
South Atlantic 1.6 2.0 1.3 1.5 2.0 1.3 1.5 1.9 1.3 
East South-Central....... .9 1.3 ae | .9 1.3 .8 1.0 1.3 .8 
West South-Central.. ESA 1.5 2.3 1.2 1.5 2.2 1.2 1.5 2.2 1.2 
ountain:..............- 1.5 2.2 1.3 1.5 2.2 1.2 1.5 2.1 1.2 
Pacific... 1.2 1.7 1.0 1.2 1.7 1.0 1.2 1.6 1.0 
Alaska and Hawaii 2.5 2.9 2.2 2.4 2.9 2.2 2.4 2.8 2.1 
United States. NS 1.6 2.2 1.8 1.5 2.1 1.3 1.5 2.1 1.8 


Source: Edison Electric Institute. Statistical Yearbook of the Electric Utilities Industry. 1967 through 1969. 
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Table 35.—Price index of principal metal mining expenses 1 
(1957-59 =100) 


Year Total Labor Supplies Fuel Electrical 
energy 
A ³ A 8 104 103 105 101 100 
11d... ⁵ 109 111 107 104 101 
133; PE 110 113 109 102 102 
19999 ³ð˙ww. 114 116 113 105 103 
r A ei tee ene 119 122 118 110 106 


p Preliminary. 

1 Indexes constructed using the following weights derived from the 1963 Census of Mineral Industries: Labor, 
54.11; explosives, 2.35; steel mill shapes and forms, 6.40; all other supplies, 26.75; fuels, 4.86; electric energy, 
5.53; and data from U.S. Department of Labor, Bureau of Labor Statistics, Wholesale Prices and Price Indexes. 
EE is computed for iron and copper ores only because sufficient data are not available for other mining 
sectors. 


Table 36.—Index of major input expenses for bituminous coal and crude petroleum 
and natural gas mining 1 
(1957-59 =100) 


Bituminous Crude Bituminous Crude 
Year coal petroleum and Year coal petroleum and 
natural gas natural gas 
1988 8 86 100 1969 DT NA NA 
1961... seis uu 87 100 1970- 222 sus 2 S NA NA 
196898öÜ 88 NA NA 


NA Not available. 

1 Indexes constructed by using data from the U.S. Department of Labor, Bureau of Labor Statistics, Whole- 
sale Prices and Price Indexes, annual and monthly, and weights derived from data shown in the 1963 Census 
of Mineral Industries, U.S. Department of Commerce, Bureau of the Census. Weights used are as follows: 
Bituminous coal—labor, 62.98; explosives, 1.77; steel mill shapes and forms, 3.88; all other supplies, 24.92; 
deg 1555 vid energy, 4.69; crude petroleum and natural gas—labor, 46.3; fuel, 2.6; electric energy, 3.5; 
and all other 47.6. 


Table 37.—Indexes of relative costs and productivity for iron ore, copper, 
bituminous coal, and petroleum mining 1 


(1957-59 = 100) 
Year Iron ore ? Copper 2 Bituminous coal Petroleum 


INDEX OF LABOR COSTS PER UNIT OF OUTPUT 


A arias 93 112 75 94 
J; 8 97 123 77 93 
JJ) A secet uu a 98 126 NA NA 
1199. 101 129 NA NA 
1970 Pociones ( 108 134 NA NA 
INDEX OF VALUE OF PRODUCT PER MAN-PERIOD 
% ͤ V8 120 148 151 136 
Ee 115 146 163 147 
19. 121 165 NA NA 
J A 125 194 NA NA 
1910.9. 25 A 126 245 NA NA 
INDEX OF LABOR COSTS PER DOLLAR OF PRODUCT 
f 8 100 91 82 98 
Eeer 105 93 79 95 
. ĩð dde 105 87 NA NA 
98; 88 108 78 NA NA 
AA ͤ 113 67 NA NA 


» Preliminary. NA Not available. 

1 Index of labor costs per unit of output: Iron ore and copper indexes are computed from data found in U.S. 
Department of Labor, Employment and Earnings and Wholesale Price Indexes. Bituminous coal index based 
upon net tons per man per day (see chapter on Bituminous Coal) and index of average earnings derived from 
Bureau of Labor Statistics data on hourly earnings; petroleum index based on barrels per year (see chapter on 
Petroleum) and Bureau of Employment Security data on total wages in petroleum production. 

Index of value of product A asd man-period: Iron ore and copper indexes are computed from data found in 
U.S. Department of Labor, Employment and Earnings and Wholesale Price Indexes. Bituminous coal index 
based on net tons per man per day and mine value of production; petroleum index based on average employ- 
ment and total value of production. 

Index of labor costs per dollar of product: Iron ore and copper indexes are computed from data found in U.S. 
Department of Labor, Employment and Earnings and Wholesale Price Indexes. Bituminous coal index based 
on index of value per man per day and index of average earnings; petroleum index based on total value of 
production and total wages. 

2 Indexes are for recoverable metal. 
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Table 38.—Price indexes for selected cost items in minerals and mineral fuels production 
(1967 =100, unless otherwise specified) 


1970 Change Annual average Change 
Commodity ——————————— frm  —rmh'. from 
January December January 1969 1970 1969 
(percent) (percent) 
CCC a 121.4 175.8 +44.8 112.6 150.0 +38.2 
CONG IA AA AA 113.3 145.9 +28.8 108.9 127.4 +17.0 
Gas fuels (January 1958 1000) 132.4 143.7 +8.5 1124.7 138.1 +10.7 
Petroleum products, refined................- 98.8 107.5 +8.8 99.6 101.1 +1.5 
Industrial chemicals. ....................- 100.5 101.4 +.9 100.3 100.9 6 
C AA y eee 117.1 111.1 —5.1 131.6 113.7 —13.6 
Explosives..................-.--. - 2l... . 2. 105.4 106.9 +1.4 104.1 106.1 +1.9 
Construction machinery and equipment 113.8 119.6 +5.1 110.4 115.5 +4.6 


r Revised. 


Source: U.S. Department of Labor, Bureau of Labor Statistics. Wholesale Prices and Price Indexes, March 
and December 1970, table 2; January 1971, table 6-A, January-December 1970 issues, table 2, used to figure 
annual average for explosives. 


Table 39.—Price indexes for mining, construction, and material handling machinery 
and equipment 


(1967 =100) 
Con- Mining Power  Special- 
struction machin-  Oilfield cranes, ized Portable Scrapers Mixers, "Tractors 

Year machin- eryand  machin- drag- con- air com- and pavers, other 
ery and equip-  ery and lines, struction pressors graders spreaders, than 
equip- ment tools shovels, machin- etc. farm 

ment etc. ery 
1966_....-.-...-- 96.5 97.1 96.5 96.7 97.9 99.2 97.5 96.3 95.8 
0 8 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
1988. 105.7 103.4 106.4 104.9 105.2 97.0 105.3 104.4 106.8 
1969__..........- 110.4 106.6 112.7 109.0 110.2 91.8 110.1 109.1 112.5 
9000 115.5 110.5 118.4 114.0 117.4 93.7 115.2 116.0 116.7 


Source: U.S. Department of Labor, Bureau of Labor Statistics. Wholesale Prices and Price Indexes. January 
1971, table 6-A, and in previous years, table 2-A. 


Table 40.—National income originated in the mineral industries 


Income, millions Change 
Industry — —ͤ——äb r Tromm 1969 
1968 1969 1970 p (percent) 
Mining oscuro odias $6,702 $6,781 $7, 448 +9.8 
etal mining 888 973 113 +14.4 
Coal mining 1,429 1,513 1,944 +28.5 
Crude petroleum and natural gas 3,153 3,045 3,140 +3.1 
Mining and quarrying of nonmetallic 
minerals 1.282 1,250 1,251 +.1 
Manufacturing 212, 672 221,947 217,735 —1.9 
Chemicals and allied products....... . 15,614 16,023 16,113 +.6 
Petroleum refining and related in- 
dus tries 6, 680 6,359 6,357 — (1) 
Stone, clay, and glass produets 6,329 6,936 6,920 —.2 
Primary metal industries 15,871 16,366 16,209 —1.0 
All industries... ....................-. 711,140 763,660 795,887 +4.2 


p Preliminary. 
1 Less than 1⁄4 unit. 


Source: U.S. Department of Commerce, Office of Business Economics. Survey of Current Business. V. 51, 
No. 7, July 1971, table 1.12. 
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Table 41.—Annual average profit rates on shareholders! equity, after taxes, and total 
dividends, selected mineral manufacturing corporations 


Annual profit raté (percent) Total dividends (millions) 
Industry | Change Change 
1969 1970 from 1969 1969 1970 from 1969 
(percent) 
All manufacturing 111. 11.5 9.3 —2.2 $15,058 $16,070 -F0.1 
Primary metals 9.5 7.0 —2.5 1,195 1,197 + .2 
Primary iron and steel. 7.6 4.3 —3.3 61 596 —3.1 
Primary nonferrous metals. 12.2 10.7 —1.5 579 602 +4.0 
Stone, clay, and glass products_ 9.2 6.9 —2.3 352 342 —2.8 
Chemicals and allied products.. 12.8 11.6 —1.3 1,890 1,925 +1.9 
Petroleum refining and related 
industries 11.7 11.0 —.7 3,082 3,177 +3.1 
Petroleum refining......... 11.7 11.0 —.7 3,076 3,159 +2.7 


1 Except newspapers. 


Source: Federal Trade Commission, Securities and Exchange Commission, Quarterly Financial Report for 
Manufacturing Corporations, 1st Quarter and 4th Quarter, 1970, tables 4 and 8. 


Table 42.—Industrial and commercial failutes and liabilities in mining 
and manufacturing 


Industry 1968 1969 1970 

Mining: 1 

Number of failures . 57 84 54 

Current liabilit ies thousands $28,773 $15,104 $59,046 
Manufacturing: 

Number of failuree ss 1,456 1,459 1,981 

Current liabilities..._........-... thousands.. $262 ,927 $391,346 $758 , 795 
All industrial and commercial industries: f 

Number of failure s 9,636 9,154 10,748 

Current liabilities. ............. thousands.. $940,996 $1,142,113 $1,887 , 754 


i Including fuels. 


Source: Dun & Bradstreet, Inc., Business Economics Department. Monthly Failure Report, K-12, No. 
12, Jan. 27, 1971, 4 pp. 


Table 43.—Expenditures for new plant and equipment by firms in 
mining and selected mineral manufacturing industries 


(Billions) 

Industry 1968 1969 1970 

Mining dictara es $1.63 $1.86 $1.89 
Manufacturing: 

Primary iron and steel 2.00 1.88 1.68 

Primary nonferrous metals 1.09 1.10 1.24 

Stone, clay, and glass products____._._____-- .86 1.07 . 99 

Chemical and allied products. .............. 2.83 3.10 3.44 

Petroleum and coal products. ............... 5.25 5.63 5.62 


All manufacturing 28.37 31.68 31.95 


1 Including fuels. 


Source: U.S. Department of Commerce, Office of Business Economics. Survey of Current Businéss. V. 50, 
No. 1, January 1970, p. 29, table 1; v. 51, No. 3, March 1971, p. 20, table 6. ` 
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Table 44.—Plant and equipment expenditures of foreign affiliates of U.S. 
companies by area and industry 


(Millions) 
| 1968 l 1969 1970 1 

Area and —— n .O HÓ— ái M! i a as pCs--5 

country Mining Petro- Manu- Mining Petro- Manu- Mining  Petro- Manu- 

and leum factur- and leum factur- and leum factur- 

smelting ing smelting ing smelting ing 

Canada........ $340 $669 r $854 $340 $629 $1,036 $429 $1742 $1,310 
Latin America. . 456 r 405 r 575 497 511 602 489 571 770 
Europe 10 r 851 2,012 11 876 2, 539 11 1,045 3,848 
All other areas. . r230 r1,386 r 749 284 1,634 784 422 1,636 1,114 


Total?... r1,035 r3,311 4,191 1,131 3,650 4,960 1,351 3,994 7,042 


r Revised. 
1 Estimated in June 1970. 
2 Data may not add to totals shown because of independent rounding. 


Source: U.S. Department of Commerce, Office of Business Economics. Survey of Current Business. V. 50» 
No. 9, September 1970, p. 23. 


Table 45.—Estimated gross proceeds of new corporate securities offered for cash in 1970 1 


Total corporate Manufacturing Extractive 2 
Type of security 


Millions Percent Millions Percent Millions Percent 


A usss ER $30,264 7 


Bon: 7.1 $9,191 87.4 $299 14.4 
Preferred stocce«kkkk kk 1,388 3.6 51 5 4 2 
Common stock 7,292 18.7 1,271 12.1 1,779 85.4 

Toll ta is a 38,944 100.0 10,513 100.0 2,082 100.0 


1 Substantially all new issues of securities offered for cash sale in the United States in amounts over $100,000 
and with terms of maturity of more than 1 year are covered in these data. 
* Including fuels. | 


Source: U.S, Securities and Exchange Commission. Statistical Bulletin. V. 30, No. 4, April 1971, p. 12. 
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Table 47.—Uses of funds for direct foreign investment by U.S. mining and 
smelting industries 


(Millions) 
Property, plant, 
Area and equipment 

1965 1967 1968 

EE EE 212 279 322 
Latin American Republics and other Western 

Hemisnbhere e 130 211 376 

sa ik 

uropean Economic Community (EEC) EE? 1 

Other Europe including United Kingdom 4 5 7 

Other areas 227 223 206 

Totali. AA 573 717 911 

Other assets 

1965 1967 1968 

e,, v a uns 43 —63 214 
Latin American Republics and other Western 

Hemisaphere ----------------------- 19 71 91 

Europe: 

uropean Economic Community (EEC) Le illc 

Other Europe including United Kingdom 2 2 5 

Bi A A 56 48 41 

Totali u. uu p uuu A 120 60 350 


Inventeries Receivables 


1965 1967 1968 1965 1967 1968 


43 26 14 16 17 18 
26 18 19 8 —22 3 
1 2 —2 Ge 
1 10 -—1 .... 22 1 
14 23 17 18 21 24 
84 68 49 40 12 45 


Income paid out Total uses 


1965 1967 1968 1965 1967 1968 


132 159 170 445 418 737 
134 306 312 317 584 801 
pee ARUS “Secs B uno 1 
8 2 6 15 8 17 

77 101 82 388 416 369 


351 568 570 1.168 1,426 1,925 


1 Data may not add to totals shown because of independent rounding. 


Source: U.S. Department of Commerce, Office of Business Economics. Survey of Current Business. V. 50, 


No. 11, November 1970. pp. 16-17. 
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Table 49.—Direct private investments of the United States in foreign mining and 
smelting industries in 1969 p 


(Millions) 


Undis- 

Book Net tributed 
value at capital earnings Earnings! Income? 

yearend outflows of sub- 


sidiaries 
Developed countries $3,315 $75 $96 $330 $224 
Canada... . wa ene na as 2,764 50 77 233 152 
A A A 72 6 5 10 5 
AQ o a E rcr 
Australia, New Zealand, and Republic of 

South Africa_......:..-.--..------------- 479 19 14 87 67 
¡A AA 395 18 12 50 37 
South Africa, Republic of 84 1 2 36 29 
Less developed countries 2,321 —23 72 513 439 
Latin American Republics, total 1,346 —87 42 334 287 
A A ß esc LE 136 13 11 18 6 
, x A 19 a C pa wee Aet Menem Sas 

77 AA 88 99 (4) (4) (4) (4) 
l AAA 88 452 —142 26 141 108 
Pres ia la aia da 443 21 2 104 102 
Other Western Hemisphere. ................- 576 56 1 116 116 
Other Africaoa 843 (3) 29 67 39 
Middle East 3 (3) (3) „ 
Other Asia and Pacific 53 8 1 —8 —4 
International, unallocated. -2-222-22-2222 22222202  l2222222 222-2222 2.222222. 22.2.24... 
Total, all areas sz. 5,635 52 168 844 664 


p Preliminary. 

1 Earnings is the sum of the U.S. share in net earnings of subsidiaries and branch profits. 
3 Income is the sum of dividends, interest, and branch profits. 

3 Less than 14 unit. 

* Combined in “other” industries in source reference. 

5 Data may not add to totals shown because of independent rounding. 


Source: U.S. Department of Commerce, Office of Business Economics. Survey of Current Business. V. 50, 
No. 10, October 1970, pp. 28-29. 


Table 50.—Value of foreign direct investments in the United States 


(Millions) 
Industry 1965 1966 1967 1968 1969 » 
Ku ß $8,797 +*$9,054 189,923 $10,815 $11,818 


Prell. SSS sicui 1,710 1,740 1,885 2,261 2,493 


p Preliminary. r Revised. 


Source: U.S. Department of Commerce, Office of Business Economics. Survey of Current Business. V. 50, 
No. 10, October 1970, p. 35. 
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Table 51.—Railroad and water transportation of selected minerals and mineral 
energy products in the United States 


(Thousand short tons) 


Rail ! Water 2 
Products Change Change 
1968 1969 from 1968 1968 1969 from 1968 
(percent) (percent) 
Metals and minerals except fuels: 
Iron ore and concentrates. ........ 94,096 104,701 +11.3 69,002 78,881 +14.3 
Iron and steel scrap..............- 26,716 29,673 +11.1 1,577 1,869 +18.5 
F/ AA 4,296 4,609 +7.3 648 591 —8.8 
Iron and steel ingot, plates, bars, 

rods, tubing, and other primary 

produet sss 54,291 52,726 —2.9 8,184 7,892 —8.6 
Bauxite and other aluminum ores 

and concentrates. |... .........- 4,060 4,271 45.2 904 674 —25.4 
Other nonferrous ores and concen- 

1 P 13, 515 17,464 +29.2 438 1,363 +211.2 
Nonferrous metals and alloys. ..... 9,508 10,238 +7.7 631 642 +1.7 
Nonferrous metal sera 3,201 3,605 +12.6 46 57 +23.9 
SE 55 ＋˙́!Iů ss, 5 3885 5 528 —7 = 465 524 412.7 

nd and gravel.................- : : —. | 
Stone, crushed and broken 63,202 66,310 44.9 | 72.291 82.893 +14.7 
Limestone flux and calcareous stone. ........ ........  ......-- 33,520 33,224 —.9 
Cement, building 25,309 24,207 —4.4 10,658 10,820 +1.5 
11;ĩß— öA—B— A 5, 548 6,391 +15.2 355 503 +41.7 
Phosphate rock 82,973 30,870 —6.4 4,'168 5,380 +13.0 
Clays, ceramic and refractory ma- 

Sul hy — —€——— es aa 3,202 8,872 45.8 SEN 104 SE 

Jim 8 E 0 j 
Sulfur, liquid DIII ) 3,160 2,891 8.5 { 8,485 — 8,021 RR 
Gypsum and plaster rock. `... 749 635 —15.2 765 808 +5.6 
Other nonmetallic minerals except 

p] A ¼˙ N 8,405 8,377 —.3 5,898 6,8719 416.6 
Fertilizer and fertilizer materials. 18,882 18,479 +.5 3,673 4,266 +16.1 

M/ ·’wiᷣ²w r 431,626 449, 642 +4.2 1224, 558 247,357 +10.2 

Mineral energy resources and related 
products: 
das" hra 7,471 6,956 6.9 
nthracite... cdas ; i —6. = 
Bituminous and lignite. . ...... 371,654 376,836 1.3 ) 156,103 153,085 2.0 
G Ee 262 1,787 —+582.1 483 615 +27.2 
Cause petroleum 33 566 552 —2.5 E200 98 eer Hc b 

asoline______ LL LLL lll l.- i 
Jet fuel. LIII ) 2.777 2,401 —18.5 l 12,566 14,417 +14.7 
Kerosine 253 232 —8.3 8,539 7,451 —12.7 
Distillate fuel oll. 1,748 1,616 —7.6 74,612 77,839 +4.8 

idual fuel oil... - 4,456 4,637 +4.1 55,599 64,331 +15.7 
Asphalt, tar, and pitches. ......... 2,933 2,755 —6.1 8,207 8,087 —1.5 
Liquefied petroleum gases and coal 

A RN A 6,998 7,590 +8.5 1,036 1,342 +29.5 
Other petroleum and coal products 3_ 9,468 13,563 +43.3 10,713 10,350 —8.4 

AA ³˙ ⁰ V iter c 408,586 418,425 ＋2.4 517,588 532,513 +2.9 

—— tf.fÍ 

Total mineral products. ......... r 840,212 868,067 ＋3.3 r742,146 779,870 +5.1 

—— n VH 
Grand total, all eommodit ies 1,430,441 1,472,619 +2.9 887,889 927,399 +4.4 
Mineral products, percent of grand total: 
Metals and minerals except fuels. _._ _ r 90.2 30.5 +1.0 25.3 26.7 +5.5 
Mineral energy resources and re- 
lated products... 28.6 28.4 —.7 58.3 57.4 —1.5 
Total mineral products.......... r 58.8 58.9 +.2 83.6 84.1 +.6 
° Revised. | 


1 Revenue freight originated on respondent's road and terminated on line by originating carrier or delivered 
to connecting carrier. 

2 Domestic traffic includes all commercial movements between points in the United States, Puerto Rico, 
and the Virgin Islands. 

3 Includes lubricants, naphtha, and other petroleum solvents, and miscellaneous petroleum and coal products. 


Sources: Interstate Commerce Commission, Bureau of Accounts. Freight Commodity Statistics, Class I 
Railroads in the United States for the Years Ended Dec. 31, 1968 and 1969. Statement No. 69100-A. Issue 
for 1969 carries no statement number. Department of the Army, Corps of Engineers. Waterborne Commerce 
of the United States, Part 5. National Summaries, Calendar Years 1968 and 1969, table 2. 
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Table 52.—Percentage distribution of mine shipments of bituminous coal and 
lignite by method of shipment and mine use 


Shipped by Shipped by Trucked to 


Year rail and water an final Used at Total 
trucked to trucked to destination mines ! production 
rail water 
LEE iaa 72.5 11.6 12.6 3.3 100.0 
1961.5 cias E 8 73.2 12.1 11.2 3.5 100.0 
//§ö§Üßðĩ]ĩ “.] mr m 72.7 12.3 11.3 3.7 100.0 
E AAA A E 71.0 12.7 11.8 4.5 100.0 


J.; ⁰ 68.1 13.5 12.0 6. 100.0 


1 Includes coal used at mine for power and heat, made into beehive coke at mine, used by mine employees, 
used for all other purposes at mine, and transported from mine to point of use by conveyor, tram, or pipeline. 


Table 53.—Miles of utility gas main by type of gas and by type of main 1 


Type of gas and type of main 1965 1966 1967 1968 1969 
All types: 
Field and eathering 61,760 62,980 63,710 64,440 64,914 
Transmission 211,240 216,980 225,360 234, 450 248,071 
Distribution. . ..... 2. 22222 LLL LLL LL lc22s22- 494,520 519,610 539,200 562,750 578,639 


Total E Sla e E 767,520 799,570 828,270 861,640 891,624 


Natural gas: 


Field and gathering 61,760 62,980 63,710 64,440 64,914 
Transmission 210,660 216,410 224,790 233, 940 247, 559 
Distribution. ose wes 88 484 ,260 509,840 529 , 340 554, 030 569,999 


AAA AA delet 756,680 789,230 817,840 852,410 882,472 
Manufactured gas: 


Transmission TOM mos r ʃͥ- . mauu ĩð d eee 
Fp A 1.420 1. 180 1,140 1,070 914 
Total uns ] 1,430 1,180 1,140 1,070 914 
Mixed gas: 
I/! y 570 570 570 510 510 
Distribution: ucu cu S aaa 7,810 7,800 7,950 6,980 7,105 
A P 8,380 8,370 8,520 7,490 7,615 
Liquefied petroleum gas: 
Ih ³¹ ads mes: eel xd um cdd (2) 2 
Distribution 1,030 790 770 670 621 
M/ ³o . 1,030 790 770 670 623 
1 oe service pipe. Data not adjusted to common denominator equivalent. Mileage shown as of end of 
each year. 


2 Less than 5 miles. 


Source: American Gas Association. Gas Facts, a Statistical Record of the Gas Utility Industry in 1969, p. 61. 
For earlier years, see Historical Statistics of the Gas Industry. 


Table 54.—Petroleum pipelines, selected years 


(Miles) 
Trunklines 
Year —————————————————— Gathering lines Total 
Crude Products 
19560 a is ia 78,594 36,420 13,526 188,540 
1959 s en el 70,317 44,483 75,182 189, 982 
1962. —— ora bs 70, 355 53, 200 76, 988 200, 543 
196511 u 88 72,383 61,443 77,041 210,867 


1968888: 70,825 64,529 74,124 209,478 
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Table 55.—Research and development activity 


(Millions) 
Funds expended 
Total Company Federal Government 

1967 1968 » 1967 1968 5 1967 1968 v 

Petroleum refining and extraction. ... $455 $538 $409 $463 $46 $75 
Percent of all industries 2.8 8.1 5.1 5.3 0.5 0.9 
Chemicals and allied products. ....... $1,569 $1,640 $1,357 $1,440 $211 $201 
Percent of all industries 9.6 9.4 16.9 6.2 2.5 2.3 

All industries $16,415 $17,435 $8,020 $8,876 $8,395 $8,559 


p Preliminary. 


Source: National Science Foundation. Research and Development in Industry 1968. NSF 70-29, July 1970, 
tables 6, 8, 44, 45. 


Table 56.—Federal obligated funds for metallurgy and material research 


(Thousands) 
Fiscal year 1970 ° Fiscal year 1971 + 
Federal agency te ͥ A NOCHE ee 
Basic Applied Total Basic Applied Total 
research research research research research research. 
Department of Defense $20,987 $44,128 $65,110 $28,229 $58,384 $81,613 
Atomic Energy Commission 12,152 15,876 28,028 11,909 15,701 27,610 
National Aeronautics and Space 
Administration 16, 408 9,286 25, 694 15, 590 9,101 24, 691 
Bureau of Mines 1,782 12,356 14,138 2,280 14,230 16,510 
National Science Foundation 2,885 417 2,802 2,251 623 : 
Department of Agriculture... ....... t 2 
Department of Commerce 1,465 1,072 2,537 1,520 1,182 2,702 
Federal Highway Administration. 1,350 5,955 7,805 1,800 10,580 12, 880 
e EA 25 136 761 30 1,067 1,097 
Ir! 2 2os 212. 56,554 89,821 146,375 58,615 110,868 169,488 
e Estimate. 


Source: National Science Foundation. Federal Funds for Research, Development, and other Scientific 
Activities. NSF 70-38, v. 19, September 1970, tables C-24, C-25, C-48, C-44, C-62, C-63. 


Table 57.—Bureau of Mines obligations for mining and mineral research and development 


(Thousands) 

Fiscal year Applied research Basic research Development Total 
1961... 8 $23,148 $4,841 $4,423 $32,412 
1968... 8 24,215 i 5,136 34,244 
196895 25, 934 4,051 5,033 35,018 
19710 27, 646 6,248 12,563 46,457 
197111 8 31,599 6,457 19,993 58,049 

e Estimate. 


Table 58.—Bureau of Mines obligations for total research, by field of science 


(Thousands) 
Fiscal year 

1969 1970 1971 ° 
Engineering sciences $19,647 $24,040 $27,411 

Physical sciences : : i 
Mathematical sciences. 689 571 750 
Environmental sciences 1,557 1,821 2,540 
Total- ͥ AAA 29, 985 33, 894 38, 056 
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Table 59.—Summary of government inventories of strategic and critical materials 
December 31, 1970 


Acquisition cost Market value 1 

Total inventories: 
National etockoile ----------------------- $4,247,835,600 $5,080,712,000 
Supplemental stockpile. ....................- 1,420,581,700 1,587,296,600 
Defense Production Act 704,821,500 436,806,700 
Commodity Credit Corporation. ............. 44,300 43 , 500 
Total on hand. ............-......-.....- 6,373,283,100 7,104,858, 800 
AN A a erer) ˙²Ür AAA A 
Inventories within objective: Total on hand....... 3,602,049,300 4,386,237,100 
Inventories excess to objective: Total on hand 2, 771, 233, 800 2, 718,621, 700 


1 Market values are estimated from prices at which similar materials are being traded; or in the absence of 
trading data, at an estimate of the price which would prevail in the market. Prices used are unadjusted for 
normal premiums and discounts relating to contained qualities or for normal freight allowances. The market 
values do not necessarily reflect the amount that would be realized at time of sale. Stockpile value is based on 
inventories in storage and includes quantities sold but not shipped. 


Source: Executive Office of the President, Office of Emergency Preparedness. Stockpile Report to the Con- 
gress, July-December 1970, p. 4. 
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Table 60.—U.S. Government stockpile disposal of mineral commodities, 1970 


Commodity 


NATIONAL AND SUPPLEMENTAL STOCKPILE OBJECTIVES 


Aluminum short tons 
Aluminum oxide do- 
Asbestos, amos ite mom 
Asbestos, chrysotile. ..............-----.. l.l... do 
Asbestos, eroidolte --.--.--------------------- do 
Bauxite, Surinam long dry tons 
rr short tons 
Bismuth ß suu eee OSEE pounds 
anl. do 
Chromite, chemicalll short dry tons 
Chromite, metallurgical.. „ do.... 
Chromite, refractory..........................- do.... 
/ cocotero dada pounds.. 
Corupndum l.l lll... pus tons.. 
Diamond stones rats.. 
Fluorspar, acid-grade.................. short dry: tons.. 
Graphite, natural, Malagasy............... short tons 
Graphite, natural, Ceylon do 
1r!öõͤÜ rw : i EE do 
IE steiere Gerten See do.... 


Manganese, battery grade, synthetic dioxide 
short dry 1008: 


Manganese, metallurgical.....................- o... 
% 88 pounds 
Mica, muscovite block. .......................- O... 
Mica, muscovite film do.... 
Mica, muscovite, splitting O... 
Mica, phlogopite splitting do.... 
Molybdenu mn do 
N ↄ]”ü.... y do 
. Crystals. . ege See gege eck do 
St ete cocina te short dry tons 
Tal uu a ð³ 8 short tons 
Thorium. esto a a Sa pounds.. 
i b GE long tons.. 
pai EE pounds. . 
5 ML 8 short aer E 
Zirconium ore, baddeleyite. ............ short dry tons. R 
/r ——————————— 8 

DEFENSE PRODUCTION ACT (DPA) INVENTORY 
neee, . short tons 
Asbestos, chrysot ile. do 
Chromite, metallurgical...............- short dry tons.. 
Gl orcos se pounds.. 
Columbiunnn A 
hr 8 short tons 
Manganese, metallurgical. ............. short dry tons 
Mica, muscovite block......................- pounds 
isi short tons 
e e l... .. .. ER avidum de pounds 
, e a 

OTHER 

Saite E long dry tons. . 
COD A AA sa short tons 
e,, iin bao ERES RU ee wes flasks.. 
Silver (Ano) MINOR CC a troy ounces.. 
! o 
Grand Tote lll TIR e RE RU m 


1 Government use. 


Sales commitments 


Quantity 


CH 181 


6,8 
518,273 
53 


— 536 
14,758,395 


Sales value 


$9,630,754 
4,175 


9,871,094 
843,832 


19,248,789 
6,423,748 
7,722 


95,297,208 


856,913 
425 


45,367,258 
59,487,108 
500, 000 

s 6,287 
1,287, ,460 
* 80, 738,919 
32, 532, 666 
187. 266. 977 


2 Includes negative sales figure of $5,573 representing adjustment of earlier disposal contracts. 
3 Represents that port ion of copper made available to the U.S. mint for coinage purposes. 
4 Negativo sales figure represents adjustment of sales contract made in a previous report period. 


5 Represents that portion of sales proceeds of Treasury silver copper 355 in excess of 90. 4215 per pound. 
Some 54,840 pounds of Treasury copper were sold at an average price of $0.44 per 
* Represents that portion of the total proceeds in excess of the U.S. Se, va 
ounce. Some 34,623,905 ounces of silver were sold at an average price of $1.75 per ounce, and 32,491,283 ounces 


were sold at an average price of $1.73 per ounce. 


Source: Executive Office of the President, Office of Emergency Preparedness. Stockpile Report to the Con- 


gress. January-Jung 1970, pp. 21-22; July-December 1970, pp. 14-15. 


SE based on $1.2929 per 
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Table 61.—United Nations indexes of world 1 mineral industry production 


(1963 =100) 
1970 by quarters 
Industry sector and geographic area 1968 1969 1970 ———— O E <. . 
Ist 2nd 3rd 4th 
EXTRACTIVE INDUSTRIES 
Metals: 
Non-Communist world... 121 126 134 126 138 138 135 
Industrialized countries ?!: 122 124 135 125 140 139 136 
United States and Canada l 123 124 141 131 147 147 141 
Europe II A 8 116 120 120 107 129 116 128 
uropean Economie Community 95 96 90 93 90 84 91 
European Free Trade Association ... 134 135 131 105 151 123 147 
Australia and New Zealand 159 184 194 171 197 205 203 
Less industrialized countries 5. _________ ....- 121 130 133 129 184 137 131 
Latin America bvb 124 133 136 134 138 139 134 
A ³˙¹ùmQiàà. 8 120 126 138 128 136 145 144 
Ge d Europe?9.... . A 160 167 181 182 179 182 180 
CAEN ART AAA A A EU 130 135 145 139 147 148 145 
Coal: 
Non-Communist world 91 89 89 90 90 85 91 
Industrialized countries 2. 22 89 87 86 87 87 82 89 
United States and Canada... 114 114 124 116 126 120 132 
Europe EEN SO 77 74 77 74 69 75 
uropean Economic Community 80 79 77 78 76 74 80 
European Free Trade Association 77 71 66 73 70 58 63 
Australia and New Zealand 151 168 182 158 186 199 181 
Less industrialized countries 5. . 114 120 120 120 121 116 121 
Latin America oo. 131 135 188 NA NA NA NA 
ARAS m ̃7Ü˙ð... ²Ü—wmQ de A 114 119 118 120 121 113 119 
Communist Europe 112 116 121 120 118 119 126 
Jö ]˙Ü¹wr ⁰⁰ðy aS 100 101 103 103 102 99 106 
Crude petroleum and natural gas: 
Non- Communist wor lbb 136 147 159 156 156 157 165 
Industrialized countries |... 2... 119 124 131 131 128 127 136 
United States and Canada 120 123 130 129 126 126 135 
Burons E ROA A 131 143 158 165 151 148 169 
uropean Economic Community 33 133 147 164 173 157 152 177 
European Free Trade Association: . ..-.. NA NA NA NA NA NA NA 
Australia and New Zealand NA NA NA NA NA NA NA 
Less industrialized countries 5$__ ss. 158 177 196 189 194 196 204 
Latin America ee 117 118 121 120 120 122 123 
ABIR 7. . L RN E 155 173 191 183 187 192 201 
Communist Europe o ooo 155 162 174 176 176 174 169 
MOTO AA A A 140 150 162 160 160 160 166 
Total extractive industry: 
Non-Communist world, 124 131 140 137 139 139 145 
Industrialized countries L T 115 117 124 122 123 122 128 
United States and Canada --------------- 120 123 131 127 130 130 135 
Burope % 8 101 103 108 112 106 101 114 
uropean Economic Community ?. ....... 105 111 120 127 113 110 129 
European Free Trade Association: . 90 86 83 83 88 77 81 
Australia and New Zealand 149 166 175 154 179 188 180 
Less industrialized countries z.. 147 163 177 171 176 177 183 
Latin America 66... 119 123 126 124 125 128 127 
ABIR EEN EE 149 165 180 174 178 180 189 
Communist Et TE EE 8 138 142 151 151 152 150 151 
AAA SR O S 129 135 143 142 143 142 147 
PROCESSING INDUSTRIES 
Base metals: 
Non-Communist world__._.___.____________________- 134 148 150 153 155 145 145 
Industrialized countries LL... .- 133 148 149 153 155 143 144 
United States and Canada... 122 132 126 131 133 122 117 
Eure LLL LL LLL LLL LL LLL LLLLLLLL 130 142 146 151 152 136 144 
uropean Economic Community 99. 133 148 151 157 159 144 147 
European Free Trade Association 4 117 123 124 131 129 110 127 
Australia and New Zealand 136 143 150 144 149 153 155 
Less industrialized countries .. 139 157 160 154 155 164 167 
Latin America oc LL 140 164 168 154 163 178 178 
I:: EE ys whee A Dias, ss 139 151 150 157 147 145 154 
Communist Europe 147 155 165 165 165 165 166 
WY OPI EEN 138 150 154 157 158 151 152 
Nonmetallic mineral products: 
Non-Communist world 131 141 144 129 149 151 148 
Industrialized countries 222i 130 139 141 125 145 148 144 
United States and Canada 124 182 128 120 132 134 127 
Europe... ........ LLL LLL LLL LLL LLL LLL LLL 129 137 142 119 149 152 150 
uropean Economic Community 3_......._ 125 133 140 111 148 153 147 
European Free Trade Association 130 136 135 123 140 135 140 
Australia and New Zealand.................- 132 147 151 140 153 158 151 
Less industrialized countries vövIv 22... 143 157 172 161 177 173 178 
Latin America 66e cL 2... 144 152 166 155 166 168 173 
ASig EEN 141 163 181 167 188 185 183 
Communist Europe 153 164 182 180 184 180 185 


Wor 
See footnotes at end of table. 
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Table 61.—United Nations indexes of world 1 mineral industry production—Continued 
(1963 =100) 


1970 by quarters 
Industry sector and geographic area 1968 1969 1970 —————————————— 
lst 2nd 3rd 4th 


PROCESSING INDUSTRIES—Continued 
Chemicals, petroleum and coal products: 


Non-Communist world, 154 168 178 176 180 176 182 

Industrialized countries 2.22- 155 169 179 177 180 176 182 

United States and Canada 146 157 158 158 1160 157 159 

A A uu STI eee ee sisa 161 178 194 192 197 188 199 

uropean Economic Community 166 184 201 201 204 196 204 

European Free Trade Association 4 145 159 171 167 175 163 176 

Australia and New Zealand 147 159 174 159 176 177 184 

Less industrialized countries 147 160 174 170 171 177 179 

Latin America 6). 146 159 176 NA NA NA NA 

/öÜõĩè d ⁵ A A ee 147 160 172 165 167 173 182 

Communist Europe 177 199 212 203 209 211 225 

M o nescit E ⁰⁰⁰ Ace Sa 159 175 185 182 186 183 191 
OVERALL INDUSTRIAL PRODUCTION 

Non-Communist world 2222222222 .. LL 22222 135 145 150 148 151 146 152 

Industrialized countries `- -2-22a 134 144 148 147 150 143 150 

United States and Canada 133 139 136 138 138 134 133 

¡A ⁵³ðVÄͤͥ cece ͤ ee s 128 139 146 144 149 137 154 

uropean Economic Community 3 128 141 150 148 152 140 158 

European Free Trade Association “l 123 129 133 182 135 123 140 

Australia and New Zealand 136 146 154 145 154 156 160 

Less industrialized countries 142 155 165 159 165 166 170 

Latin America ee 186 145 154 NA NA NA NA 

UV DL oe aloe i E aa tn i AN 144 158 169 165 167 169 176 

Communist Europe sss 151 162 177 177 178 173 179 

l ⁰o¹ q dy y ME LE E 140 150 157 156 159 153 160 


NA Not available. 

1 Excludes a number of countries of the Near East and Africa as well as mainland China, North Korea, and 
North Vietnam. 

2 All countries having a per capita value added in manufacturing in 1958 equivalent to US$125 or more. 

3 Belgium, France, West Germany, Italy, Luxembourg, and the Netherlands. 

4 Austria, Denmark, Norway, Portugal, Sweden, Switzerland, and United Kingdom. 

5 Countries having a per capita value added in manufacturing in 1958 of less than US$125. 

6 Central and South America and the Caribbean Islands, i , 

1 Afghanistan, Brunei, Burma, Ceylon, Hong Kong, India, Indonesia, Iran, South Korea, Malaysia (exclud- 
ing Sabah), Mongolia, Pakistan, . Singapore, Taiwan, Thailand, and South Vietnam. 

8 Albania, Bulgaria, Czechoslovakia, East Germany, Hungary, Poland, Romania, and the U.S.S.R. 


Source: United Nations. Monthly Bulletin of Statistics. August 1971, pp. x-xxiii. 
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Table 62.—Comparisons of world and U.S. production and U.S. imports of principal 
minerals and mineral fuels in 1970 


World 
Mineral (thousand tion (per- 
short tons centage of 


Total U.S. 
production U.S. produc- U.S.imports production 


Total U.S. 
production 


(percentage and imports and imports 
(percentage (percentage 


of world 


unless other- world total) production) 


wise stated) v 


Baux ite thousand long tons 57,072 
Grone 6,517 
Copper (content of ore and concentrate) 6, 527 
Iron ore thousand long tons 154,298 
Lead (content of ore and concentrate) ____ 3,750 
Mercury. - thousand 76-pound flasks. . 284 
Molybdenum (content of ore and con- 
cent rates) short tons 81,824 
Nickel (content of ore and concentrates) _ 685 
Platinum group (Pt, Pd, etc.) 
thousand troy ounces. . 4,216 
NIV OR 2c aa A E oA LE do- 301,740 
Titanium concentrates: 
Ilmenite ?. ---------------- 3,942 
ter aorta sión ee us 461 
Tungsten concentrate (60-percent tung- 
sten dioxide)... ----- short tons... 37,009 
Zinc (content of ore and concentrate) 6,060 
METALS, SMELTER BASIS 
Aluminum- ------------------------ 10,655 
A AA A a 6,877 
Iron, DIE 88 479,000 
2j E A 3,637 
Magnesium... 243 
Steel ingots and casting 654,000 
¿y AAA thousand long tons 222 
Uranium oxide 2 short tons 23,997 
AER 5,407 
NONMETALS 
Asbestos- EEN 3,826 
Cement. . thousand 376-pound barrels.. 3,350,142 
Diamond. ___ thousand carats.. 42,355 
Feldspar.......... thousand long tons.. 2,308 
Eluorpaeeeeee-ee 4,600 
M Dsum P DNE TREO -kd 55,583 
ica (including scrap). .............-- 174 
Nitrogen, agricultural )))) 42,747 
Phosphate rock 93,858 
Potash (KzO equivalent). . ............ 20,443 
p jig m g e a eee yaa s ERE 156,365 
Sulfur, elemental. . thousand long tons 21,748 


MINERAL ENERGY RESOURCES 
Crude petroleum..... thousand barrels_. 16,689,672 


Natural gas million cubic feet__ 37,820,609 

Bituminous coal and lign ite 3,086,447 

Anthreaeie A 201,629 
r Revised. p Preliminary. 


1 Less than l4 unit. 

2 World total exclusive of the U.S.S.R. 
3 Including Puerto Rico. 

4 Year ended June 30 of year stated. 
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Table 63.—Value of world export trade in major mineral commodity groups 
(Million U.S. dollars) 


Commodity group ! 1965 1966 1967 1968 1969 

Metals: 
All ores, concentrates and scrap. ... 4,580 4,770 5,050 r 5,590 6,410 
Iron and steel 9,700 9,670 10,330 "11,430 13,690 
Nonferrous metals 6,690 8,020 8,030 r 9,470 10,890 
Subtot.;pnͤ 20, 970 22,460 23,410 r 26,490 80,990 
Nonmetals (crude only)) 1,760 1,900 2,010 72,180 2,260 
Mineral fuelsss 17,920 18,890 20,660 r 28,120 24,930 
Sta.. 40, 650 43,250 46,080 : 51,790 58,180 
All eommodities 22 186,390 203,400 214,190 r 289,140 272,710 

* Revised. 


1 Data presented are for selected major commodity groups of the Standard International Trade Classifica- 
tion—Revised (SITC-R) and as such exclude some mineral commodities classified in that data array together 
with other (nonmineral) commodities. SITC-R categories included are as follows: ores, concentrates and 
scrap—SITC Division 28; iron and steel —SITC Division 67; nonferrous metals—SITC Division 68; nonmetals 
(crude only)—SITC Division 27; mineral fuels—SITC Section 3. Major items not included are the metals 
metalloids, and metal oxides of SITC Group 513; mineral tar and crude chemicals from coal, petroleum, and 
natural gas of SITC Division 52; manufactured fertilizers of SITC Division 56; and nonmetallic mineral 
manufactures of SITC Groups 661, 662, 668, and 667. 


Table 64.—Mineral commodity export price indexes 


(1968 =100) 

Year and quarter Metal ores Fuels All crude 

minerals 
EE 108 100 102 
1969 A æ 114 100 104 

1970: 
FHF ³ĩÜ1... dete dees sess 124 103 108 
Second ouarter «4 122 104 108 
Third quapter l ↄðx k y 8 121 106 110 
Furth aaa dota 121 108 110 
Annual ere ðͤÜ cece sees 1... - 122 105 109 
Source: United Nations. Monthly Bulletin of Statistics. New York, September 1971, p. 13. 
Table 65.—Analysis of export price indexes 
(1963 =100) 
Developed areas Less developed areas 
Year and quarter Total Nonferrous Total Nonferrous 
minerals base minerals base 

metals metals 
ERD 104 142 102 165 
1969 WEEN 107 158 103 187 

1970: 

First quarter... 2.2 22 LL Lll Lll „ 118 176 104 211 
Second quarter 120 174 104 205 
a AMA 124 162 104 181 
Fourth quarter 126 154 104 166 
Annual average 122 167 104 191 


Source: United Nations. Monthly Bulletin of Statistics. New York, September 1971, p. 13. 


Technologic Trends in 


the Mineral Industries 


(Metals and Nonmetals Except Fuels) 


By John L. Morning? 


MINING TRENDS 


The metals and nonmetals mineral in- 
dustries had a good year despite an off- 
year for the national economy; value of 
production in 1970 increased nearly 8 per- 
cent to $9.64 billion. To accomplish this, 
over 4 billion tons of material was han- 
dled in producing nearly 2.7 billion tons 
of crude ore. Surface mining continued to 
dominate output of both material handled 
and crude ore, as output of ore at under- 
ground operations dropped significantly 
compared with that of 1969. Exploration 
and development work decreased compared 
with that of 1969, but total footage re- 
ported was the second highest on record. 

The Market Research Department of the 
Engineering and Mining Journal in the 
past several years has conducted surveys to 
gain insight into the number and types of 
equipment used in the mineral industry. 
During 1970, a survey was published on 
front-end loaders and bulldozers along 
with a survey on mineral processing equip- 
ment. Both were for metal and nonmetal 
mining. Also published, were market re- 
ports for lubricating oil, grease, diesel fuel, 
and hydraulic fluid for both the metal 
and nonmetal mining industries, and for 
the coal industry. A market report on 
manual values was also published. In May, 
domestic and Candian readers of Engineer- 
ing and Mining Journal were invited to 
join a panel that would be asked to re- 
spond to one survey per month for a pe- 
riod of 1 year. 

Total quantity of water used (including 
recirculated or reused) by the minerals in- 


dustry in 1968 was estimated to total 3.7 
trillion gallons.2 The Bureau of Census 
survey was limited to those establishments 
that used more than 20 million gallons an- 
nually, and covered over 1,700 plants. In a 
more comprehensive study conducted by 
the Bureau of Mines for the year 1962, 
with over 15,000 respondents, water usage 
totaled 3.4 trillion gallons. Based on value 
of total mineral output in 1970 dollars, 
over 3.9 trillion gallons were probably 
used in the mineral industry in 1968, and 
4.2 trillion gallons in 1970. 

Materials Handled.—In 1970, output of 
ore and waste at metal and nonmetal 
mines in the United States totaled 4,087 
million tons, an increase of 3 percent over 
that of 1969. In 1960 and 1965 output was 
2,783 and 3,213 million tons, respectively. 
In 1970 crude ore output totaled 2,677 
million tons, compared with 2,030 million 
tons in 1960 and 2,402 million tons in 
1965. In 1970 metal mines accounted for 
586 million tons of crude ore, compared 
with 421 million tons in 1960 and 477 mil- 
lion tons in 1965. Copper and iron ore ac- 
counted for 85 percent of metal crude ore 
production, whereas phosphate rock, sand 
and gravel, and stone accounted for 93 
percent of the nonmetal mine crude ore 
output. On a comparison basis, the per- 
centages for these selected commodities for 
1960 were 74 percent and 90 percent, re- 

1 Physical scientist, Division of Ferrous Metals. 

2 Bureau of the Census. 1967 Census of Min- 


eral Industries. Water Use in the Minerals Indus- 
try: 1968 preliminary report MIC67(P)-3, October 
1970. 
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spectively, and for 1965, 79 percent and 92 
percent, respectively. 


Waste handled in 1970 totaled 1,410 mil- 
lion tons, a 6-percent increase over that of 
1969. Metal mines accounted for 69 percent 
and monmetal mines 31 percent of total 
waste handled. 


Nine States reported handling more than 
100 million tons of material during the 
year. Ohio, Montana, and Wyoming 
dropped from the list of States and Texas 
was added. Five States indicated output of 
between 90 and 100 million tons. Arizona 
and Florida continued to lead the Nation 
in total material handled and California 
and Minnesota led in output of ore. 


Magnitude of the Mining Industry.— 
Excluding sand and gravel operations, a 
total of 8,346 mines reported crude ore 
production during the year compared with 
8,596 mines in 1969; sand and gravel oper- 
ations totaled 8,808. Excluding stone and 
sand and gravel operations, metal mines 
accounted for 32 percent, and nonmetal 
mines accounted for 68 percent of the op- 
erating mines. Excluding clay, sand and 
gravel, and stone operations, 18 mines re- 
ported treating more than 10 million tons 
of crude ore; one more mine than in 1969. 
Copper led the list with eight mines, fol- 
lowed by iron ore with five, phosphate 
rock with four, and molybdenum with one. 
The Utah Copper Co. mine of Kennecott 
Copper Corp. was the leader in both out- 
put of ore and total material handled for 
metal mines. The Fort Mead mine of 
Mobil Chemical Co., treating phosphate 
rock, was the leader in output of crude 
ore; the Kingsford phosphate rock mine of 
International Minerals and Chemical Co. 
was the leader in total materials handled 
for nonmetal mines. 


Comparison of Production From Surface 
and Underground Mines.—Surface mining 
contributed 94 percent of crude ore and 96 
percent of total material handled in 1970. 
Both percentages were unchanged from 
those of 1969, although there were some 
minor shifts among the various commodi- 
ties. Crude ore and waste handled at sur- 
face metal mines were 19 percent of total 
ore and 69 percent of total waste handled 
compared with 17 percent and 68 percent 
respectively in 1960 and 16 percent and 62 
percent in 1965. Crude nonmetal material 
and waste material handled from surface 
mines were 91 percent of total nonmetal 


material and 60 percent of total waste 
handled. 


Three metal commodities—antimony, 
lead, and manganese ore—and three non- 
metal commodities—potassium salts, so- 
dium carbonate, and wollastonite—were 
mined entirely by underground methods. 
Eight metal commodities and three nonme- 
tal commodities were mined entirely by 
surface methods. 


Underground mining continued to ac- 
count for substantial percentages of crude 
ore handled in the following five States: 
Colorado, 41 percent; New Mexico, 32 per- 
cent; Missouri, 30 percent; Wyoming, 23 
percent; and Tennessee, 21 percent. Eleven 
States reported no underground activity. 


Ratio of Ore to Marketable Product.— 


The ratio of ore to marketable product 


varies with the mineral commodity and de- 
pends on grade of ore and type of valua- 
ble mineral content. The ratio for most 
metal mineral commodities with respect to 
time indicates rising ratios as grade of ore 
declines. For many nonmetal commodities, 
the ratio is 1 to 1. No discernable trend 
was evident in 1970 because many ratios 
remained virtually unchanged, and com- 
modity ratios that increased were offset by 
those that decreased. The ratio of material 
handled to marketable product also varies 
with the mineral commodity and is mainly 
affected by the amount of development 
work and content of the valuable marketa- 
ble material. The 1970 ratios tended to de- 
crease for metal mines and to increase for 
nonmetal operations compared with those 
of 1969. 


Exploration and Development.—Explora- 
tion and development work declined in 
1970, the first time since 1966, but was the 
second highest footage reported since 
collection of data was initiated in 1958. 
The data is comparable with that of 1969, 
but does not include clay and stone mines 
reported in previous years. For metal 
mines, significant decreases were recorded 
for copper and uranium and for nonmetal 
mines, phosphate rock. Significant increases 
were noted for lead, silver, and zinc com- 
pared with those of 1969. Rotary drilling 
accounted for most of the decrease footage 
reported and most was accounted for in 
copper and uranium, although gypsum 
and phosphate rock footage was notably 
down. 
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Six States each reported over 1 million 
feet of exploration and development work. 
Wyoming led with 25 percent of the total, 
followed by Texas, 18 percent; New Mex- 
ico, 17 percent; and Arizona, 11 percent. 
Rotary drilling accounted for 73 percent of 
total activity. Shaft and winze sinking, rais- 
ing, and diamond drilling indicated in- 
creased activity, but other categories indi- 
cated decreases compared with 1969 
activity. 

Stripping activities in phosphate rock ac- 
counted for 43 percent of the total mate- 
rial produced by exploration and develop- 
ment activities. Total tonnage produced 
decreased 22 percent compared with that 
of 1969. Arizona was the only State report- 
ing over 100 million tons of material han- 
dled from exploration and development ac- 
tivities. 

Explosives.—Explosives statistics for 1970 
were released too late for incorporation 
into this chapter. Over 2.2 billion pounds 
of industrial explosives were reported con- 
sumed in the United States in 1969. The 


total was 14 percent higher than in 1968 
and broke the record high that was cstab- 
lished in 1966. Coal mining accounted for 
37 percent, metal mining, 21 percent, and 
nonmetal mining, 20 percent. The mining 
industry accounted for over 1.7 billion 
pounds of the explosives used. Over 74 
percent of the total used was ammonium 
nitrate, the use of which continued to 
dominate explosives used in mining. 


The five top ranking States in order of 
total quality of explosives and blasting 
agents consumed were as follows: Kentucky, 
Pennsylvania, Ohio, Indiana, and Arizona. 
Kentucky replaced Pennsylvania, which was 
the 1968 leader. In 1969, the ranking States 
consumed 857 million pounds of the in- 
dustrial explosives or 39 percent of the 
total. Eight States reported consumption of 
over 100 million pounds of explosives. 


More detailed explosive information is 
published by the Bureau of Mines in the 
Annual Explosive issue of Mineral Industry 
Surveys prepared by the Office of Accident 
Analysis. 
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Table 4.—Crude ore and total material handled at surface and underground mines, 
by commodities, in 1970 


METALS 
Antimony - ---------- 
Bauxite 


Magnesium 
Manganese ore 
Manganiferrous ore 
Mercury 
Molybdenum........ 
Nickel 
Platinum- group 

metals 
Rare- earth metals 


Total metals 


NONMETALS 


material 


Total 


Under- 
face ground 


Sur- 


(Percent) 
Crude Total Crude 
ore material ore 
Sur- Under- Sur- Under- Sur- Under- 
face ground face ground face ground 
COMMODITY 
NONMETALS— 
Continued 
m 100 72 28 Bar ite 97 3 
1100 W 1100 W Boron minerals 100 SS 
97 3 97 3 Cave . . 98 
90 10 97 8 Diatomite --- 100 er 
eldspar...........- 100 pn 
48 52 81 19 Fluorspar...........- 4 96 
100 ROM 100 -.. Graphite 100 EN 
94 6 96 4 Greensand marl...... 100 on 
I 100 e 100 Gypsum............- 76 24 
100 MEM 100 -.. Kyanite.............- 100 M 
c 100 = 100 Lithium minerals 100 "x 
100 NEM 100 --. Magenesgite 100 eee 
60 40 91 9 (A 100 as 
24 76 76 24 Olivine____ 100 uL 
100 Zeg 100 ios Gd dE 99 1 
Phosphate rock. ..... 100 E 
100 zeg 100 -.. Potassium salts M 100 
100 ESM 100 -.. Pumice.............. 100 Jia 
2 98 15 85 Pyrites_____ .....- 100 Est 
100 Ne 100 io Sali... 2:220 o sz 28 72 
100 "m 100 Sand and gravel...... 100 e 
3 97 3 97 Sodium carbonate 
44 56 95 5 (natural)) FTN 100 
100 uu 100 -.. Stone: 
4 96 5 95 Crushed and 
broken 96 4 
85 15 94 6 Dimension 99 1 
Sulfur: Frasch 
process mines 100 ie 
Talc, soapstone, 
pyrophyllite. ...... 55 45 
Vermiculite 100 TM 
Wollaston ite E 100 
100 ANON 100 € 
100 xs 100 eic Total 
41 59 47 53 nonmetals_.. 96 4 
100 me 100 Suë 
99 1 99 1 Grand total ` 94 6 


W Withheld to avoid disclosing individual company confidential data. 
1 Includes underground; Bureau of Mines not at liberty to publish separately. 


98 2 
100  ... 
98 
100 |... 
100  ... 
8 92 
100 ... 
100 
90 10 
100  ... 
100  ... 
100 ` 
100 — 
100 
99 1 
100  ... 
-... 1060 
100 — 
100 — 
28 72 
100 |... 
... 100 
96 4 
99 1 
100 |... 
76 24 
100 
--- 100 
97 8 
95 5 


Q 
00 


MINERALS YEARBOOK, 1970 


Table 5.—Crude ore and total material handled at surface and underground mines, 
by States, in 1970 


(Percent) 

Crude Total Crude Total 
ore material ore material 
Sur- Under- Sur- Under- Sur- Under- Sur- Under- 
face ground face ground face ground face ground 

STATE 


> 
e 
d 
e 
' 
' 
i 
| 
' 
' 
' 
t 
' 
' 
' 
i 
ç 
> 
e 
© 
o 
p> 
8 
ES 
Ë 
5 
i 
' 
' 
' 
' 
' 
' 
' 
' 
' 
' 
' 
— 
© 
© 
' 
' 
' 
p 
2 
e 
' 
' 
' 


Alaska 100 ae 100 Nevada 100 TN 100 8 
Arizona. 90 10 97 3 New Hampshire 100 . 100 POS 
Arkansas 97 3 98 2 New Jersey.........- 100 e 100 Sake 
California 99 1 99 1 New Mexico 68 32 89 11 
Colorado 59 41 58 42 New York 98 7 98 7 
Connecticut Si 100 -.. North Carolina 100 a 100 oe 
ware ~-. 100 xn 100 -.. North Dakota 100 8 100 EN 
Florida 100 ES 100 ses nie 94 94 
7 er -- 98 2 98 2 Oklahoma 96 4 97 8 
Hawaii. 100 quc 100 --- Oregon 100 aoe 100 ae 
Idahooo 93 7 95 5 Pennsylvania 92 92 
Illinois 97 3 97 3 Rhode Island 100 oe 100 ese 
Indiana 98 2 98 2 South Carolina 100 EN 100 NA 
Joes 96 4 96 4 South Dakota 90 10 92 8 
Kansas 91 9 91 9 Tennesse 7 21 81 19 
Rentuek // ` 86 14 86 14 Texas. 99 1 99 1 
Louisiana 84 16 84 16 Utah..............-- 98 2 99 1 
Maine 100 Lex 100 Vermont 97 8 97 8 
Maryland 100 s 100 -.. Virginia 94 6 93 7 
Massachusetts 100 ies 100 --. Washington.........- 99 1 99 1 
Michigan 91 9 92 8 West Virginia 84 16 84 16 
Minnesota 100 M 100 Wisconsin 99 1 99 1 
Mississippi 100 PORE 100 Wyoming 77 23 92 8 
OUr... -2 70 80 69 81 
Montana 99 1 99 1 Totaal 94 6 95 5 
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Table 6.—Number of domestic metal and nonmetal mines in 1970, by commodity 
and magnitude of crude ore production 


69 


Commodity 


Diatomite.......... 


Potassium salts. .... 
Pum 


Talc, soapstone, 
pyrophyllite...... 
ulite 


Grand total... 


64 

4 

18 

4 608 


1,592 


be 


co 
ka «Y pués = O> CO + O9 C9 CO 


1,000 
to 
10,000 
tons 


QU OO 


be 
IM 0 =i G: 


“260! 


188 
880 


10,000 
to 
100,000 
tons 


19 
14 


100,000 


1,000,000 


More 


to to than 
1,000,000 10,000,000 10,000,000 
tons tons 


tons 


109 


' 
Ny» N Ce 1 
æ AHOPONHAWAr! oom 


10 


256 


39 
114 


1 Antimony, beryllium, magnesium, manganese ore, manganiferrous ore, platinum-group metals, rare-earth 
metals, tin, and vanadium. 
2 Emery, garnet, and tripoli. 
3 Aplite, graphite, greensand marl, iron oxide pigments (crude), kyanite, lithium minerals, magnesite, 
astoni 


olivine, wol 


operations, an 


, and zeolite. 
4In addition, there were 1,528 clay min 
d 681 dim 


es 
ension stone operat. 


8,808 sand and gravel operations, 4,600 crushed and broken stone 
but specific data on these operations are not available. 
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Table 7.—Twenty-five leading metal and nonmetal 1 mines in the United States 
in 1970, in order of output of crude ore 


Minin 
Mine State Operator Commodity metho 
METALS 
Utah Copper...........- Utah Kennecott Copper Corp Copper Open pit. 
Peter Mitchell 53 Minn Reserve Mining Co Iron ore Do. 
Hoyt Lake do.... Pickands Mather & co.. 489 dias Do. 
Min nta. do.... United States Steel Cord... do... L. Do. 
Berkeley Pit Mont...... The Anaconda Company..... Copper Do, 
Morenci...............- Ariz......- Phelps Dodge Cord dor T Do. 
San Manuel. do.... Magma 80 GGG‚ö‚ö;ð 489898 22222 Caving. 
EIERE 88 do.... Pima Mining Ce TCC doi Open pit. 
Ein zie ncs Colo American Metal Climax, Ine - Molybdenum.... Caving. 
Sierrita. ATIZ zc Duval Sierrita Cord Copper Open pit. 
Eagle Mountain Cali Kaiser Steel Cord Iron ore Do. 
Ray Pit Ans... Kennecott Copper corp TE Copper Do. 
Empire Mich...... Tobi ei s Iron Co...... Iron ore Do. 
New Cornelia Arz Phelps Dodge Corp Copper Do. 
Inspiration do- Inspiration € onsolidated . . ..... de Do. 
opper 
Tyrone N. Mex.... P hel ae Corp... de Do. 
Butler Minn The na Mining Co Iron ore Do. 
Republic Mich...... Cleveland-Cliffs Iron Co...... ..... doo Do. 
Twin Buttes Ar iz The Anaconda Co Copper Do. 
Gin 8 N. Mex.... Kennecott Copper Corp...... ..... dO. odios Do. 
Verington Ne v The Anaconda Co........... . dOo xe Do. 
Mission ANZ == ad American Smelting and ` ..... do. oss ss Do. 
Refining Co. 
Highland N E. SC A Pont de Nemours Ilmenite......... Dredging. 
o., Inc. 
White Pine Mich. ..... White Pine Co per Co....... Copper.........- Open stopes. 
Trail Ridge Ela: os E. I. du Pont de Nemours Ilmenite......... Dredging. 
Co., Inc. 
NONMETALS 
Ft. Meade y AAA Mobil Chemical Co. T hoap oate rock... Open pit. 
Su wanne do.... Occidental Chemical Coo. do Do. 
Kingsford.............. ..... do International Minerals & — ..... do buda Do. 
Cumi Co. 
Noralyn--.------------- ----- %%% aa doo Do. 
Payne Creek............ ----- do Agrico Chemical C O A el L 22 s Do. 
Palmetto... 8E (O... te OO oeste LL e Deui 198 o. 
Rockland. do. U.S.S. Agri-Chemicais Ie 48989 ascos Do. 
Chicora.. s ----- do American Cyanamid Coo do: 88 Do. 
Silver City... .......... ----- do.... S Agricultural Chemical 8 Do. 
orp. 
Saddle Cree˖ekkkkkk . do.... Agrico Chemical Co......... . 88 ...-- Do. 
Bonny Lake. do- . R. Grace & co do: 8 Do. 
Clear Spring. do.... International Minerals & k 89 8 Do. 
Chemical Co 
Tampa Agricultural do.... Cities Service Coo Eeer Do. 
Chemical Operation. i 
Tenero. -~--- do.... Borden Chemical Co......... ..... do. ue Do. 
Baro Wicca cua iaa. a do. U.S. S. Agri-Chemicals, Ine...  ..... dó. u Do. 
Lee Creek. ............- N CG aes Texas Gulf Sulphur Co....... ..... S Do. 
Retsof - -.------------- N: Y o oeoo International Salt Co Salt. orans Open stopes. 
Shafts I................ N. Mex.... Southwest Potash Co Potassium salts... Do. 
Watson Fla ESCH Agricultural Chemicals Phosphate rock... Open pit. 
orp. 
PCA A AI N. Mex.... Potash Co. of America Potassium salts... Open stopes. 
International..........-  ..... do. International Minerals EK ..... do... T Do. 
Chemical Co. 

Hb. ¿Buga do Kerr-McGee Corp........... oo. do. ous Do. 
Berens Calif. United States Borax & Boron minerals... Open pit. 
Chemical Corp. 

Westvacegn. Wyo..-...- FMC Corp., Inorganic Sodium Stoping. 

Chemicals Division. compounds. 
Belle Isle. EE Cargill, Ine Sali. ss Open stopes. 


1 Clay, sand and gravel, stone, brines, and materials from wells excepted. 
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Table 8.—Twenty-five leading metal and nonmetal 1 mines in the United States 


in 1970, in order of output of total materials handled 


1 Clay, sand and gravel, stone, brines, and materials from wells, excepted. 


Mining 
Mines State Operator Commodity method 
METALS 
Utah Copper Utah....... Kennecott Copper Corp Copper Open pit 
Twin Buttees Arz The Anaconda Company Lo GER Do. 
Slerrite .—— UL uu UTS 2222 do Duval Sierrita Cor 48 8 Do. 
Eagle Mountain Cali Kaiser Steel Cord Iron ore Do. 
Hoyt Lake Minn Pickands Mather & Co....... ..... ES ARI Do. 
Berkeley Pit -- Mont...... The Anaconda Company..... Copper Do. 
Questa. ---------------- N. Mex.... Molybdenum Corp of Molybdenüm- ME Do. 
America. 
Morenci...............- Ariz__ Phelps Dodge Corp.......... Copper Do. 
Peter Mitchell Minn Reserve Mining Coo Iron ore Do. 
Foro ( N. Mex.... Phelps Dodge Cor Copper Do. 
Pima- comemos at Arz Pima Mining Co ..... len, 552.2 Do. 
Rav PIL: s uu m;: Iesse do Kennecott Copper Cord S s Do. 
Minntac..............-- Minn United States Steel Corp Iron ore Do. 
Chino; s: escaladas N. Mex.... Kennecott Copper Corp Copper Do. 
Inspiration Ariz......- Inspiration Consolidated . . ..... do. mls Do. 
Copper Co 
Mission do.... American Smelting and do........- Do. 
Refining Co. 
New Cornelia. do Phelps Dodge Cor do o ues Do. 
Copper Cities Unit. do Cities Service Coo e 5 s Do. 
North Walker Wyo....--- Kerr-McGee Corp... Uranium Do. 
Vering ton Nev. --.--- The Anaconda Company. Copper Do. 
Lavender Ans... Phelps Dodge Cor dos X Do. 
Sherman Minn United States Steel Corp Iron ore......... Do. 
Dave Grouy Wyo......- Getty Oil Coo Uranium Do. 
San Manuel Ariz.. ----- Magma Copper Corp........ Copper.........- ^ Caving. 
CHiiaXx.-..- oe ee Colo..------ American Metal Climax, Inc. Molybdenum. ... O. 
NONMETALS 
Kingsford Fara oe International Minerals & Phosphate rock... Open pit 
Chemical Co. 
Ft. Meade do.... Mobil Chemical Co.......... . 4 8 Do. 
Payne Creek ----- do.... Agrico Chemical Co......... ..... do: canas Do. 
Palmetto- occ- cL E dO... ¿eta npo A eet, GE doo S u Do. 
Noralyn___.. . . . _  . delete do International Minerals | .  ..... G0. 2205542 Do. 
Chemical Co 
Su wanne do Occidental Chemical Co...... ..... S 2 ele Do. 
Rockland............... 200. do.... U.S. S. Agri-Chemicals, In. dO: nns Do. 
Boron Cali United States Borax & Boron minerals Do. 
Chemical Corp. 
Bonny Lake Flag ¿ob o: W. R. Grace & Coo Phosphate rock... Do. 
Saddle Creeekkekkeekea ...-. do Agrico Chemical Co......... ... dotes Do. 
Lee Creek‚.‚d NG Texas Gulf Sulphur Co....... ..... e 222 Do. 
Bartow..............-.- EISA U.S. S. Agri- Chemicals Inc e. ER 8 Do. 
e A do.... American Cyanamid Co...... ..... S Do. 
Pener ge ----- do.... Borden Chemical Co......... .. 48 Do. 
Silber Cit vv do- 88 Agricultural Chemicals ` ..... 4 8 Do. 
orp. 
Tampa Agricultural | | ..... do Cities Service o.. a Co AP Do. 
Chemical Operations. 

E AA eg Idaho J. R. Simplot Co............ ..... doo Do. 
Clear Spring Fla. 2 International Minerals Kk 4 T Do. 
Chemical Co. 

Watsons 8 do- E Agricultural Chemicals d Do. 

orp. 
SI 9... do.... American Cyanamid Coo. do--------- Do. 
Westvaco...........---- W yo FMC Corp., Inorganic Sodium com- Stoping 
Chemicals Division. pounds. 
Henry aces evezsc Idaho...... Monsanto Co. ............-- Phosphate rock... Open pit 
Williamson County Mine. Tenn 16 EE do: dee Do. 
e NeT Dtsch International Salt Co Salts) le cms Open stopes 
Shafts I.............-.- N. Mex.... Southwest Potash Coo Potassium salts... Do. 


~J 
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Table 9.—Kind of surface mining operation, by commodities and States, in 1970 
(Percent of crude ore) 


Strip and Multiple Strip and Multiple 
single bench single benc 
bench bench 

COMMODITY 
METALS NONMETALS—Continued 

ANtiMONY - ee 100 Ec best 99 1 

Bauxi te 74 26 Eeer 89 11 

Beryllium. ...............- 100 — Boron minerals. 8 100 

i A 27 73 YS LOS 98 2 

Gold: Diatomite 87 13 
dee 8 aves 100 eldspa e- 75 25 
Pl acer 100 Gin Fluorspar-...... u... 19 81 

Tron ore 20 80 Graphite 100 E 

ad. e is ee eee 100 NON Greensand mar ll. 100 PR 

Manganiferrous ore 100 Ss Gyĩps um 85 15 

Mercur 48 57 Kvanite 48 52 

Molybdenum. ............- NE 100 Lithium minerals........... "— 100 

ell! D 100 Magnes ite 100 1x 

Rare-earth minerals......... ue 100 KT EE 100 ad 

IT ad 8 100 NN Olivine_____ nc 100 SE 

Titanium: Ilmen ite 28 72 Pille ee eee ee 91 9 

Tungsten. 100 See Phosphate rock... 99 1 

Uranium 24 76 Potassium salts 100 Ge 

Vanadium EE 100 Pu mice 97 8 

II 8 4 96 SIT IÓN 100 E 
Sand and gravel............ 100 == 
NONMETALS Stone: 

Abrasives Crushed and broken 99 1 
Emery...............- 100 zt Dimension............. 100 AM 
Garnett 3 97 Tale, soapstone, pyro- 

Tripoli... ----------- 100 E phyllite... -..----------- 51 49 

Eeer 100 ie Vermiculite 12 88 

Strip and Multiple Strip and Wan 
single bene single be 
bench bench 

STATE 

Alabama. 100 DoS Montana.................- 94 6 

Alaska 100 as Nebraska 100 di 

Arizona. 19 81 Nevadda ada 32 68 

Arkansas 90 10 New Hampshire 100 SPAR 

California 78 22 New Jersey...............- 100 ose 

Colorado 100 "e New Mexico 45 55 

Connecticut 100 E New York................- 90 10 

Delaware 100 aoe North Carolina............. 98 2 

Floris ena 100 PUER North Dakota............- 100 baste: 

Georgia 100 8 ONO sesso cae ZT. um cu 99 1 

Hawaii...................- 99 1 Oklahoma 99 1 

IA ĩðͤ satis arios 89 11 Oregon... -------------- 95 5 

AA A 100 ee Pennsylvania 100 E 

Indiana..................- 100 SC Rhode Island. ............. 100 AN 

A EEN 96 South Carolina 94 6 

Kansasss s 100 wad South Dakota. 100 98 

Kentucky. xe 100 m ennessee.............-.-..-. 98 2 

Louisiana 100 de /// 98 2 

Ane eee 92 8 d AA c Line LE: 16 

Maryland................- 100 en Vermont 100 aa 

Massachusetts 100 Jes Virginia 100 ao 

Michigan 81 19 Wa AE AAA 96 4 

Minnesota. 23 77 West Virginia 91 9 

Mississippi. ..............- 100 as Wisconsin 100 ns 

isso .. 100 mee Wyoming 28 72 
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TECHNOLOGIC TRENDS IN THE MINERAL INDUSTRIES 


Table 12.—Mining methods used in open-pit mining, by commodities, in 1970 


Total material handled 


(Percent) 


Preceded Not Preceded 
Commodity by drilling preceded Commodity by drilling 
and by drilling and 
blasting and blasting 
blasting 
METALS NONMETALS—Continued 

Antimon // 72 28 Boron minerals 100 
215517 AMA 82 18 EE Se 
Beryllium 1 99 Diatom ite D 
Co per T 91 9 (NU AA 100 
Gold: Feldspßa rr kt 53 
od 8 100 P Fluorspar................-. 89 
Placer... ooo ais 3 97 Grabhile. 22 4.222 42852 100 
ITOM EE 82 18 Greensand mar, Sec 
o oto 8 63 37 Gvpsum. 93 
Mercur 33 67 Kyan ite 100 
Molybdenu mmm 100 M Magnes ite 100 
Nie!!! de 17 83 TT os aie —ò 2 
Platinum-group metals aue 100 AIS eh uude ai 100 
Rare-earth metals 100 NM Ferie Eric 53 
Silver... 44 56 Phosphate rock... 2 
Titanium: Ilmenite 22 78 Pumice.__.... das 3 
Uranium. ................- 28 72 Sand and grave l — 

Vanadium 20 80 Stone: 
II» ³ 100 xut Crushed and broken 3 
Dimension EH 
NONMETALS Talc, soapstone, pyrophyllite. 49 
Aplite--- o ooo. 18 82 Vermiculite 66 

Asbes tos 89 11 

Barrie ñp˙ 9 91 Total... 2 33 
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Table 13.—Exploration and development activity in the United States, by methods 


Metals Nonmetals 
Method — — 
Feet Percent Feet Percent Feet 
of total of total 
1969 
Shaft and winze sinking_.......- 23,708 0.1 2,469 0.3 26,177 
Raising ee ee 183,671 .6 11,612 r 1.8 195,283 
Drifting and crosscutting........ 870,558 2.8 24,922 2.8 895,480 
Diamond drilling 2,155,272 7.0 88,905 9.9 2,244,177 
Churn drilling 462,689 MeO Caec. K 462, 689 
Rotary drilling 23, 442, 268 76.1 608,978 68.1 24,051, 246 
Percussion drilling 3,435,209 11.1 147,480 16.5 3,582,689 
Trenching- 0 101,099 .3 689 .1 101,788 
OUNCE A O ale 141,181 .5 9,242 1.0 150,423 
TT posa 30,815,655 100.0 894,297 100.0 31,709,952 
1970 
Shaft and winze sin king 29 ,943 0.1 2,628 0.3 32,571 
Raising. xem exe 188,720 7 7,521 1.0 196,241 
Drifting and crosscutting__._....- 787,994 2.8 21,537 2.1 809,531 
Diamond drilling 2,918,116 8.3 130,095 16.4 2,448,211 
Churn drilling 25,492 .4 16,753 2.1 142,245 
Rotary drilling 20,619,318 73.7 390,212 49.2 21,009, 525 
Percussion drilling 3,067,783 11.0 186 , 848 23.6 3,254, 631 
Trenching___ 66,853 .2 16,242 2.0 ,095 
Otho A uc Se ie esos 769 ,480 2.8 21,262 2.1 790,742 
Deer 27,973, 694 100. 0 793,098 100.0 28,766,792 


Total 


Percent 
of total 


mi O i eN © 
© | oo Co 00 On na QO O> mt 


Total material handled 


Not 
preceded 
by drilling 

and 
blasting 
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Table 16.—Total material (ore and waste) produced by exploration and development 


in the United States, by commodities and States, in 1970 
(Thousand short tons) 


Shaft and Drifting 
winze Raising an Trenching Stripping 
sinking crosscutting 
COMMODITIES 
METALS 
Antimony............- LE 1 1 6 12 
Bauxite SES z 33 he 4,762 
Co per EE 114 122 267 6 144,335 
Gold: 
L ode 1 19 66 3 12 
Place rr Sow Dee DE 3 74 
Iron ore M 23 574 1 99 , 758 
ado ee cei ae 10 27 228 63 4 
Mercury eae 5 14 ms 1,781 
Molybdenum.......... 33 1 332 7 Gom 
Sierre 11 18 79 17 104 
Tungsten Kass 5 54 S 
Uranium 19 18 471 83 64,330 
DNC 8 4 25 517 245 
Other . TEM 1 76 Site 2,083 
Total metals 2. 194 262 2,713 189 317,502 
NONMETALS 
Barite....... 2222... .- T 1 7 9 127 
Fluorspar.............- 88 3 12 CENA 13 
Gypsum..............- 2 EA 29 ee 13,974 
Phosphate rock. ....... MR 2 MA 4 257,308 
Talc, soapstone, 
pyrophyllite 13 7 25 Es 697 
Others... 5 ndm m PM 2 5 2,522 
Total non- 
metals 2:2 15 13 75 19 274, 640 
Grand total 2 209 217 2,788 209 592,144 
STATE 
Alabama NT sa nar ER 432 
Alaska Y 8 2 262 
Arizona 114 76 175 6 67,938 
Arkansas mun 1 40 T 6,249 
California 13 15 120 1 3,732 
Colorado 42 16 496 53 15 
Florida eed dos SM ale 220 ,942 
Georgia Eu Sie od T 49 
ONO. cr im 13 29 114 8 14,474 
Illinois. HE 8 10 % „„ 
Indiana... . BE i1 mr 
O WR occ LE LUE Ee PN zia — 5,966 
Kentucky............- mM "m 2 SCH 
Michigan E 5 52 dum 16,062 
Minnesota ¿e Ne ae aks 84 , 857 
isso uri 2 11 544 cr — 
Montana. Se 25 61 12 
Nevada. _ . . 1 2 13 17 33,635 
New Jersey...........- Bie 1 1 ae 234 
New Mexico..........- 1 38 453 2 47,465 
New York ED 14 18 7 Ier 
North Carolina......... eus 1 10 "€ 10,932 
Pennsylvania 1 Li 51 BE 951 
South Carolina......... es T mes oe 5 
South Dakota Dd 17 51 1 4,646 
Tennesse: 1 4 398 Sala 8,831 
Tess 8 Er 8 1 "un 8,240 
tan 16 15 57 5 1,712 
vermont 1 3 BSS Eua inre 
Virginia SM 2 38 EA 8 
Washington re 1 19 SE? 607 
Wisconsin SS Bie 27 aa A 
Wyoming 1 RES 32 39 47,453 
Other “ Get AM 1 1 6,406 
oe!! 209 277 2,788 209 592,144 


1 Beryllium, ilmenite, manganiferrous ore, rare-earth metals, and vanadium. 
2 Data may not add to totals shown because of independent rounding. 

3 Asbestos, diatomite, feldspar, graphite, mica, perlite, pumice, and salt. 

4 Connecticut, Maine, Oklahoma, and Oregon. 


Total 


20 
4,795 
144,844 


101 
77 


14, 005 
257,314 


742 
2,529 


274,762 
595 ,627 


595 , 627 


TECHNOLOGIC TRENDS IN THE MINERAL INDUSTRIES 


Table 17.—U.S. consumption of industrial explosives 
(Thousand pounds) 


Black blasting High Blasting 
powder explosives agents 
——— — — —O s Liquid 
Ammonium oxygen 
Granular Pellets Permissible Other than nitrate, explosives 
permissible processed and 

unprocessed 
1965....... 464 372 16,040 542,318 1,260,107 5,598 
1966. .....- 240 223 74,527 1 538,968 1,343,104 13,094 
196777 242 182 68,770 1537 ,997 1,287,506 10,017 
1968....... 257 170 64,130 1 535,364 1,347,816 | ...... 
1969....... 209 61 60,364 ! 541,279 1,624,564  .  ...... 


! Includes blasting agents, rigidly cartridged, and water gels and slurries. 


Total 


Table 18.—U.S. consumption of explosives in the minerals industry 


(Thousand pounds) 


Year Coal mining Metal mining Quarrying and 
nonmetal mining 


PERMISSIBLE EXPLOSIVES 


19688 8 73,564 79 1,520 
1966 AAA 71,091 95 1,957 
1967-2222 65,284 161 2,238 
UE 60,943 267 1,394 
KL 57,528 58 1,193 


OTHER HIGH EXPLOSIVES ! 


1965. 22,090 123 , 862 141,050 
1966... .........- 19,591 118,900 141,117 
1961............-- 30,942 161,181 146,018 
1968.............- 29 , 482 195,315 144,663 
19699— 30,904 205.841 151,478 


AMMONIUM NITRATE BLASTING AGENTS 


19 Ede 493,571 232,770 228,284 
ELA 514,549 234,336 252,794 
IC 555,303 166,250 261,145 
4968 5. sme 593,741 207, 859 251,832 
19689 781, 679 264.892 286,003 


PELLET BLACK BLASTING POWDER 


1969 8 122 Se 61 
1988 no c (fo „ 25 
1961... 2e 32 1 23 
I9568.- 452524. eege 11 
9 L 2 ¿z 2ͤͤö;ʒ 8 21 
GRANULAR BLACK BLASTING POWDER 
1965... 15 4 120 
1988680 é 21 ------- 390 
1967... em 3 101 
I A 3 98 
1969... none J E e 94 
TOTAL EXPLOSIVES 
ERR 589 ,366 356,715 371,035 
1966... 8 605,553 853,331 396,283 
19860ͤ· 8 651,564 327, 596 409, 525 
19638... 5 euer 684,166 403 , 444 897,998 
99 820, 114 470,791 438,789 


! Includes blasting agents, rigidly cartridged, and water gels and slurries. 


Total 


62,604 
58,779 


287 ,002 


1.053, 432 
1. 282, 574 


1,317,116 
1,355,167 
1,388,685 
1,485,608 
1,729,694 
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FLOTATION TRENDS š 


The growth in beneficiation of ore bv 
flotation methods was shown in 1970, by a 
record 405 million tons of ore processed. 
This is compared with 279 million tons 
processed in 1965 and 198 million tons 
processed in 1960. Most of the growth was 
in the large-volume commodities such as 
copper, copper-molvbdenum, iron ore, and 
phosphate rock. Sulfide ore treatment con- 
tinued to dominate the statistics, but treat- 
ment of other ores have shown higher 
growth rates. 

A major advance in flotation equipment 
in the past 5 years has been the develop- 
ment and use of larger flotation cells, 
thereby keeping pace with increasing size 
of other processing equipment. Cell sizes of 
300 to 500 cubic feet in volume were being 
installed at a rapid rate throughout the 
world, and at least one installation em- 
ploved cells of up to 2,000 cubic feet in 
volume. Larger cells provide the advantage 
of lower operating and maintenance costs, 
and lower capital investment per ton of 
ore processed. Reports have been made 
that larger cells now outperform smaller 
cells because of a reduction in reagent con- 
sumption, better recovery, and lower horse- 
power consumption per unit volume. An 
additional advantage of these larger cells 
is the reduction in the number of instru- 
ments required for automatic control. Au- 
tomatic control for flotation circuits is 
growing rapidly and allows continous mon- 
itoring and on-line analysis of the flotation 
process. 

Research on various aspects of flotation 
was prolific during the 5-year period and 
is summarized annually in trade journals. 
The Annual Review issue of World Min- 
ing (London) published by the Mining 
Journal devotes considerable space to flota- 
tion developments. The Dow Chemical Co. 
annually prepares a literature index on 
worldwide flotation papers. 

A considerable portion of published re- 
search concerns applied research for indi- 
vidual commodities and flotation reagents, 
but basic research on surface chemistry 
and kinetics is not neglected. Two English 
translations of Soviet material, partially 
sponsored by the Department of the Inte- 
rior, were published during 1970 and indi- 
cate the interest of Soviet researchers in flo- 
tation processes.4 


Research on flotation of metal oxide, 
carbonate, and nonmetal ores is expected 
to continue during the next decade, and 
the development and improvement in 
processes for treating these types of ore ac- 
celerated. An example of what can occur 
with increased technology was shown in 
iron ore during the past 5-year interval. 
The quantity of crude iron ore that was 
treated nearly doubled. The grade of con- 
centrate rose 5 percent and recovery of 
iron values rose 11 percent. At the same 
time, great economies were made in re- 
agent consumption, which declined 0.369 
pound per ton and nearly 4 cents in value 
per ton of ore treated. 


Magnitude of Flotation.—The number 
of flotation plants reporting operations in 
the United States during 1970 totaled 240, 
a decrease of 15 from that of 1965. Despite 
the reduced number of plants reporting, 
ore treated rose to a record high of 405 
million tons, from 279 million tons in 1965 
and 198 million tons in 1960. Concentrates 
produced rose to 54.1 million tons, from 
38.7 million tons in 1965 and 21. million 
tons in 1960. Capacity rose significantly 
from 900,000 tons per day in 1965, to 
nearlv 1.4 million tons per day in 1970. 
Ores were processed by froth flotation meth- 
ods to recover various ferrous, nonferrous, 
and nonmetallic ores and coal. Twenty- 
nine different commodities were recovered. 


Distribution of Flotation Plants.—The 
240 reporting flotation plants were located 
in 33 States. West Virginia led with 34, 
followed by Arizona (21), New Mexico 
(17), Florida (17), Colorado (15), 
Pennsylvania (15). Plants located in West 
Virginia and Pennsylvania primarily re- 
flected a high level of activity in coal; 
those in Florida, phosphate rock; those in 


Arizona, copper; and those in New Mexico 
and Colorado, base metals. The number of 


3 Prepared by John L. Morning and Gertrude 
Greenspoon, mineral specialist, Division of Non- 
ferrous Metals. 

1 Glembotskii, V. A., G. M. Dmitrieva, and M. 
M. Sorokin. Nonpolar Flotation Agents. (Trans- 
lated from Russian, Available from National Tech- 
nical Information Services, Springfield, Va., T T70— 


50061, 1970, 115 pp.) 

Solnyshkin, V. I. Flotation Agents and Effects. 
(Translated from Russian, Available from Nation- 
al Technical Information Services, Springfield, Va., 


TT70—50023, 1970, 97 pp.) 
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States reporting 10 or more plants in- 
creased to nine, compared with seven 
States in 1965. 4 number of plants 
changed categories from 1965 when flota- 
tion circuits were added to recover bvprod- 
uct or coproduct materials. 


Consumption of Energy, Water, and 
Grinding Media, Including Mill Liners.— 
Energy consumption in the operation of 
flotation plants increased significantly ris- 
ing to over 5.9 billion kilowatt-hours in 
1970, from 4.1 billion kilowatt-hours in 
1965. A small part of the increase in total 
energy requirements was the result of bet- 
ter reporting, but most was accounted" for 
bv the growth in treating large-volume 
commodities such as copper, copper-molvb- 
denum, iron ore, and phosphate rock. En- 
ergy used per ton of ore treated ranged 
from 8.2 kilowatt-hours to 64.1 kilowatt- 
hours, with an average of 15.3 kilowatt- 
hours for total ore treated. This compares 
with an average of 15.4 kilowatt-hours re- 
ported in 1965. Energy consumption in- 
cluded all that Was consumed by processes 
preceding or following flotation, such as 
crushing, filtering, and material-handling. 

Flotation plants used nearly 488 billion 
gallons of water in processing ore, a signif- 
icant increase from 322 billion gallons re- 
ported in 1965, and 222 billion gallons in 
1960. Consumption, per ton of ore treated, 
ranged from 3,359 gallons in the phos- 
phate rock industry to 285 gallons in the 
potash industry. Average consumption for 
total ore treated was 1,310 gallons in 1970, 
compared with 1,240 gallons in 1965, and 
1,140 gallons in 1960. Phosphate rock ac- 
counted for nearly 50 percent of water 
used. Total quantities reported included 
recirculated and new or makeup water. 

The use of grinding media in prepara- 
tion of ores for flotation increased nearly 
in direct proportion to the quantity of ore 
treated when compared with 1965. Total 
consumption for the industry during the 
vear was rods, 72.9 million pounds; balls, 
301 million pounds; and liners 32.0 million 
pounds. On a per-ton-of-ore-treated basis, 
consumption was rods, 0.539 pound; balls, 
1.095 pounds; and liners, 0.143 pound; 
compared with 1965 consumption of rods, 
0.549 pound; balls, 1.088 pounds; and lin- 
ers 0.138 pound. 

Consumption of Reagents.— Total con- 
sumption of flotation reagents in 1970 in- 
creased to over 2,067 million pounds, from 


1,244 million pounds in 1965 and 849 
million pounds in 1960. The average con- 
sumption of reagents per ton of ore 
treated rose from 4.297 pounds in 1960 
and 4.507 pounds in 1965, to 5.114 pounds 
in 1970. Most categories of reagents indi- 
cated an increase in usage per ton of ore 
treated, however, the use of frothers de- 
creased slightly and the use of flocculants 
decreased nearlv 50 percent. 

Value of reagents consumed during the 
vear totaled $50.9 million, compared with 
$31.0 million in 1965, and $21.8 million in 
1960. The average cost of reagents per ton 
of total ore treated was S0.126, compared 
with $0.112 in 1965 and $0.110 in 1960. 

The following classification of reagents is 
used in this chapter: 

Modifiers - Reagents used to control al- 
kalinitv and to eliminate harmful effects of 
colloidal material and soluble salts. 

ÁActivators.—Reagents used to assist or 
improve the flotation of minerals that do 
not respond to a simple collector-froth 
combination. 


Depressants.—Reagents used to improve 
the selective separation of minerals bv low- 
ering the floatabilitv of specific minerals. 

Collectors.—Reagents used to provide a 
water-repellent surface on the mineral to 
be floated so as to improve adherence of 
the mineral to air bubbles. 

Frothers.—Reagents used to produce a 
froth of adequate durability to permit re- 
moval of mineral-carrving bubbles from 
the flotation machine. 

Flocculants.—Reagents used to flocculate 
solids in aqueous suspension and thereby 
facilitate thickening and filtering opera- 
tions. 


Whenever possible, the chemical names 
rather than the trade names of reagents 
are reported. For those reagents whose 
chemical compositions are unkown or too 
complex for simple presentation, the trade 
names are shown. Included in those cate- 
gories are Aero Depressants, Aerofloats, 
Aerofroths, Aero Promoters, Aeroflocs, and 
Superflocs (products of American Cy- 
anamid Co.). Dowfroth, Dow—Z-200, and 
Separan (products of The Dow Chemical 
Co.); Minerec (product of Minerec Corp.) 
and Nalco (product of Nalco Chemical 
Co.). Also, to avoid disclosing confidential 
information, some reagents are not identi- 
fied, but are included under “other”, or in- 
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formation on two or more reagents is com- 
bined. 

Sulfide Ores.—Flotation plants treating 
sulfide ores decreased from 108 in 1965, to 
105 in 1970; however, daily capacity rose 
39 percent. In continuing the past trend, 
ore treated and concentrate produced in- 
creased 40 percent and 23 percent, respec- 
tively, over that of 1965. In comparison, 
the increase reported for 1965 over that of 
1960 was 29 percent and 23 percent, re- 
spectively. Sulfide ore treated during the 
vear respresented 70 percent of total ore 
treated, compared with 72 percent in 1965, 
and 78 percent in 1960, Also, concentrate 
produced represented 16 percent of total 
concentrate recovered, compared with 19 
percent in 1965, and 27 percent in 1960. Al- 
though there has been a sustained growth 
in treatment of sulfide ores during the 
past decade, flotation treatment of other 
ores have shown higher growth rates. 

Reflecting the continued decline in grade 
of copper-bearing ores, ratio of concentra- 
tion increased. rising to 31.8 to 1 in 1970, 
from 27.8 to l, in 1965, and 26.5 to 1 in 
1960. Reagents consumption during the 
past decade increased over 1 pound per 
ton of ore treated, rising to 4.556 pounds 
per ton of ore. Most of the increase was in 
modifiers. 

Metal Oxides and  Carbonates.—This 
group includes iron oxide. tungsten, il- 
menite, and limestone. Although the num- 
ber of plants in the group decreased bv 
one compared with that of 1965, the daily 
average capacity increased 36 percent, 
owing primarilv to increased capacity at 
iron ore plants. Ore treated and produc- 
tion of concentrate both rose 84 percent 
compared with that of 1965, and the ratio 
of concentration remained at 2.3 to 1. The 
quantitv of ore treated during the year 
represented 7 percent of total material 
procesed, compared with 6 percent in 
1965, and over 1 percent in 1960. Concen- 
trate recovered as a percent of total con- 
centrate produced, rose to 24 percent, com- 
pared with 18 percent in 1965, and 4 
percent in 1960. 

Reagent consumption per ton of ore 
treated continued to decrease compared 
with previous vears bv decreasing to 2.244 
pounds per ton of ore, compared with 
2.614 pounds in 1965 and 12.036 pounds in 
1960. With the exception of modifiers, 
other reagents indicated a substantial re- 


duction in use on a per-ton-of-ore-treated 
basis. 

Nonmetallic Ores.—Capacitv of plants 
treating nonmetallic ore nearly doubled 
compared with that of 1965, despite a re- 
duction in the number of plants reporting, 
from 64 in 1965 to 56 in 1970. Ore treated 
rose 54 percent, and concentrated produced 
rose 37 percent. Most of the increase was 
accounted for by the phosphate rock in- 
dustry. The quantity of ore treated during 
the vear represented 20 percent of total 
ore processed, compared with 19 percent in 
1965 and 18 percent in 1960. Concentrate 
produced was +4 percent of total concen- 
trate recovered, compared with 45 percent 
in 1965 and 55 percent in 1960. Ratio of 
concentration increased to 3.4 to 1, com- 
pared with 3.0 to 1 reported in 1965 and 
1960. 

Reagents consumption increased sharply 
for this classification of ores and rose 72 
percent on a per-ton-of-ore-treated basis 
compared with that of 1965. Nearly all of 
the increase was the result of increased 
usage of modifiers and collectors in the 
phosphate rock industry. 

Solid Mineral Fuels.—The number of re- 
porting plants treating bituminous and an- 
thracite coal decreased from 69 in 1965 to 
66 in 1970. Despite the decrease in number 
of plants, daily tonnage capacity increased 
33 percent. During the 5-vear interval, the 
quantity of raw coal treated rose 37 per- 
cent, and the quantity of clean coal pro- 
duced increased 20 percent. Although the 
growth rate for raw coal treated was sig- 
nificant, it was well below that for the pe- 
riod of 1960-65. Solid fuels accounted for 
3 percent of total material handled, the 
same as in 1965, but was 2 percent higher 
than in 1960. Clean coal recovered 
dropped to 16 percent of total material re- 
covered from 18 percent reported in 1965. 

Consumption of reagents on a per ton of 
coal processed basis increased 36 percent 
compared with that of 1965. The use of 
modifiers increased substantially, whereas 
flocculant usage decreased sharply. Collec- 
tors accounted for more than half of total 
reagents consumed. 

Copper.—Seventeen flotation plants re- 
ported treating copper ore in 1970, com- 
pared with 16 plants in 1965. During the 
5-vear interval, four plants became inactive 
and six new plants initiated operations. 
Three plants changed categories when flota- 
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tion circuits were either deleted or added 
for molybdenum recovery. Plant capacity 
rose 27 percent over that of 1965, and ore 
treated increased more than 24 million 
tons. Production of concentrate increased 
564,000 tons. Grade of ore treated de- 
creased to 0.87-percent copper in 1970, 
from 0.92 percent copper reported in 1965 
and 1960. Recovery of copper dropped 
from.84 percent in 1965 and 1960, to 80 
percent in 1970. Coproduct gold and silver 
recovery was about the same as in 1965, al- 
though the average grade in 1970 was 
slightly higher. Despite a reagent consump- 
tion increase of nearly 0.7 pound per ton 
of ore treated compared with that of 1965, 
value of reagents consumed per ton was 
about the same. Plants treating copper ore 
were located in Arizona (six), New Mexico 
(four), Montana (two), Nevada (two), 
Oklahoma (one), Michigan (one), and 
Utah (one). 

Copper-Molybdenum.—Plants treating 
copper-molybdenum ore increased to 16, 
compared with 13 in 1965, Daily capacity 
increased 53 percent, rising to 465,000 tons 
per day as two new mines entered produc- 
tion and two mines installed molybdenum 
circuits. During the 5-year interval, one 
mine shut down its molybdenum circuit. 
Ore treated rose from 107 million tons in 
1965, to nearly 156 million tons in 1970, as 
the average grade of ore declined from 
0.79 percent copper to 0.68 percent in 
1970. Concentrate produced rose to over 
3.5 million tons in 1970, from 2.8 million 
tons in 1965, of which 99 percent repre- 
sented copper concentrate. Recovery of 
copper values increased slightly to 84 per- 
cent in 1970, from 83 percent in 1965; gold 
values recovered dropped to 64 percent, 
from 77 percent in 1965; and silver values 
recovered increased to 76 percent in 1970 
from 73 percent in 1965. Molybdenum 
values recovered were not reported in 1965, 
but totaled 59 percent in 1970. The in- 
dustry continued to make improvements in 
economies as reagent consumption decreased 
0.6 pound per ton of ore treated in quan- 
tity and | cent in value compared with that 
of 1965. 

Arizona led in number of plants treating 
copper-molybdenum ore with 12, followed 
by Utah (two), Nevada (one), and New 
Mexico (one). 

Copper-Lead-Zinc.—The number of flota- 
tion plants treating copper-lead-zinc ore 


totaled 15 in 1970, an increase of one 
from that of 1965. Capacity rose to 40,200 
tons per day in 1970, from 30,000 tons per 
day in 1965. Along with the increase in ca- 
pacity, ore treated in 1970 increased 10 
percent, rising to 9.4 million tons; concen- 
trate produced rose 91 percent to 656,000 
tons compared with that of 1965. The 
large increase in concentrate production 
was primarily accounted for by the in- 
crease in grade of ore treated. Although 
the copper content of ores treated re- 
mained at the same level as in 1965, the 
lead content rose to 4.21 percent in 1970, 
from 2.62 percent in 1965; zinc content 
nearly doubled, rising to 1.20 percent from 
0.66 percent. Recovery of metal values ap- 
proximated those reported in 1965. Aver- 
age reagent consumption per ton of ore 
treated decreased nearly 0.8 pound, but av- 
erage cost increased nearly 3 cents per 
pound compared with that of 1965. 

Plants treating copper-lead-zinc ores 
were located in six States, led by Missouri 
(five), followed by Colorado (three), 
Idaho (three), New Mexico (two), Ari- 
zona (one), and Maine (one). 

Copper-Zinc-Iron Sulfide.—Four plants, 
with a combined capacity of 11,000 tons 
per day, treated copper-zinc-iron sulfide 
ore in 1970; the same as in 1965. Ore treated 
dropped 3 percent compared with that of 
1965, but concentrate produced increased 
3 percent owing primarily to a reduction in 
grade of concentrate produced. In 1970 
average grade of ore treated compared with 
that of 1965 remained the same for copper, 
increased 0.3 percent for zinc, and decreased 
2.8 percent for iron sulfide. Average re- 
coveries of copper, zinc, and iron sulfide de- 
creased 2, 7, and 3 percent, respectively, 
from that of 1965. Reagent consumption 
per ton of ore treated increased 2.846 
pounds and nearly 4 cents in value com- 
pared with that of 1965. Two plants in 
Pennsylvania and one each in Arizona and 
Tennessee reported treating copper-zinc- 
iron sulfide ores in 1970. 

Gold-Silver.—Four plants reported treat- 
ing gold-silver ores in 1970, compared with 
seven in 1965. Daily capacity continued a 
downward trend, dropping to 700 tons per 
day in 1970, from 1,600 tons per day in 
1960 and 1,100 tons per day in 1965. Ore 
treated decreased 44 percent and concen- 
trate produced dropped 62 percent com- 
pared with that of 1965. However, operat- 
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ing plants increased the ratio of 
concentration and, as a result, grade of 
concentrate produced increased signifi- 


cantly. Recovery of gold and silver values 
rose 16 and 22 percent, respectively, indi- 
cating improved operating performance. In 
addition to improved recoveries, improved 
economies were made in average consump- 
tion of reagent and costs per ton of ore 
treated, which decreased from 2.545 
pounds and 50.169, respectively, in 1965 to 
2.224 pounds and 50.088 respectively, in 
1970. Although grade of ore for gold in- 
creased slightly, silver values more than 
doubled. | 

One plant each from California, Mon- 
tana, Nevada, and Washington reported 
treating gold-silver ore. 

Lead-Zinc.—Lead-zinc ore was treated 
at 11 flotation plants in 1970, compared 
with 10 in 1965. Daily capacity nearly dou- 
bled in the past 5 years, rising to 19,700 
tons. In addition to increased Capacity, the 
quantity of ore treated rose 60 percent to 
over 4.1 million tons. Production of lead 
concentrate increased to 175,000 tons com- 
pared with 27,000 tons in 1965; output of 
zinc concentrate decreased slightly from 
229,000 tons in 1965 to 220,000 tons in 
1970. The large increase in output of lead 
concentrate was accounted for by a shift in 
average grade of ore treated—lead content 
rose to 3.65 percent in 1970, compared 
with 1.04 percent in 1965. Zinc content 
dropped from 5.79 percent in 1965 to 3.40 
in 1970. Average lead recovery rose to 97 
percent in 1970, from 93 percent in 1965; 
zinc recovery decreased from 89 percent in 
1965 to 87 percent in 1970. There was lit- 
tle change in average consumption of re- 
agents per ton of ore, but average cost rose 
4 cents per ton of ore treated. 

Wisconsin had four plants treating lead- 
zinc ore, followed by Missouri, with two 
and one plant each operated in Colorado, 
Illinois, New York, Oklahoma, and Vir- 
ginia. 

Lead-Zinc-Silver.—Twenty-two flotation 
plants reported treating lead-zinc-silver ore 
in 1970; down nine plants from the 31 re- 
ported in 1965. As a result, capacity de- 
creased from 30,000 tons per day in 1965, 
to 15,800 tons per day in 1970. Also, the 
quantity of ore treated declined 38 per- 
cent, to 3.235 million tons in 1970. Despite 
the decrease in ore treated, output of lead 
concentrate was about the same as in 1965 


owing to the increase in the grade of ore 
treated, which rose to 4.4 percent lead in 
1970, from 2.9 percent lead in 1965. At the 
same time, recovery of lead values de- 
creased from 90 percent in 1965 to 87 per- 
cent in 1970. Output of zinc concentrate 
declined 28 percent despite an increase in 
grade of ore from 4.9 percent zinc in 1965 
to 6.08 percent in 1970. Recovery of values 
dropped from 87 percent in 1965 to 82 
percent in 1970. Reagent consumption re- 
ported was not strictly comparable with 
that of 1965, but data indicated that quan- 
tity and cost per ton of ore treated in- 
creased. Plants reporting treatment of 
lead-zinc-silver ore were located in Colo- 
rado (seven), Idaho (six), Utah (three), 
New Mexico (two), Washington (two), 
and one each in Arizona and California. 

Zinc.—Flotation plants treating zinc ore 
decreased from 10 in 1965 to eight in 1970. 
Despite the reduction in number of plants, 
capacity increased to 16,100 tons per day 
in 1970, from 15,000 tons per day in 1965. 
The quantity of ore treated was about the 
same as in 1965, but concentrate produced 
declined slightly; recovery of values de- 
creased from 95 percent in 1965, to 93 per- 
cent in 1970. Average grade of ore treated 
remained at nearly 5 percent zinc, the 
same as in 1965, but was down from the 
nearly 6 percent reported in 1960. Average 
consumption of reagents dropped from 
1.036 in 1965, to 0.840 pound in 1970, but 
average cost rose 1 cent per ton. Most of 
the plants treating zinc ore were in Ten- 
nessee (five), with one each in Kentucky, 
New York, and Pennsylvania. 

Feldspar, Mica, and Quartz—Data on 
these commodities were combined to avoid 
disclosing individual company confidential 
information. Flotation plants treating ores 
of these minerals in 1970 decreased to 14, 
from 18 reporting in 1965, but capacity de- 
creased only slightly to 10,000 tons per 
day. The quantity of ore treated increased 
154,400 tons and concentrate produced in- 
creased by 148,451 tons compared with 
1965. Most of the increased output was ac- 
counted for by quartz, which rose 186,680 
tons, followed by feldspar, 41,406 -tons; out- 
put of mica decreased 17,477 tons, and 
other products declined 62,158 tons. | 

Fluorspar.—Four plants reported treat- 
ing fluorspar ore during the year com- 
pared with six plants in 1965. As a result, 
plant capacity, ore treated, and output of 
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concentrate and recovery of byproducts de- 
creased. Recovery of fluorspar dropped to 
84 percent in 1970, compared with 92 per- 
cent in 1965, but was higher than the 77 
percent recovered in 1960. Average total 
consumption of reagents increased, rising 
to 19.498 pounds per ton of ore treated 
compared with 14.834 pounds per ton in 
1965, and 7.011 pounds per ton in 1960. 

Three reporting plants were located in 
Illinois and one was located in Colorado. 
Heavy media preconcentration of ore was 
reported by three plants. 

Iron.—In 1970 the number of iron ore 
flotation plants remained at six, the same 
as that of 1965, but capacity increased 
from 40,000 tons per day to 55,700 tons 
per day. Great strides were made during 
the 5-year interval as ore treated nearly 
doubled. More significant was the increase 
in iron content of concentrate produced 
which rose to 63.9 percent in 1970, com- 
pared with 58.8 percent in 1965. Also, re- 
ported recovery of iron rose from 72 per- 
cent in 1965, to 83. percent in 1970. Along 
with these accomplishments, reagent con- 
sumption dropped from 2.230 pounds per 
ton of ore treated in 1965, to 1.861 pounds 
per ton of ore in 1970, and value of re- 
agents consumed decreased from $0.121 to 
$0.086 per ton of ore treated. Although 
modifiers increased both in quantity and 
value per ton of ore treated, increased 
effectiveness in usage of collectors ac- 
counted for decreased total reagent con- 
sumption. Plants treating iron ore by flota- 
tion were located in Michigan, (four), 
Missouri, (one), and New York, (one). 

Limestone and Magnesite.—Because of 
the similar reagents used in the flotation 
of limestone and magnesite and to avoid 
disclosing confidential information, the 
data from these operations have been com- 
bined. The number of plants processing 
these materials in 1970 declined from five 
in 1965 to four in 1970; daily capacity, ore 
treated, and concentrate produced rose 
slightly. Reagent data are not comparable 
with 1965 and 1960 data. Plants were located 
in California, (one), Maryland, (one), 
Nevada, (one), and Texas, (one). 

Phosphate.—Plants treating phosphate 
materials by flotation in 1970 increased by 
one, but daily capacity increased 214 times 
that of 1965. Ore treated rose from 32 mil- 
lion tons in 1965 to nearly 65 million tons 
in 1970; concentrate produced increased 


from 11 million tons in 1965 to 18.6 mil- 
lion tons in 1970. With the vast quantity 
of ore treated, grade of ore decreased from 
14.7 percent P205 in 1965, to 12.1 percent 
in 1970. Other changes include average 
grade of concentrate produced which de- 
clined to 32.9 percent P205 in 1970, from 
34.3 percent P205 in 1965, and recovery of 
values decreased from 80 percent in 1965 
to 78 percent. Reagent consumption in- 
creased 3.102 pounds per ton of ore 
treated over that of 1965, returning to the 
level of that consumed in 1960. Of the 19 
reporting plants treating phosphate mate- 
rial, 17 were in Florida and one each was 
in North Carolina and Utah. 

Potash.—Flotation plants treating potash 
ore in 1970 decreased to eight from nine 
reporting in 1965, but capacity increased 
to 52,200 tons per day from 50,000 tons 
per day. Despite the slight increase in ca- 
pacity, quantity of ore processed declined 
27 percent, to nearly 12 million tons owing 
to development of new mines in Canada 
that produce lower cost potash. Grade of 
ore treated increased 1.5 percent, to 18.76 
percent potassium oxide (K2O) from the 
17.28 percent reported in 1965. As a result 
of the higher grade ore treated, concen- 
trate production dropped only 23 percent, 
and grade of concentrate remained at 57 
percent potassium oxide. Recovery of val- 
ues decreased to 85 percent, compared with 
87 percent in 1965. Total reagent con- 
sumption rose to 2.089 pounds per ton of 
ore treated in 1970, from 0.959 pound in 
1965; cost per ton increased from $0.136 in 
1965 to $0.204 in 1970. Reporting plants 
were located in New Mexico (six) and 
Utah (two). 

Anthracite.—Four flotation plants re- 
ported treating anthracite in 1970, com- 
pared with five in 1965 and 1960. Raw 
coal treated rose 66 percent, to 1.236 mil- 
lion tons, but clean coal produced dropped 
13 percent to 355,000 tons compared with 
that of 1965. Much of the recovered coal 
was the result of salvaging operations in 
treating material such as river silt bank 
fines. Reagent consumption per ton of raw 
coal treated rose 0.493 pound and 1 cent 
in value, to 3.156 pounds and 10.3 cents, 
respectively, compared with that of 1965. 
All plants treating anthracite were in 
Pennsylvania. 

Bituminous Coal.—Reporting bituminous 
coal flotation plants dropped to 62 in 1970 
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from 64 in 1965, but capacity increased to 
58.400 tons per day from 42,000 tons per 
day. Corresponding with the increased ca- 
pacity, total raw coal treated rose 34 per- 
cent, and clean coal produced increased 22 
percent compared with those of 1965; raw 
coal reached to 11.8 million tons, and 
treated coal reached 8.1 million tons. Re- 
agent consumption per ton of raw coal 
treated rose 0.254 pound in quantity and 
nearly 3 cents in value compared with that 
of 1965. Similar to anthracite, many of the 
producers used flotation for salvaging coal 
values from washer-plant water or recovery 
of values from extremely fine material. 
West Virginia led in number of plants 
treating bituminous coal with 34, followed 
by Virginia (nine), Pennsylvania (eight), 
Kentucky (five), Alabama (three), and 
Colorado, New Mexico, and Utah with 
one each. 

Miscellaneous.—Data for some flotation 
operations are not shown separately to 


avoid disclosing company confidential in- 
formation. Also, because of dissimilarity of 
data for various plants, it would be inap- 
propriate to combine the data. However, 
the data have been included in the totals 
to present complete information on flota- 
tion in the minerals industry. 

Flotation plants for which data have 
been handled in this manner included the 
following: 


Commodity Number and State 
Antimony____. 1 in Idaho. 
Barte uz A 2 in Arkansas. 

P) 1 in Georgia. 
Bastnaes ite 1 in California. 
p mete eee 1 in New York. 
Ilmen ite 1 in New York. 

Ous AE A A T. 1 in Virginia. 
Kyan ite 1 in Georgia. 

A . 88 2 in Virginia. 
Mercur “TWWhU 4 in Alaska. 
Molybdenu mm 2 in Colorado. 

P ¹· wr 8 lin New Mexico. 

CCC ED m8 1 in Alabama. 
AR A ENE 1 in Vermont. 

Tungsten AAA 1 in California. 

Vermiculite 1 in Montana. 


Table 19.—Froth flotation plants in 1970, by States 


State Number 

Alabama cinc es id 4 
PGS A A 4 
KA EE 21 
Arkansas 2 
Galferniggagagags .-- 8 
Geras, ee 15 
F 88 17 
Georgia... . kk a 8 
C ica 8 10 
r ð K 4 
Kentucky 6 
alle. C o T 1 
Marpll ang -- 1 
Michigan 5 
Missourl ltr.. as 8 
Montt 86 4 
Nevada J. l U. eoo. DEO odas 5 


New Jergen / 
New Mexico 


Oklahoma- — . . a a Ds 
Pennsylvania.. -------------------- 
South Carolina 
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West Virginia 
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Table 22.—Froth flotation of sulfide ores 


Operating data 1960 1965 1970 
Plants: 
Number cuore ß ea 95 108 105 
Capacity......... short tons per day.. 545,700 622,300 861,900 
Ore treated short tons 155,125,000 200,754,000 281,660,000 
Concentrates produced do- 5, 855, 000 7,213, 000 8,863,000 
Ratio of concentration 26.5:1 27.8:1 31.8:1 
CONSUMPTION OF REAGENTS 
Total (pounds) Pounds per ton 
Type ————————————————— 
| 1960 1965 1970 1960 1965 1970 
Modifier. 489, 706, 448 765, 676, 534 1,198,742, 990 3.710 4.114 4.408 
Activator 7,858, 889 8,983,093 8,487,774 .953 .281 371 
Depressant. ..........- 6,338,230 10,863 , 482 17,061,189 .089 . 101 . 104 
Collector.............- 25,346,078 23,982, 758 32,132,931 .163 .120 .114 
NFrothet..-. 8 12,411,044 15,501,516 20,612,413 .080 .077 . 078 
Floceulan 1,129,430 551,362 2,623,618 .026 . 007 .018 
TELE o loce c comua Incubus cuc 112,349,217 136,100 | ..... 4.867 . 014 
Totaal 542,790,119 937,907,962 1,279,797, 015 3.499 4. 684 4. 556 
Fable 23.—Froth flotation of metallic carbonate and oxide ores 
Operating data 1960 1965 1970 
Plants: 
e 13 14 13 
Capacity...........- short tons per day.. 13,600 47,500 64,800 
Ore treated. _._...-.-..---.----- short tons 2,854,000 16,079,000 29,625, 000 
Concentrates Groduced. --------- do 941, 000 7,086,000 13,040,000 
Ratio of eoneentrates s 3.0:1 2.3:1 2.3:1 
CONSUMPTION OF REAGENTS 
Total (pounds) Pounds per ton 
Type A —ö—b0 U — L 
1960 1965 1970 1960 1965 1970 
Modifier. 6,639,418 15,279,991 31,635, 105 2.368 3.444 4.713 
Activator h/ ẽ y 5.000 ee 
Depres sant „809 1,588,578 2,626,525 . 820 1.466 1.276 
Collector 22, 572, 698 23,694, 707 31,818,552 8.049 1.479 1.074 
Frothër u u ul ainai 1,344,778 864,657 164,497 1.333 .090 .046 
Flocculant.................- 1,306,029 458,285 220,271 1.618 .250 .016 


DOW cositas 33,752,937 41,886,218 66,464,950 12.036 2.614 2.244 
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Table 24.—Froth flotation of nonmetallic ores 


Operating data 1960 1965 1970 
Plants: 
Number. . usu u Sus 55 64 56 
Capacity...........- short tons per day 143 ,500 191,400 377,800 
Ore treated short tons 36,191,000 52,653,000 80,963,000 
Concentrates produced... ............. do- 11,888,000 17,376,000 23,823,000 
Ratio of concentration. ....................- 8.0:1 3.0:1 8.4:1 
CONSUMPTION OF REAGENTS 
Total (pounds) Pounds per ton 
Type — 
1960 1965 1970 1960 1965 1970 
Modifier 82,455,910 54 ,889 ,380 163, 243, 386 3. 566 1.278 2.178 
Activator 2,987,585 511,677 484,139 .887 1.088 .820 
Depressant. ............- 9,231,057 4,346,025 9,249,364 755 451 870 
Collector 163,967,377 188,118,763 528 , 668 , 853 4.576 3.741 6.585 
Fr other 2,475,037 4,869,852 2,863,584 .166 .219 .119 
Floeceulant 874,974 3,206,689 750,719 .129 .187 .062 
e A 261,991,940 255, 942, 386 705, 260, 045 7.311 5.089 8.749 
Table 25.—Froth flotation of anthracite and bituminous coal 
Operating data 1960 1965 1970 
Plants 
RTE, ocu sao 31 69 66 
Capacity short tons per day 26,500 47,000 62,400 
Raw coal treated short tons. - 4,112,000 9,500,000 13,006,000 
Clean coal produced___.......-_------ do- 2,795,000 1,033,000 8,418,000 
CONSUMPTION OF REAGENTS 
Total (pounds) Pounds per ton 
Type — —————6—bd ——————————— 
1960 1965 1970 1960 1965 1970 
Modifier 1,609,352 298,274 2,716,208 8.841 1.922 2.861 
Collector..............---.- 8,142,058 4,055,306 7,771,721 3.015 1.988 2.039 
Frot herr 584, 798 1,554,801 2,563,974 175 166 . 204 
Floeeulsnt. 393,885 2,301,001 2,204,030 .382 .365 .209 


o AAA 10,730,093 8,209,382 15,255,933 2.610 . 864 1.178 
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Table 26.—Froth flotation of copper ores in 1970 


OPERATING DATA 


Plants: Water used, gallons: 
Number_..--... --------------- 17 /// millions.. 59, 803. 5 
Capacity...... short tons per day 230,000 Per COR UR Deer 150 
Ore treated: Rod consumption, pounds: 
Short toa?s 79,828,000 S!! ³·¹¹ AAA 11,359,333 
Grade: Per OM 222.22 aa 0.344 
Copper............. percent. 0.87 Ball consumption, pounds: 
Gold... ounce per ton 0.0026 M/ ³·¹ð¹¹ .- 64, 564, 580 
Silver do- 0. 1325 CCC 0.992 
Energy u used, kilowatt-hours: Liner consumption, pounds: 
PT PIPE md oe) cate millions. . 1,270.5 Total. .......................... 3,848,676 
Per rs udi i AEE EC I 16.0 Pér AA 0.112 


CONCENTRATES PRODUCED 


Grade Recovery (percent) 
Quantity —ə——ə—ə n s o Ü. nA 
Type (short Copper Gold Silver 
tons) (percent) (ounce (ounces Copper Gold Silver 
per ton) per ton) 
Copper 2,386,447 23.34 0.0608 3.3138 80 71 83 
CONSUMPTION OF FLOTATION REAGENTS 1 
Function and name Total Per ton 
Modifier: Calgon, lime, Nalco, phosphates, sulfuric acid: 
ff e ß ee 640, 370,297 8.063 
bi cT € et a $4,315,523 30.054 
Activator: Sodium sulfide 
af ß osa 158, 388 0.078 
Valle m ————— —— Á—— iba $12,482 $0.006 
Depressant 
TTT EE 63,229 0.006 
bulo ORDRE TH meee eel $5,691 $0.0005 


Collector: Aerofloat 31, Aerofloat 244, Aero Promoter 404, Aero Promoter 3501, 
Dow 2-200, Minerec, potassium amyl xanthate, sodium isobutyl xanthate, 
sodium isopropyl xanthate, Thiocarbamate: 


Pounds Dc ße ee LE EE T A Sp LE 6,953,885 0.087 

ECH TEE 8 $2,828,937 $0.035 

PER "Aerotroth 65, cresylic acid, Dowfroth 250, methyl isobutyl carbinol, pine 
oi 

Pounds ß he EE 3,799,912 0.048 

IA A A EE $805 , 883 $0.010 
Flocculant: Nalco, Separan: 

(%% a mo ʒ 837,308 0.006 

hu O A A A A ROL AAN $288 ,246 $0.005 
Total reagents 

Pounds: ol eee ee a oas ris esi AA CS 651,683,019 8.169 

Valle cisco ra ss m 8 $8,251,762 $0.103 


1 Based on 14 operations, 
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Table 27.—Froth flotation of copper-molybdenum ores in 1970 


OPERATING DATA 


Plants: Water used, gallons: 
Numeyw 16 DTC es millions.. 111, 501.9 
Capacity..... short tons per day.. 465,000 Per nn ³ð 715 

Ore treated: Rod consumption, pounds: 

Short tons____. . 155,939, 200 // 2 eee Sten 37 ,938 , 608 
Grade: Per Cons. ev 0.614 
Copper percent 0.68 Ball consumption, percent: 
Gold......... ounce per ton 0.0052 TOU WEE 191,602,876 
Silver. do- 0. 0558 Pl A ee ees 1.304 
Molybdenum....... percent. 0.020 Liner consumption, pounds: 

Energy used, kilowatt-hours: f;» O E 21,410,426 
Total. AA millions 2,281.7 Per tcongg Ee e 0.151 
Peritoni:...2——— a 14.6 


CONCENTRATES PRODUCED 


Grade Recovery (percent) 
Quantity ———F f.;¹U.u(ꝛ)q I  —n— — I———nE u — ĩ — 
Type (short Copper Gold Silver Molyb- Molyb- 
tons) (percent) (ounce (ounces denum Copper Gold Silver denum 
perton) perton) (percent) 


Copper 3,486,509 25.27 0.1873 2.3067 ....... 84 64 T6 2:22 
Molybdenite...... 31/0847 loot elas, ie , 159 


CONSUMPTION OF FLOTATION REAGENTS 


Function and name Total Per ton 


Modifier: Calgon, lime, Nalco, phosphates, sodium carbonate, sodium hydroxide, 
sodium silicate, sulfurie aeid, other: 
a, ß e dd LE e E UE 497, 176, 970 3. 188 
FFI; ͥ ⁰˙¹ͥö .. LC eder ts $4, 351, 750 30.028 
Depressant: Dextrine, Nokes Peagent ph Phosphorus pentasulfide, sodium cyanide, 
sodium ferrocyanide, sodium hy 
Fh ³o·¹m enee 6,135,382 0.054 
Vales uu a ß ̃ ß O ES $490,837 $0.004 
Collector: Aerofloat 235, Aerofloat 238, Aerofloat 3302, Aero Promoter 404, burner 
oil, Dow Z-200, fuel oil, kerosine, Minerec, potassium amyl xanthate, Sodium 
Acrofloat, sodium ethyl xanthate, sodium isopropyl xanthate, Stepanflote, stove 


oil, xanthate: 
Pound o 8 9,911,184 0.064 
Jö PT hs eee nee eee 32,079, 727 $0.018 
Frother: ‘Aerotroth 65, Aerofroth 7 1, Aerofroth 73, creosote, cresylic acid, Dow- 
froth, methyl isobutyl carbinol, pine oil, Shellfroth: 
Pounds 3 A a at NUN USER RTI A V 12,718,876 0.082 
NOR MES $2,121,877 $0.014 
Floceulant: Aerofloc 550, Nalco, Polyhall M-59, Separan: 
Pounds s e c Mice Doe ß a ee LEE 2,154,075 0.028 
NANG eo Sob Boece ee Gees a y $2 , 822 ,936 30.037 
Other: 
ene , ß e cda EE dis 26, 690 0.008 
!ö˖; ] -... te t ee 8 35, 909 30.001 
Total reagents 
fh a / pu eee 528,123,127 3.387 
l ͥ is ðé.v ⁰⁰r k yy e — $11, 878, „036 30. 076 


1 Based on 15 operations. 
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Table 28.—Froth flotation of copper-lead-zinc ores in 1970 
OPERATING DATA 
Plants: Water used, gallons: 
Number 15 / 22 millions 4,812. 6 
Capacity....... short tons per day. - 40,200 Per tn. hn 2: eee 510 
Ore treated: Rod consumption, pounds: 
Short tons 9,443,600 Totali oll 4 ce Lo 8 1,528,187 
Grade: Per ton- ·‚?Wl1A¹¹ hmm om. mese 0.198 
Goppß en percent 0.40 Ball consumption, pounds 
Ll A A Ou 4.21 / ³˙¹ä AA 2,596,678 
TA c 8 do.... 1.20 Per tonite ia a etus ect: 0.287 
s EET ounce per ton 0.0187 Liner consumption, pounds: 
Silver......... ounces per ton 5.2023 Total e MIN EE 691,135 
Energy Ue used, llevate hours: Per A 111... 0.097 
PEA A ee millions 159.7 
Per rum jj ea ape VN ce eet ESTs 16.9 
CONGENTRATES PRODUCED 
Grade Recovery (percent) 


Quantity —— ə > n n — - 
Type (short Copper Lead Zine Gold Silver 


tons) (per- (per- (per- (ounce (ounces Copper Lead Zinc Gold Silver 


cent) cent) cent) per ton) per ton) 


Copper 117,092 25.47 6.20 6.03 0.1658 185.4593 17 
Lead........ 435,858 88 72.83 1.60  .5090 4.0184 3 
Ay A 103,277 1.06 1.79 54.40 .0452 8.7967 1 


CONSUMPTION OF FLOTATION REAGENTS ! 
Function and name 


Modifier: Lime, sulfuric acid, other: 
TT DEE 
oe A c AM D MEE LN a tae f mr O Ed E DE 


Value JJ) vH ĩð2âd k DRE 
Depressant: Santosite, sodium cyanide, sodium dichromate, sodium hydroxide, 
sodium sulfite, starch, sulfur dioxide, zinc sulfate: 
ST EE )Jyyyy.!..!.. ET Ee t esie 
NV AUG ise ceca Soaks el IE AA Ee 
Collector: Aerofloat 31, Aerofloat 242, Mero Promoter 404, Aero Promoter 3477, Aero 
Promoter 3501, Dow Z-200, potassium amy] xanthate, "potassium ethyl xanthate, 
E Acrofioat, sodium isopropyl xanthate, other: 
oun 77) asa us y eo ee le 


sine o oil: 


1 Based on 13 operations accounting for 99 percent of total ore. 


1 6 
95 3 
in 70 


Total 


- 5,437,763 
: $78,510 


" 941,291 
- $191,556 


- 5,827,811 
- $440,164 


- 1,089,490 
- 8420, 899 


š: 375,550 
E $66,073 


- 13,699,967 
- $1,204,970 


40 87 
27 8 
5 2 


Per ton 


1.000 
$0.014 


0.110 
$0.022 


0.626 
$0.047 


0.116 
$0.045 


0.040 
$0.007 
0.012 
$0.003 


1.464 
$0.129 
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Table 29.—Froth flotation of copper-zinc-iron sulfide ores in 1970 


OPERATING DATA 


Plants: Water used, gallons: 
Nun; cas 4 PCC / millions 2,573.3 
Capacity_- `` short tons per day.. 11,000 Per toca a als nes rd 805 

Ore treated: Rod consumption, pounds: 
Sorte.. 3,193,000 Total: cansas 8 868,520 
Grade, percent Perton.- coe ccu uns hos Lu 

COpDeP sedo ds 0.82 Ball consumption, pounds: 
AAA 1.89 Total, A A ates 1,978,114 
Iron sulfide ‘d... 33.28 Per ton... ——— ont é 0.620 
Pnergy u used, kilowatt-hours: 
E NCC P millions 69.2 
Per De E ENEE ⁵ ⁵— 8 21.7 


CONCENTRATES PRODUCED 


Grade Recovery (percent) 
Quantity —— — Tr ——ns—o_Ñ_ÑS -L—rSNəO— F 
Type (short Gold Silver Copper Zine Iron 
tons) (ounce (ounces (percent) (percent) sulfide Copper Zinc Iron 
per ton) per ton) (percent) 
Copper...... 116,682 0.0096 1.1288 18,04. 122.2 abc OO nies bien 
Zinne /// ³˙·¹w]¹w¹¹.A A 50.6 6l 2 
Iron /// autos y 91.22. xcd . (eases 80 
CONSUMPTION OF FLOTATION REAGENTS 
Function and name Total Per ton 
Modifier: Lime, sodium silicate, sulfur dioxide, sulfuric acid: 
A A a A A E M 8 26,605,063 9.098 
Malug.lc e CL lu y ht M Ne rre $242,373 $0.083 
Activator: Copper sulfate: 
AA A 1,268,438 0.716 
A 2 cuc dd... 8 $132,461 $0.075 
Depressant: Guar, sodium cyanide, zinc sulfate 
Pounds. o p CPE ß EE 332 , 523 0.191 
III yd ————— 559, 876 50. 034 
Collector: Aero Promoter 404, potassium amyl xanthate, sodium ethyl xanthate, 
sodium isopropyl xanthate, sodium secondary-butyl xanthate: 
e UTC 990 , 692 0.310 
7 ĩ˙w. oe eae eee O ͥ yd $119,356 $0.087 
Frother: Cresylic acid, Dowfroth 250, methyl isobutyl carbinol, pine oil: 
FH ³ AAſTſrſſſſſſſſſſſſſſſſſſyyſyſſhſyſrVhſhhſſſdf„ſfTyyß́kdfffkꝗTꝗ5ꝛĩũ a ee SS as S uuu su ua Sa: 306 , 432 0.096 
AU cos ad eM IL y ß ß ate pcs E LE EIS 562, 203 50.019 
Flocculant: Aerofloc 550, Nalco, Separan: 
UN TEE 13,813 0.005 
Vane cocos ct De mc cu ³˙ A Add d UL 518,177 30. 005 
Total reagents: 
r ß eebe 29,516,961 9.244 


EVO NC A A a AN a s $629' 446 $0.197 
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Table 30.—Froth flotation of gold-silver ores in 1970 
OPERATING DATA 
Plants: Ball consumption: 
JN One, ee Eet H l!!! ne pounds.. 28,403 
Capacity short tons per day. - 700 AAA AA 
Ore treated! Liner consumption: 
Short tons s 97,700 Total ca o Sa pounds.. 1,749 
Grade, ounces per ton: Per On MA AAA AE 022 
Gold. oco AAA e iet cl 0.6065 
O AAA AAA 5.4575 


CONCENTRATES PRODUCED 


Quantity (Grade (ounces per ton) Recovery (percent) 


Type (short tons) 
Gold Silver Gold Silver 
Gold-Silver__________ 961 57.8913 510.9938 94 92 
CONSUMPTION OF FLOTATION REAGENTS 1 
Function and name Total Per ton 
Modifier: 
F/ c san suya ³·¹ dd iA. ya La del ta 187,310 2.495 
AAA A A A A A $2,997 $0.040 
Collector: Aerofloat 31, Aerofloat 208, Aero Promoter 404, Dow Z-200, sodium secondary- 
butyl xanthate: 
¡LA AAA a IN AA 25,524 0.263 
E E T e E tax tM DA E a E t LAE er le E da CER pusa $3,736 50.039 
Frother: 
7) II A SA 742 0.040 
CH AR pd dd IN CELL A $139 $0.007 
Flocculant: 
Pounds- ¿na ß o d 2,102 0.028 
AN A A AE E A O UR EE $1, 682 50.022 
Total reagents 
A A rtf ³o ͤ ⁰⁰ ol ae a Ca so 215,678 2.224 
IJ a ls a a a ll ls $8,554 $0.088 


1 Based on 8 operations accounting for 99 percent of total ore. 
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Table 31.—Froth flotation of lead-zinc ores in 1970 


OPERATING DATA 


Plants: Water used, gallons: 
N AAA 11 OU AAA A millions.. 3, 007. 6 
Capacity....... short tons per day.. 19,700 Peron eS 725 
Ore treated: Rod consumption, pounds: 
Short te Wade do 4,153,000 Total. EE 1, 008, 789 
Grade, percent: Per AAA 0.279 
1 05 JJ aasan aa € 3.65 Ball consumption, pounds: 
%% 3.40 % ⁵ð⁴/ß ͤ 912 
Vom, P ised, kilowatt-hours: Per tOn nosses ³oWWm A 0.2 
haan E AET EEN. millions 88.2 Liner consumption, pounds 
Per os m 19.5 %%%. 77,358 
Pér to g¶g¶n¶¶n¶nLnLns‚‚.‚s‚ uuu 0.051 


CONCENTRATES PRODUCED 


Grade Recovery (percent) 


Quantity —————————————— 
Type (short tons) Lead Zinc Silver 
(percent) (percent) (ounces Lead Zine 
per ton) 
LEA dll... 175,423 000 1. 2898 9 0uO 2 
Zinc- cc T ES 219,699 56.83 9.6782  .......--- 87 
CONSUMPTION OF FLOTATION REAGENTS ! 
Function and name Total Per ton 
Modifier: Lime, soda ash: 
Ph ⁰²˙˙i . 2,964,458 0. 885 
VAMO: conc ])... yd ß ß 222 k 22 swe $34,476 30.010 
Ke e Copper sulfate: 
Poünds- ] ]ꝛiů̃u m MEE LI CE CE ² 50wͤ h 1,664,698 0.414 
VIG ee ON URS A GUN CENE RICE y DENN I EMI HUN $380,868 $0.095 
Depressant: Calcium cyanide, sodium cyanide, zinc sulfate: 
Pounds. EE 1,079,914 0.269 
Valle ceca ooo Ell ͤ y I T $142,746 30.086 
Collector: Aerofloat 31, Aerofloat 211, Aerofloat 242, Aero Promoter 404, Dow Z-200, 
Sodium Aerofloat, sodium ethyl xanthate, sodium isopropyl xanthate, sodium second- 
ary-butyl xanthate, xanthate: 
T 70 b Du d c MM a ³ðÄſſ ³ꝛw¹¹A AA E ⁊ð A 604,799 0.151 
VJ) ꝗ d ³ ² ⁵ ß é $182,687 30.045 
Frother: ee 65, Aerofroth 70, methyl isobutyl carbinol, pine oil: 
O ee 354,029 0.088 
quM ac a 8 $59,616 $0.015 
Flocculant: Aerofloc 550, Separan, Superfloc: 
DUNA Coca ee ee 14,077 0.007 
ECHT EE $16,630 $0.008 
Other: 
A nn ͥ o·ww--- 90,625 0.060 
ß ß GN S oss $18,524 30.012 
Total reagents 
C daa dE ee 6,772,600 1.685 
0. ³o·¹¹¹ꝛꝛ0A0] LR MT A 4, 30. 208 


1 Based on 10 operations accounting for 97 percent of total ore. 
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Table 32.—Froth flotation of lead-zinc-silver ores in 1970 


OPERATING DATA 


97 


Plants: Water used, gallons: 
Number.................-........ 22 Pot! millions... 2,624.7 
Capacity....... short tons per day.. 15,800 PeP10n:- 25 aca tudo rt 810 

Ore treated Rod consumption, pounds: 

Short tons 3,235,000 Toal AA 738,149 
Grade Per ton 0.864 
Lead AAA percent. . 4.40 Ball consumption, pounds 
“A AA percent. 6. 08 ( a cm oe eee 4,444,150 
Copper percent. . 0.35 Per Coon xe 1.545 
Gold ounces per ton 0.0733 Liner consumption, pounds: 
Silver ounces per ton 4.9449 Totalo ³ow-- h nta 448,112 

NEL, Ar used, kilowatt-hours: Per WEE 0.228 

EE millions. . 86.2 
Per s da ß 26.6 

CONCENTRATES PRODUCED 
0 
Grade Recovery (percent) 
Quantity —— o __—__—_____ _-_ _IE — == 
Type (short Copper Lead Zinc Gold Silver 
tons) (per- (per- (per- (ounces (ounces Copper Lead Zine Gold Silver 
cent) cent) cent) per ton) per ton) 

Lead... 218,005 8.10 57.48 7.41 0.5941 47.3321 70 87 9 79 83 
Zinc... 293,215 0.65 4.00 53.22 0.0614 3.7643 14 8 82 6 8 
CONSUMPTION OF FLOTATION REAGENTS ! 

Function and name Total Per ton 

Modifier: Lime, soda ash: 
eee o ap teas ce poset heuer e 5,314,197 2.081 
et EE $93,012 30.036 

Activator: Copper sulfate, sodium hydrosulfide: 

Tt TEEN 2,584,263 0.938 
A AAA A ĩ ĩͤ A $487,867 30.177 
Depressant: Aero Depressant 610, Aero Depressant 633, sodium cyanide, sodium sul- 
te, zinc sulfate: 
A A e s us 1,553,862 0.564 
NEE $176,841 $0.064 
Collector: Aerofloat 25, Aerofloat 31, Aerofloat 130, Aerofloat 208, Aerofloat 238, Aero- 
float 242, Aero Promoter 404, Dow Z-200, Minerec, potassium amyl xanthate, po- 
tassium ethyl xanthate, Sodium Aerofloat, sodium ethyl xanthate, sodium isopropyl 
xanthate, Thiocarbanilide: 
ST WEE 760,455 0.274 
YA . A AS $235,500 $0.085 
Frother: Acrofroth 65, Aerofroth 71, Barrett oil, cresylic acid, Dowfroth, methyl iso- 
butyl carbinol, pine oil: 
ro 7 Le E d ³·Ü6ü ĩ 495,397 0.178 
A A -w; m . 8 $98,955 50.036 

Floeculant: Aerosol, Guar, Separan, Superfloc: 

Pounds- r; u La A SN 21,219 0.014 
O A wees Anu M LO RA $14,960 $0.010 

Other: 

LI TEE 18,785 0.080 
E ee ey eS ICE ON rte DU A A A A 8 $1,574 $0.007 

Total reagents: 

e . . ß 10,748,178 3.870 
F ͥͥ ⁰!AA.!]].!..... 4 A AO $1,108,709 $0,399 


Based on 16 operations accounting for 86 percent of total ore. 
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Table 33.—Froth flotation of zinc ores in 1970 


OPERATING DATA 


Plants: Rod consumption, pounds: 
Number- cucuta lcd. 8 Total. tarso ala 890,964 
Capacity short tons per day 16,100 ¡LEIA EE 0.241 
Ore treated: Ball consumption, pounds 
2 TONS oso esl So eee Se 3,751,000 Total. cacas Se 652,349 
J%§öͤ;ð—?Rm! iersctc mos percent. . 4.99 Per tol. nre —W—— eee ,201 
PER Sr kilowatt-hours: Liner consumption, pounds 
Eet millions. . 53.6 Totaal. 105,364 
Per IN A EE 14.3 Per CON EE 0.044 
Water sedo gallons: 
"IV T E nee millions.. 1,872.4 
E E MR E 8 500 
CONCENTRATES PRODUCED 
, A Ee short tons.. 285, 055 
jr AAA EE percent. . 
Recovery- dd A A edt C Ec do.... 93 
CONSUMPTION OF FLOTATION REAGENTS 
Function and name Total Per ton 
Modifier: Lime: 
STEE 798,165 3.369 
TARA ᷣ « ꝓ ä B E x hasa eas $10,613 30.045 
Activator: Copper sulfate: 
Poundsss erii tc ets ß LA LAE mE AA 1,854,761 0.494 
ValüB. con ou d yd ß maa hana k E $385,790 50.103 
Depressant 
vou Te p ee IR MENOR ERE 28,248 0.070 
ER $5,085 $0.018 
Collector: Aerofloat 211, Dow Z-200, Sodium Aerofloat, sodium ethyl xanthate 
179075 J) t: B/ ⁊ð-•adpũ 6m y A 250, 072 0. 067 
77 ³E ZZV 88 377,683 30.021 
Frother: riro 65, Dowfroth 250, Dowfroth 1012, pine oil: 
EL Do ee eebe p ñ p a bis 220,766 0.059 
Du oro see ete dddddddddddddddddddd. Ss $64,480 $0.017 
Total reagents 
AA RA ASE Me AK E PTR OS I 3,152,012 0.840 
II..... ³ / a a da $643,651 $0.145 
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Table 34.—Froth flotation of feldspar, mica, and quartz ores in 1970 


OPERATING DATA 


Plants: Water used, gallons: 
Nun 14 Total... A ees oe millions.. 5,558.6 
Capacity....... short tons per day.. 10,000 Per EE 2,350.0 
Ore treateeddgcdod short tons.. 2,365,400 Rod consumption, pounds: 
Energy u used, kilowatt-hours: Total. esanera A 999,710 
ed NEEN millions 44.5 Perton A AS 0.812 
Per % r e EST 18.8 Liner consumption, pounds: 
` Total. era crete aa 124,436 
0 cee kas 0.108 


CONSUMPTION OF FLOTATION REAGENTS ! 


Function and name Total Per ton 
Modifier: Alum, hydrofluoric acid, lime, sodium hydroxide, sulfuric acid: 
ee ß dd 8,093, 208 3.953 
CH u; IN $475,340 $0.232 
Depressant: 
POUM EEN 301,500 0.900 
AS O A A A II IÓ $75,375 $0.225 


V 
Collector: Aero Promoter 801, Aero Promoter 825, amines, fatty acids, fuel oil, 
petroleum sulfonate, other: 
rut ))) ͤ ĩðWQſ⁵¹d oo ee O a 3,547,776 1.664 
$405 , 492 $0.190 


Pounds sl a la o 8 353 , 823 0.264 

Y eR A : ĩð- è p ⁰kmtx y cera ee ies $80,381 $0.060 
Flocculant: 

f/ ces et et ee bee a Suma rS ad a 26,761 0.059 

TEE? $11,430 $0.025 
Total reagents: 

FFP AAhAſſͥſ a a aa EE E 12,323,068 5.779 

pe Op" $1,048,018 $0.491 


1 Based on 13 operations accounting for 90 percent of total ore. 
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Table 35.—Froth flotation of fluorspar ores in 1970 


OPERATING DATA 


Plants: Water used, gallons: 
Number 4 Total... Ente eed millions. . 652.7 
Capacity....... short tons per day 1,750 Per tOn- -condenda m w 1,560 

Ore treated: Ball consumption: 

Short tons_.....---....----------.- 418,500 Total AA pounds.. 838,799 
Fluorspar................- percent. 43.21 PFI ³² ee 0.8 
ge, A used | kilowatt-hours: Liner consumption: 
33 ²˙ . Rm millions 26.8 Total....................pounds.. 108,265 
Per a CHIMIE 8 64.1 Per Soliva eo oe ee dieses 0.285 
CONCENTRATES PRODUCED 
Fluorspar Lead Zinc 
Quantity | Grade Recovery Quantity Grade Quantity Grade 
(short tons) (percent) (percent) (short tons) (percent) (short tons) (percent) 
160,019 94.23 84 1,568 70.34 17 ,625 61.32 
CONSUMPTION OF FLOTATION REAGENTS 
Function and name Total Per ton 
Monner Salt, Nalco, soda ash, sodiam hydroxide, sodium pyrophosphate, sodium 
silicate: : 
Found ns 6,207,827 14.885 
l e ⁵⁰ d 387, 761 30.210 
ner Copper sulfate: 
e ek y 8 365, 588 0.946 
Value %%. ³ d kms eal SEE 391,976 30.238 
Mi reds Aero Depressant 633, Quebracho, sodium cyanide, starch, zinc hydro- 
su : 
(( ↄ dvi cu ee SS uu E t d cu aM E 1,041,121 2.695 
Valle. a ld ej $178,857 $0. 463 
Collector: Aerofloat 31, Aerofloat 211, fatty acids, potassium amyl xanthate, potas- 
sium ethyl xanthate, "Sodium Aerofloat: 
ron: cC ER ³ . a ass, aus 419,652 1.008 
7!!! ð ͤ ⁵ ᷣé„—dö . x 8 384, 635 30.202 

Frother: Methyl isobutyl carbinol, pine oil: 

PoundB. o ue c ee 124,376 0.322 
JJ/CöõÜ5ê¹rdãmdddddddddddũͥñ ß ß $21, „075 30. 055 

Floceulant 
C111öÄöͤÜðC1.ͥͥ % ꝛo¹—»aͥ.. A . ⁊ðß E UT Sus es E 963 0.030 
Valle. capta id /. ⁵v 88 31,478 30. 046 

Total reagents 
Ff iS A a 8,159,527 19.498 
Val c ce EE $465,182 $1.113 
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Table 36.—Froth flotation of iron ores in 1970 
OPERATING DATA 
Plants: Rod consumption, pounds: 
A AA 6 Total. 2e ls ose able 14,296,675 
Capacity...... short tons per day 55,700 Pr...... 8 0.928 
Ore treated: Ball „ pounds: 
Short Gong s dices 215286100: ee è lO eee oe 21,937,656 
JFF; HENRI e usa es percent. 33.7 FFF 1.426 
Ene used, kilowatt-hours Liner consumption, pounds 
A A . millions. . 795.7 / ĩ˙·ꝛ . 4,636,630 
/ ³˙iüwmm % as 29.2 Pr s Oe oes 0.174 
Water used, gallons: 
A E millions.. 53, 450. 0 
FE - ( s 1,960 
CONCENTRATES PRODUCED 
A O ee A ee DoD ⁰ eee short tons.. 11,927,496 
TON A A A M k percent. . 63.9 
E e EE o---- 83 
CONSUMPTION OF FLOTATION REAGENTS 
Function and name Total Per ton 
Modifier: Sodium silicate, sulfuric acid: 
LA A pp eee Cee cee 23,630,257 4.879 
( »A ee yt tA ]ðé. Ae Ee $302 , 784 30. 056 
Depressant: Sodium fluoride 
7 Eege 210,518 0.343 
A A IRE tase eae a eee AA $49 , 817 $0.081 
Collector: Aero Promoter 899, amine, Arosurf, fatty acids, fuel oil: 
d Tt TEE 26,672,577 0.978 
CC E ð yßęß mt oer aren 31,771, 006 30. 065 
Frother: 
FCC eae ie ⁵ u uuu y E ĩ ⁵ eat sns 51,811 0.024 
JV PE Pap ys y sce ce $6,995 $0.003 
Flocculant: Nalco, polyacrylamide, Superfloc 
POUNCE EE 205 , 029 0.016 
Vale; super . dddddꝙddddſdfͥ/ũ yy y y Meeks 3204, 870 30.016 
Total reagents: 
hl ow 50,770,192 1.861 
$0.086 


.. - $2,385,472 ; 
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Table 37.—Froth flotation of limestone-magnesite ores in 1970 


OPERATING DATA 


Plants: 
OAI A a 4 
CAPA in e a short tons per day.. 4,600 
Ore treated nonae tc ja short tons.. 1,094,400 
Concentrate produeed rr FFF do 868 , 621 
CONSUMPTION OF FLOTATION REAGENTS 
Function and name Total Per ton 
Modifier: 
ST t ccu . 8 888,853 4.441 
bur uu "Ht ͥ d $30,004 $0.150 
Depressant 
pone /)/)õͤõĩõĩõĩ;ỹ ð ...... 8 993,730 4.965 
ö) 8 $35,774 $0.179 
Collector: Adogen, fatty acids, fuel oil: 
Pounds CCC 3,171,029 2.898 
Cl o o kr; c u s $212,319 $0.194 
Frother: Igepal, pine oil: 
TL EE 59,342 0.219 
aliB. 2.2. A ee $14,099 $0.052 
Flocculant: Separan: 
ae e e A A du. 15,242 0.015 
VEH, TC ae $21,944 $0.021 
Total reagents: 
Pounda AAA ² “Gũñßb iod S LM dd MU ES 5,128,196 4.686 
A il Lett M LI E e d $314,140 $0.287 
Table 38.—Froth flotation of phosphate ores in 1970 
OPERATING DATA 
Plants Ore treated Energy used Water used 
(kilowatt-hours) (gallons) 
Capacity 


Number (hort tons Quantity Paix Total Total 
per day) (short tons) (percent) (millions) Per ton (millions) Per ton 


19 305,900 64,790,900 12.1 529.3 8.2 234,119.1 3,615 


CONCENTRATES PRODUCED 


Quantity csi short tons... 18,559,945 
PIO Content. init ee eee ⁰ðyꝗ³ꝶęꝶk -m percent. . 82.9 
N A A Loos ecd P LE see e ERI do.... 78.0 


CONSUMPTION OF FLOTATION REAGENTS 


Function and name Total Per ton 

Modifier: Ammonia, sodium hydroxide, sulfuric acid: 

Pounds: o u l eo ni il ee DE 134,346,171 2.150 

CH TEE $1,797, ,221 $0.029 
Collector: Amine, fatty acid, fuel oil, kerosine: 

JC ce d eee yd c tu Ed AIC 515,594,226 7.958 

CH IT $10, 845, 540 $0.167 
Frother: Pine oil: 

/ A A k Sur 688 ,683 0.069 

Valié eT MH $133, 462 $0.014 
Flocculant: 

i cesse e as 28,000 0.056 

l ————————— —— ———— Á——— Sa s $26,600 $0.053 
Total reagents: 

Pouhde..—— cursu ee 650, 657, 080 10.042 


Values 5. ———— ———————— ——————— P $12,802,823 $0.198 
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Table 39.—Froth flotation of potash ores in 1970 
OPERATING DATA 
Plants Ore treated Energy used Water used 
(kilowatt-hours) (gallons) 
Capacity Quantity Ka Total Total 
Number (short tons (short tons) (percent) (millions) Per ton (millions) Per ton 
per day) 

8 52,200 11,702,000 18.76 184.0 15.7 3,348.5 285 
CONCENTRATES PRODUCED 
A IIA short tons.. 3,271,965 
EO AA O A ee 8 percent. 57.20 
KO recovery 0 ⁰˙—: ... sn LEN LE do- 85 
CONSUMPTION OF FLOTATION REAGENTS 

Function and name Total Per ton 

Modifier: Ammonia, hydrochloric acid, phosphates, sodium hydroxide: 

e ]!!! EE padat Pe h A E 10,888,518 1.200 

F vo ee $331,570 $0.037 
Bed Starch, other: 

e ß , . ia 6,220,460 0.641 

777% CN A ae 8 $400,755 $0.041 
Collector: Amine, fuel oil 

Pounds )))õͤõͥõõĩ ERES II o aa 5,021,954 0.429 

J A E CORREO a eee iS PE $1,078,699 $0.092 

Frother: Barrett oil, methyl isobutyl carbinol, pentasol: 

IL EEN 1,670,258 0.143 

Jr ce d ⁰⁰ $186,010 $0.016 
Flocculant: Guar, Separan, Superfloc 

Pound8 AS W 8 646,314 0.063 

E A IA ð $385,261 $0.037 
Total reagents 

Poun di- o m :: ² ↄi]ꝛ ð f ĩðͤ mau 24, 447, 499 2. 089 

% ³¹¹à ⁰ͥ aau—ꝛ—¾æ ff ⁰ydms x Z s $2,382,295 $0.204 
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Table 40.—Froth flotation of anthracite in 1970 


OPERATING DATA 


Plants 
Number <= it Los eant ea DeC UM HEC LUE ß es 4 
%;ͤ ECT short tons per day.. 4,000 
Raw coal treated: <a cae short tons.. 1,236,000 
Clean coal produced. ostia ia a a TSS u EM E do.... 355,000 
CONSUMPTION OF FLOTATION REAGENTS 
Function and name Total Per ton 
Collector: Fuel oil, kerosine: 
cou Lam iuc ² DLL PE riu Med S cc hee 8,505,729 2.886 
Kee 8 $64,159 30.052 
Frother: es? 65, pine oil: 
SUE TEE 895,019 0.820 
VA a ddddddſddꝙũ x E x ed LE $63,382 $0.051 
Total reagents 
POUNGS 220: ⁵³¹¹¹ AAA eii ]ꝛ ¾mwG]y y mn 8 3,900,748 8.156 
Vales se hee EE sues $127,641 $0.108 
Table 41.—Froth flotation of bituminous coal in 1970 
OPERATING DATA 
Piants: 
UE oe de 62 
%%%Qͥͥͥ̃ VUE ..... 8 short tons per day 58, 400 
Raw: coal treated. aia ³Ä0 “!. ͥ Add A short tons.. 11, 770, 200 
Clean coal produced d...... d is do.... 8,068,200 
CONSUMPTION OF FLOTATION REAGENTS 
Function and name Total Per ton 
Modifier: Lime, sulfuric acid, other: 
eet NAE M E PEE d cet a ee x 8 2,716,208 2.861 
n Sores ies ha is CR rn ee ee 8 $98,174 $0.098 
Collector: Fuel oil, kerosine: 
Pounce Ie roux c RT m mas 4,265,992 1.657 
VAN ete EE RC ERE $82,088 30.032 
Frother: S Aerofroth 71, Aerofroth 77, methyl isobutyl carbinol, pine oil, other: 
POUNGS MEME ee eee d 2,168,955 0.192 
H EE $368,240 $0.083 
Flocculant: Aerofloc, alum, Calgon, Dowall, Nalco, Percol, Polyhall 8-295, Separan, 
starch, Steinhall, sulfuric acid, Superfloc: 
DUTY RNA AAA 2,204,030 0.209 
EN EE $1,208,988 30.114 


A AAA — ——— —— 7 11,355,185 


0.965 
M...... “rA ᷑ ł .... $1,747,490 30. 148 


Statistical Summary 


By Mary E. Daugherty * and Nellie W. Fahrney * 


This chapter summarizes mineral produc- 
tion in the United States, its island posses- 
sions, the Canal Zone, and the Common- 
wealth of Puerto Rico. Tables showing the 
principal minerals exported from and im- 
ported into the United States, and com- 
paring world and U.S. mineral production 
also are included. Further details are con- 
tained in the commodity chapters of volume 
I and the area chapters of volume II. 

Mineral production may be measured at 
any of several stages of extraction and proc- 
essing. The stage of measurement used 
in the chapter is normally what is termed 
“mine output.” It usually refers to minerals 
in the form in which they are first extracted 
from the ground, but customarily includes 
for some minerals the product of auxiliary 
processing operations at or near mines. 


Because of inadequacies in the statistics 
available, some series deviate from the fore- 
going definition. The quantities of gold, 
silver, copper, lead, zinc, and tin are re- 
corded on a mine basis (as the recoverable 
content of ore sold or treated). The values 
assigned to these quantities, however, are 
based on the average selling price of refined 
metal, not the mine value. Mercury is mea- 
sured as recovered metal and valued at the 
average New York price for metal. 

The weight or volume units shown are 
those customary in the particular indus- 
tries producing the respective commodities. 
No adjustment has been made in dollar 
values for changes in purchasing power of 
the dollar. 


1 Statistical assistant, Minerals Yearbook. 


Table 1.—Value of mineral production 1 in the United States, by mineral groups 


(Millions) 
Year Mineral fuels Nonmetals Metals Total 3 
(except fuels) 
öĩ§ĩ[˙ ⁰ -mà 315,088 $5,176 $2,703 $22,968 
/// II IN 16,195 5,200 2,883 28,729 
1968 —.2.- 12-2292 ᷣ K A E E 16,820 5,448 2,708 24,971 
JJ ⅛ðÄͤA ee ete ce 17,965 r 5,624 r 9,832 r 26,921 
1970.1 2.22 ers oe eet 8 20,153 5,711 8,926 29,790 
r Revised. 


1 Production as measured by mine shipments, sales, or marketable production (including consumption by 


producers). 


2 Data may not add to totals shown because of independent rounding. 
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Table 3.—Minerals produced in the United States and 
principal producing States in 1970 


Mineral Principal producing States, Other producing States 
in order of quantity 

Antimony..................... Idaho, Alaska, Nevada.......... Calif., Mont. 

ADHUOL. au A secas Va. 

Asbestos. ___...-.-.----------- Calif., Vt., Ariz., N.C. 

Asphalt Tex., Utah, Ala., Mo. 

Sill. ⁵ĩðiĩ 8 Mo., Nev., "Ark., GGG» OE Calif., Tenn. 

Bauxite.......---------------- Ark., Ala., Ga..-...------------ Oreg., Wash. 

Beryllium. ...................- Utah, S. Dak., Colo., Maine. 

BOofOh.:lo oca A Calif. 

Beomnex⸗ Ark., Mich., Calif. 

Brueitiee Nev. 

Caleium-magnesium chloride Mich., Calif. 

Carbon dioxide................. N. Mex., Calif., Colo., Utah. 

Cement AAA Calif., Pa., Tex., Mien Ala., Ariz., Ark., Colo., Fla., Ga., 
Hawaii, "Idaho, Ill. Ind., Iowa, 
Kans., Ky., La, Maine, Ma., 
Minn., Miss., Mo., Mont., Nebr., š; 
Nev., N. Mer, a Y. N. C., Ohio, 
Okla., Oreg., S S. Dak., Tenn., 
Utah, „Va., Wash” W W. Va., Wisc., 

AN RESCUE Ga., Tex., Ohio, NC AIL other States except Alaska and 

%%%§ö§é*öy AAA W. Va., Ky., Pa., III Ala., Alaska, Ariz., Ark., Colo. nds 
Iowa, a Md., Mo., 
N. Mex., N. Dak. h. W. Okla. és 
Tenn., Utah. Va., Wash 

Cobalt Pa. 

e, io Ariz., Utah, N. Mex., Mont Calif., Colo., Idaho, es Mich., 

o. - ev., Okla. 4, Oreg., Pa., 

Tenn., Wash. 

Diatomite....................- 8 Nev., Wash., Aris ....-- Oreg. 

Emery... . . . . . . . . . . .. .. N.Y 

Feldspar. ..------------------- N.C. Calif., Conn., S. Cc. Ariz., Colo., Ga., Maine, S. Dak., Va. 

Fluorspa . . . III., Colo., Utah, Mont. Ky., Nev., N š Mex. 

Garnet, abrasiven , Ida ho. 

Gold. A A bus usu aZ S. Dak., Nev., Utah, Ariz....... Alaska, Calif., e Idaho, Mont., 

N. Mex., Oreg., Pa., Tenn., Wash. 

Graphite Tex. 

Gyp8um----------------------- Mich., Tex., Iowa, Cali Ariz., Ark., Colo., Ind., Kans., TA 
Mont., Nev., N. ' Mex., N.Y., Ohio, 
Okla., S. Dak., Utah, Wa. Woo. 

Helium._____._..... . . . . ee sees Kans., Tex., Okla., Ariz......... N. Mex. 

e Mich. 

Iron .. ⁵ð2i dër Minn., Mich., Calif., Mo Ala., Ariz., Colo., Ga., Idaho, Mont., 
Nev., N. Mex., N.Y., N. C., Pa., 
Tex., Utah, Wisc., Wyo. 

Kvanite Va., Ga. 

PT Y cR Mo., e Utah, Colo. ........ Ariz., Calif., Ill., Kans., Mont., Nev., 
N. Mex., N.Y., Okla., Oreg., S. 


| Dak., Va. Wash., Wis. 
A ie cien Ohio, Pa., Mo., Ten Ala., Ariz., Árk., Calif., Colo., Conn., 
Fairs Hawaii, Idaho, Ill., Ind., 
Iowa, Kans., La., Md., Mass., 
Mich., Minn., Miss, Mont. kas 


Nev., d n Mex. „ N. Y., 
Dak., Ze, S. Dak., Tenn., os 
Utah, Wi W. Va., Wis " 
Lithium- cacas rastas N.C., Nev., Calif 
|" AAA ev. 
Magnesium Chloride............ Tex. 
Magnesium Compounds......... Mich., Tex. e Groe N DEE Fla., Miss., Utah. 
Manganese ore N. Mex. E 
Manganiferous ore Minn., N. Mex, Utah. 
Manganiferous residuum. ....... N.J. 
Marl, greensand................ N.J., Md. 
Mercury. Cant. A Nev., Alaska, Idaho Ark., N.Y., Oreg., Tex., Wash. 
Mica: Serap- ..---------------- N.C., Ala., Ga., S. G... Ariz., Golo, Conn. , N.H., N. Mex., 
Molybdenum. ................. Colo., Ariz., Utah, N. Mex...... Calif., Nev. 
Natural gas Tex., La., Okla., N. Mex........ Ala., ' Alaska Ariz., Ark. ere 
Colo., Ill., Ind., Kans , Ky., M „ Md., 
Mich., Miss., Mo. S Mist! Nebr, s; 
N.Y., N. Dak., Ohio Pa., Tenn., 
Utah, Va., W. V 
Natural gas liquids. ............ Tex., La., Okla., N. Mex........ Ala., A Ark., Calif. ¿Solo a III., 
„Ky., Mie , Mont., 
Nebr.” N. Dak. Pr. Utah’ W. Va., 
Wyo. 
Nickel A sede sees cz 
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Table 3.—Minerals produced in the United States and 
principal producing States in 1970—Continued 


Mineral Principal producing States, Other producing States 
in order of quantity 
Peat. cosa duse eee eons Mich., Ill., Fla., N. JJ. Calif., Colo., Idaho, Ind., Iowa, 


Maine, Md., Mass., Minn., Mont., 
N. Mex., N.Y., N. P: Ohio, 
Pa., S.C., Vt., Wash., W 


Perlite N. Mex., Ariz., Calif., Nev....... Colo., Idaho, Utah. 
Petroleum Tex., La., Calif., Okl aaa. Ala., Alaska, Ariz., Ark., Colo., Fla., 


IIl., Ind., Kans „Ky., Mich., Miss., 
Mo., Mont., Nebr., Nev., N. Mex., 
N.Y., N. Dak., Ohio, Pa., S. Dak., 
Tenn., Utah, Va., W. Va., Wyo. 


Phosphate rock. ............... Fla., Idaho, Tenn., N.C......... Ala., Calif., Mont., "Utah, Wyo. 

Platinum-group metals.......... Alaska. 

Potassium salt N. Mex., Calif., Utah........... Md., Mich. 

Pumice.......................- Oreg., Ariz., Calif., Hawaii Colo. „ Idaho, Kans., Nebr., Nev., 
N. Mex., N. Dak., Okla., Tex., 
Utah, Wash. 

FFI 8 Tex. e Colo., rt Ariz. 

8 metals Calif., 

ah K K Sees La., Fex., N. Y., Ohio Ala. e e SE , Hawaii, Kans., 
Mich., , N. Mex., N. Dak., 
Okla., Utah. Va., W. Va. 

Sand and gra vel Calif., Mich., Minn., III. All other States. 

/ Idaho, Ariz., Utah, Mont. Alaska, Calif., Colo., Maine, Mich., 

., Nev., N. Mex., N.Y., Okla., 

Oreg., Pa., S. Dak., Tenn., Wash. 

Sodium earbonate Wyo., Calif. 

Sodium sulf ate Calif., e? cece fees Utah, Wyo. 

Staurolitekeeke Fla. 

Stone: A oct ete cae oats Pa., III., Ohio, Cali All other States except Del. 

Sulfur (Frasch )))) La., Tex. 

Talc, soapstone, pyrophyllite ` N.Y., Calif., Vt., Tek Ala., Ark., Ga., Md., 1 7 10 Nev., 

N. C., Oreg., Pa., Va. „ Was 

Tih oz ¿zz ˙⅛·1V A s SE AE 

Titanium la., N. J., G aa Va. 

Tripoli—— * rii. Y ka? Ark., Pa. 

Tungeten --------------- Calif., Colo., Nev., N. Cc. Ariz., Idaho, Mont., Utah. 

A AS N. Mex., Wyo. - Colo., Utah..... S. Dak., Tex., Wash. 

Vanadium Colo., Ark., Idaho, Utah........ N. Mex., S. Dak. 

Vermiculite Mont. „ S. C. 

Wollastonite................... Y 

KA), TEE Tenn., N.Y., Colo., o Ariz., Calif., Idaho, Ill., Kans., Ky., 


aine, Mont., Nev. „ Nd., 
Mex., Okla., Pa., S. Dak., Útah, 
Va., Wash., W 
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Table 4.—Value of mineral production in the United States and 
principal minerals produced in 1970 


Value 
State (thousands) 
Alabama 8323, 245 
Alaska 338,271 
Arizona 1,166,767 
Arkansas 225, 622 
California 1,897,136 
Colorado... 389,789 
Connecticut 28,383 
Delaware 1,615 
Florida 300,042 
Georgia 203,225 
Hawaii 28,965 
Idaho 119,748 
Illinois 688 , 697 
Indiana 255, 786 
Ee EE 120,822 
S8 586,161 
Kentucky. ......... 847 , 465 
Louisiana 5,102,321 
Maine 23,780 
Maryland.......... 88,216 
Massachusetts 50,860 
Michigan 670, 729 
Minnesota 633 , 006 
Mississippi 249,973 
Missouri 392, 996 
Montana 313,016 
Nebraska 72, 657 
Nevada 186,349 
New Hampshire..... 8,730 
New Jersey......... 89,281 
New Mexico........ 1,060,358 
New York 99,564 
North Carolina 98,8365 
North Dakota 96,047 
Oboe htc e 612,166 
Oklahoma 1,137,267 
Oregon 68,101 
Pennsylvania 1,095,743 
Rhode Island 4,386 
South Carolina...... 56,365 
South Dakota....... 61,576 
Tennesse 220,465 
Texas__ ĩ ts 6,402,462 
DT 601,997 
Vermont 27,843 
Virginia 874,821 
Washington......... 90,922 
West Virginia 1,285,364 

Wisconsin 87,6 
Wyoming 705, 533 
Total. ......- 29,789 ,668 


Rank 


Percent 


of U.S. 
total 


ka On 


G N 


CO pat ta 


22 NN 


Principal minerals, in order of value 


Coal, cement, stone, petroleum. 
Petroleum, sand and gravel, natural gas, stone. 
Copper, molybdenum, sand and gravel, cement. 
Petroleum, bromine and bromine compounds, natural 
gas, bauxite. 

Petroleum, natural gas, sand and gravel, cement. 
Molybdenum, petroleum, coal, sand and gravel. 
Stone, sand and gravel, feldspar, lime. 
Sand and gravel, clays, gem stones. 
Phosphate rock, stone, cement, sand and gravel. 
Clays, stone, cement, sand and gravel. 
Stone, cement, sand and gravel, pumice. 
Silver, phosphate rock, lead, zinc. 
Coal, petroleum, stone, sand and gravel. 
Coal, cement, stone, sand and gravel. 
Cement, stone, sand and gravel, gypsum. 
Petroleum, natural gas, natural gas liquids, helium. 
Coal, stone, petroleum, natural gas. 
Petroleum, natural gas, natural gas liquids, sulfur. 
Cement, sand and gravels stone, copper. 
Stone, cement, sand and gravel, coal. 
Stone, sand and gravel, lime, clays. 
Iron ore, cement, copper, sand and gravel. 
Iron ore, sand and gravel, stone, cement. 
Petroleum, natural gas, sand and gravel, clays. 
Lead, cement, stone, iron ore. 
Petroleum, copper, sand and gravel, cement. 
Petroleum, cement, sand and gravel, stone. 
Copper, gold, sand and gravel, diatomite. 
Sand and gravel, stone, clays, gem stones. 
Stone, sand and gravel, zinc, magnesium compounds, 
Petroleum, copper, natural gas, potassium salts. ` 
Cement, stone, salt, sand and gravel. 
Stone, sand and gravel, cement, phosphate rock. 
Petroleum, coal, sand and gravel, natural gas. 
Coal, stone, lime, sand and gravel. 
Petroleum, natural gas, natural gas liquids, stone. 
Sand and gravel, stone, cement, nickel. 
Coal, cement, stone, sand and gravel. 

and and gravel, stone, gem stones. 
Cement, stone, clays, sand and gravel. 
Gold, sand and gravel, stone, cement. 
Stone, coal, zinc, cement. 
Petroleum, natural gas, natural gas liquids, cement. 
Copper, petroleum, coal, molybdenum. 
Stone, sand and gravel, asbestos, talc. 
Coal, stone, cement, sand and gravel. 
Sand and gravel, cement, stone, uranium. 
Coal, natural gas, stone, cement. 
Sand and gravel, stone, iron ore, zinc. 
Petroleum, natural gas, sodium salts, uranium. 
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Table 8.—U.S. exports of principal minerals and products 


1969 1970 
Mineral 
Quantity Value Quantity Value 
thousands) (thousands) 
METALS 
Aluminum: 
Ingots, slabs, crude. ..................- short tons__ 344,414 $172,137 408,452 $214,780 
SOTO ccc cz suce LE D A do- 86,255 ,827 57,159 20,945 
Plates, sheets, bars, ete 0 000. do 135,707 99,596 137,675 106,913 
Castings and forgings----------------------- do.... 4,360 10,473 , 438 , 068 
Antimony: Metals and alloys, cerude_____ do 207 216 544 
Bauxite, ineluding bauxite concentrates 
thousand long tons rb 456 3 245 
Aluminum sulfate... ------------------ short tons 12,274 367 17,726 578 
Other aluminum compounds do.... 1,038,680 85,850 1,134,707 92,633 
lh a ia pounds 28,951 630 41,353 1,021 
Bismuth: Metals and alloy s do.... 447,931 1,515 910,275 2,332 
Cadmium___._._. 8 thousand pounds 1,085 3,254 373 997 
Chrome: 
Ore and concentrates: 
Ferres thousand short tons 49 1,915 41 2, 582 
Reexports. -.-------------------------- do 150 5, 806 78 2,572 
Fertochrome -2-2-2-2 aaMMMMMM do. 25 5,679 28 8,259 
b;; cada ole aa thousand pounds 3,257 5,951 2,699 5,798 
Columbium metals, alloys and other forms 
do.... 41 601 46 562 
Copper: 
Ore, concentrate, composition metal and unrefined 
(copper content short tons 5,517 5,113 69, 343 65, 869 
Refined copper and semimanufactures... short tons — 286,914 303,386 249,217 370,388 
Other copper manufaetures do.... 4,602 ,160 6,057 , 568 
Copper sulfate or blue vitriol.......... short tons 8,127 2,385 2,485 1,543 
Copper base alloyy s do.... 94,803 111,048 127,593 138,327 
Ferroalloys: 
Ferres... do 6,487 1,666 44,694 11,887 
à FF E —8 do- 37,351 912 33, 106 1,199 
old: 
Ore and base bullion.................. troy ounces. . 58,867 2,434 106,117 3,903 
Bullion, refined- - - - ------------------------ do.... 279,434 9,853 968,108 33,887 
Iron uote dd ca thousand long tons 5,160 62,310 5,492 67,898 
Iron and steel: 
FF A short tons 43,961 2,647 309,746 18,339 
Iron and steel products (major): 
Semimanufactures. - s do....'4,809,469  r 641,559 6,584,610 846,518 
Manufactured steel mill products......... do.... 705,579 322,826 767,140 381,695 
Iron and steel scrap: Ferrous scrap, including re- 
Kë rolling materials thousand short tons r9,177 r 302,707 10,364 447,369 
ad: 
Pigs, bars, anodes.. ...................- Short tons 4,968 3,913 7,747 4,757 
A -j le do.... 2,340 505 4,214 1,056 
Magnesium: Metal and alloys and semimanufactured 
forms, n, EE ceed. short tons 27,372 17,961 35,732 22,542 
Manganese: 
re and concentrate do. 719,796 r1,589 20,294 2,461 
Ferromanganege do 1,759 483 21,747 4,356 
Mercury: 
¡7 rns 76-pound flasks . 507 294 4,653 2,133 
Ta OFS WEE do 108 57 50 19 
Molybdenum: 
Ore and concentrates (molybdenum content) 
thousand pounds — 1 57, 575 99, 055 55,737 95,246 
Metals and alloys, crude and scrap 
do.... 21 70 671 802 
VE do. 61 1,083 107 1,252 
Semifabricated forms, n. e. 0 229 682 133 643 
S %% ³ AAA do.... r 44 r 168 829 528 
Ferromolybdenu mn do 1,455 2,381 2,014 3,088 
Nickel: 
Alloys and scrap (including monel metal), ingots, bars, 
sheets, et short tons... 29,240 64,420 26,007 64,830 
A AAA sees RE do.... 3,592 7,581 2,524 6,451 
Nickel-chrome electric resistance wire do.... 746 3,630 870 5,642 
Semifabricated forms, n.e.c. 00.2. do.... 1,180 6,487 2,055 9,001 
Platinum: ` 
Ore, concentrate, metal and alloys in ingots, bars, 
sheets, anodes, and other forms, including scrap 
troy ounces.. 223,569 30,356 270,584 32,978 
Palladium, rhodium, iridium, osmiridium, ruthenium, 
and osmium (metal and alloys including scrap) 
troy ounces 277,495 16,355 143,182 10,034 
Platinum group manufactures, except jewelry. ....... NA 4,310 NA 5,727 
Rare-earths: Cerium ore, metal, alloys and lighter flints 
pounds 103, 169 351 77, 528 275 


See footnotes at end of table. 
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Table 8.—U.S. exports of principal minerals and products—Continued 


1969 1970 

Mineral — —ʒ3ꝝ⁊ ————— 
Quantity Value Quantity Value 

(thousands) (thousands) 


METALS Continued 


Silver: 
Ore, concentrates, waste and sweepings 
thousand troy ounces.. 30,952 53,334 10,875 18,102 
Bullion, reine do.... 57,957 103,386 17,239 81,037 
Tantalum: 
Ore, metal, and other forms thousand pounds 209 2,652 762 9,884 
15 FPS ³ð—AA. ĩðé K ⁰ Da Ies do 100 2, 952 139 4,367 
in: 
Ingots, pigs, bars, etc: 
E XpDOPUS: coa e na long tons 2,362 8,459 4,009 15,222 
Nö; r; ĩð do.... 541 1,927 443 1,701 
Tin scrap and other tin-bearing material except tin- 
plate scrap... _...-.-...-------------- long tons 5,369 4,825 2,756 2,466 
Titanium: 
Ore and concentrate short tons 1,424 183 1,100 297 
Sponge (including iodide titanium and scrap) 
O---- 2,802 1,936 2,892 2,583 
Intermediate mill shapes and mill products, n.e.c 
do.... 1,773 9,206 1,740 10,435 
Dioxide and pigmentn????ęs; do.... 24,507 7,510 26,183 7,944 
Tungsten ore and concentrates: 
Epertt eee thousand pounds r 7,151 19,829 19,470 61,131 
RR A A SUED a 188 341 
Vanadium ore and concentrate, pentoxide, etc. (vanadium 
content) AAA thousand pounds 516 1,800 1,946 5,808 
inc: 
Slabs, pigs, or blocks. short tons 9,298 2,612 288 114 
Sheets, plates, strips, or other forms, n.e.c 
do- 2, 714 1,746 1,412 1,173 
Scrap (zinc content). -.....----------------- do.... 1,989 716 3,112 1,049 
Semifabricated forms, n.e.c- ooo. do.... 28,810 6,321 25,528 5,635 
Zirconium: 
Ore and concentrate do 2,698 295 4,380 591 
Metals and alloys and other forma pounds.. 443,462 5,911 600,035 6,284 
NONMETALS 
Abrasives: 


Dust and powder of precious or semiprecious stones, 
including diamond dust and powder 


thousand carats. . 8,122 21,599 7,258 18,711 
Crushing drt cese do.... 45 265 83 154 
Industrial diamonds. ......................- do.... 345 1,634 339 1,838 
Diamond grinding wheels do.... 699 r 3,560 614 3,117 
Other natural and artificial, metallic abrasives and 
¡e AAA ⁵³ðĩ NA r 43,596 NA 40,518 
Asbestos, unmanufactured: 
Le ée a LLL tL E short tons 84,522 4,626 88,235 5,340 
Reexports.......--..-.-------------------- do.... 1,651 353 8,350 1,656 
Boron: Boric acid, borates, crude and refined do 233,650 24,004 233 , 200 25,680 
caan SE thousand 376-pound barrels.. 589 3,189 847 5,211 
ays: 
Kaolin or china clay. .................- short tons 477,674 14, 789 816,284 27,294 
¡AA mw wdv. deu do.... 162,557 2,621 167,308 3,464 
Other Clays u: u l ðͤ pesas seda do 1 930,237 r 28,256 1,071,087 35,358 
p . do 3, 605 213 14,952 1,145 
do A ] Ä K do- 5, 655 682 5,783 701 
Gypsum: 
Crude, crushed or calcined  _ ___ thousand short tons 40 2,003 41 1,915 
Manufactures, n. e. ee NA 1,443 NA 1,560 
Kyanite and allied minerals. short tons 19,696 1,353 24,024 1,622 
A pis eae oe eee do.... 51,006 1,153 53,876 1,391 
Mica sheet, waste and scrap and ground pounds..11, 810, 008 1,274 17,459,607 1,422 
Mica, manufactured 638,830 1,834 1,260,780 8,310 
Mineral-earth pigments: Iron oxide, natural and manu- 
ae 88 short tons 3,992 1.439 4, 565 1,621 
Nitrogen compounds (major)) thousand short tons r4,009  r184,098 3,421 150,735 
Phosphate kk ð da do.... 11,369 87,418 11,738 89,898 
Phosphatic fertilizers (superphosphates) 
do 847 33,922 774 28,645 
Pigments and compounds (lead and zinc): 
iir short tons 1.688 686 1,516 649 
Zine pigment ls do- 4,865 1,641 7,867 2,866 
Potash: 
Fertiliger <a 8 do.... 1,232,636 33,061 966,410 28,490 
Chemical... ooo asa do.... 26,620 4,712 80,377 8,450 
Quartz, natural, quartzite, cryolite and chiolite 
do.... 794 165 671 108 


See footnotes at end of table. 
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Table 8.—U.S. exports of principal minerals and products—Continued 


1969 1970 
Mineral 
Quantity Value Quantity Value 
housands thousands) 
Set NONMETALS—Continued 
alt: 
Crude and refined thousand short tons 716 4,486 423 3,657 
Shipments to noncontiguous Territories 
do.... 14 1,200 16 969 
Sodium and sodium compounds: 
Sodium sulfateeeeee ek do- 91 2, 644 55 1,668 
ë Sodium carbonate. .-.------------------------ do.... 324 10,326 336 12,007 
tone: 
Dolomite, bock ` -------------------------- do 93 1,809 77 1. 454 
Limestone, crushed, ground, broken 
do 1,382 3,189 1,755 3,459 
Marble and other building and monumental 
thousand cubic feet. NA 863 NA 877 
Stone, crushed, ground, broken thousand short tons 284 3,569 388 3,288 
Manufactures of stone. ..... 2. oo NA 798 NA 1,318 
Sulfur: 
CFüde... usu uu L Z. E thousand long tons r 1,549 r 57,449 1,429 33,096 
Crushed, ground, flowers of____ do.... r2 r 334 4 955 
Tale, crude and ground..................... Short tons 69,022 3,713 104,946 5,788 
MINERAL FUELS 
5 k! ais thousand pounds.. 196, 203 22, 915 192, 636 24, 505 
oal: 
Anthra cite thousand short tons 627 8,420 789 11,215 
Bitumn os ceci do- 56,234 585,452 70,908 950,232 
BFIQUOeUS. e sea do.... 78 8,952 69 3,73 
CORB. oui at ce ·˙¾⅛ . tog do.... 1,629 38,510 2,514 78,885 
Petroleum: 
hh. thousand barrels. . 1,436 3,694 4,991 17,225 
Gelees a is do r 1,874 r 14,475 1,049 10,362 
| ew HURTS do- r 326 r 1,323 63 228 
NN AAA do.... r 3,224 r 24,638 2,052 19,249 
ée, EE do. r 151 r 1,312 118 973 
Distillate ol... do r 2,403 r 8,849 1,681 5,555 
Residual 01. uu ia lord do 116, 766 r 34,005 19,801 45,734 
Lubricating ol... do "16,089  r186,814 15,712 189,374 
Asphalt ¿aci e cada do.... t 413 r 3,615 399 ,668 
Liquefied petroleum gases do... 712,781 r 84,297 9,932 31,674 
OKs rt E A A do.... r 1,616 32,724 1,783 40,862 
A AA c ⁵ð ö 8 do "23,028 74,176 30,515 97,654 
Petrochemical feedstock do- r 3,829 18, 170 3,754 19, 856 
Miscellaneous do r 908 18,651 1,061 21,831 
TOUR rasce hs A A sa da riu e nem XX r 4,412,016 XX 5,455,967 
r Revised. NA Not available. XX Not applicable. 
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Table 9.—U.S. imports for consumption of principal minerals and products 


Mineral 
METALS 
Aluminum: 
Metal aia a uuu short tons 
SClA0 A x 98 
Plates, sheets, bars, ete ` do- 
Aluminum oxide (alumina). zz do 
Antimony: 
Ore (antimony content)... do 
Needle or Dousted do 
ꝙ%ôöĩÄ7t—òꝰ , IAE do- 
/// y ⅛ KK ⁰⁰ ble do 
Arsenic: White (As: O; content do 


Bauxite: Crude 


thousand long tons 


Beryllium ore”e. short tons 
n . - pounds 
Boron carbid ` do 
Cadmium 

M! 8 thousand pounds 

Flue dust (cadmium content do 
Caleium: 

, ira pounds 

Chloride....................-.. short tons.. 
Chromate: 


Ore and concentrates (Cr 20; content) 
thousand short tons 


Ferrochromnnnee do 

Mee. o e ti do 
Cobalt: 

MMR ⁰0b o u ee thousand pounds 


Oxide (gross weight) 
Salts and compounds (gross weight) 
thousand pounds.. 


Columbium ore do 
Copper: (co opper content): 

Ore and concentrates short tons 
Regulus, black, coarse. ___.....--.-..- do.... 
Unrefined, black, blister do 
Refined in ingots, EE do 
Old and ecrap. do- 

Ferroalloys: Ferrosilicon (silicon content) 
Orca 
Gold: 
Ore and base bullion........... troy ounces_ _ 
Bulls eee eee NON 
Iron ore thousand long tons.. 


Iron and steel: 


PIE (ON. o caia dw short tons 
Iron and steel products (major): 
Iron produe ts do- 
Steel poroduets -----.------------ do- 
DCAD hostess ⅛⁊« 0 k 8 do 
3 %%% suy A do- 
Ore, flue dust, matte (lead content) d 
o... 
Base bullion (lead content)............ do.... 
Pigs and bars (lead content). ......... do.... 
Reclaimed scrap, etc. (lead content) A 
o... 
Sheets, pipe and shot. ............... do 
Magnesium: 
Metallic and scrap................... do- 
Alloys (magnesium Gopntent). do. 


Sheets, tubing, ribbons, wire, other forms 


(magnesium content) 
nese: 


Man 


short tons 


re (85 percent or more manganese) (man- 


ganese content) 
Ferromanganese (manganese content) 


short tons 


do- 

Mercury: 

Compound ounds 

Metal. usos sels 76-pound flasks 
Minor metals: Selenium and salts . pounds 
Nickel: 

Pigs, ingots, shot, cathodes. ...... short tons 

A Sees do- 

OxidB. ĩ˙’˙⸗iA· m m aa do.... 


See footnotes at end of table. 


1969 


Quantity 


468,236 
,850 

r 57,168 
1,912,474 


12,098 


422,133 


1,078 
1,115 


r 662,200 
6 


506 
r 37 
1 


12,037 
1,175 


131 
4,161 


3,588 
6 


241,712 
131,171 
r 5,692 


16,944 


236,738 
5,624,649 
r 40,732 


r 404,888 


35,012 
13,983,804 
311,350 
23,849 


115,286 
1,993 
278, 878 


6,682 
518 


3,515 
467 


r 334 


r 979, 708 
r 239,144 


r 13,510 
31,924 
r 564,266 


r 99,656 
r 3,184 
4,013 


Value 


thousands) 


$214,845 
11,003 

r 88,437 
106,333 


5,248 


r 402,178 


r 18,445 


r 39,136 
r 32,281 


r 16 
15,207 
r 3,380 


r 209,476 
r 8,077 
6,524 


1970 


Quantity 


850,060 
36,779 
78,660 

2,554,807 


13,820 
18 


52,652 


2,492 
1,111 


164,769 
0 


, 


10,060 
286,988 
6,365,880 
876 

249, 241 
28, 609 

13, 809, 116 


9, 586 
21,707 


244,623 


2,981 
518 


2,948 
122 


225 


846,706 
226,979 


196 
21,972 
461,974 


117,371 
9 


6,423 


Value 


thousands) 


$164,227 
12,979 
53,836 
152, 587 
12,788 


54 
3,493 
10,023 


2,089 
156,362 


5,636 
166 


7,800 
2,438 


141 
859 


81,805 
9,620 
8,052 

26,020 
1,894 

92 
4,345 
77,367 
846 
245,778 
146,093 
044 


4,117 
9,992 
227,472 
479,380 
13,729 


9,886 
SE 


73,397 


798 
241 


1,566 
300 
637 


34,263 
31,563 
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Table 9.—U.S. imports for consumption of principal minerals and products—Continued 


1969 1970 
Mineral — PC T 
Quantity Value Quantity Value 
(t bousands) (thousands) 
METALS—Continued 
Platinum group: 
Unwrought: 
Grains and nuggets (platinum) 
troy ounces.. 61,560 9,741 28,937 9,828 
Sponge (platinum)............... do- 272, 794 33,665 346,069 39,585 
Sweepings, waste and scrap 
troy ounces... 127,053 5,422 64,096 6,578 
O eect A a do 5, 938 1,027 8,459 1,239 
Palladium do- 249,389 r 10,410 270,134 9,896 
Rhodium do 38,077 8,615 38,626 7,541 
Ruthenium..............-.....- do.... 7,566 391 20,816 984 
Other platinum group metals 
do.... 11,602 1,696 9,242 495 
Semimanufactured: 
Platinum... AA do- 58,249 8,018 124, 867 16, 328 
Palladium do- r 382, 783 14, 280 503, 822 17, 532 
Rhodium- steet end Seege ef do- 3,387 444 4,986 428 
Other platinum group metals 
do- 1,453 190 3,036 442 
Radium: Radioactive substitutes. NA 4,697 NA 3,472 
Rare-earths: Ferrocerium and other cerium alloys 
pounds 17,328 91 9,373 54 
Silver: 
Ore and base bullion -thousand troy ounces.. 32,332 48,115 29,246 45,040 
Bull RA do. 39,544 71,247 29,569 52,637 
Tantalum O86 . .....-- thousand pounds. . 975 8,196 1,046 3,231 
in: 
Ore SR content —— Ars 8 4,667 13,987 
„Pigs, grains, etee do- 54, 950 185, 037 50, 554 187, 662 
Drom. ns scrap, residues and tin 
alloys, n.s.p. in long tons 948 1,052 776 275 
Tin foil, powder, flitters, etc. -.------------- NA 3,458 NA 4,311 
Titanium: 
Ilmenite c short tons r 398,903 r 9,453 261,683 6,812 
il)... 8 do 204,907 16,207 243,269 19,813 
Mt 8 pounds 13, 211, 214 r 11,735 14, 190, 209 13,480 
Ferrotittanium. do.... 1,103,148 259 146,300 48 
Compounds and mixtures do er 107, 157, 550 r 19,410 121, 000, 988 22, 566 
Tungsten: (tungsten content): 
Ore and concentrates. ..... thousand pounds 1,503 3,445 1,284 3,176 
M.. a io do- r 33 r 65 35 173 
2 Other r ie rs ðͤ K aene do- r 30 r 552 190 1,560 
. Zine: 
Ore (zinc content) short tons 565,234 79,242 450,770 67,164 
Blocks, pigs, lala... do r 324,758 r 84,617 260,132 73,695 
AAA E do.... r 840 r 880 692 419 
Old, pie skimmings................ do.... 2,486 322 1,915 284 
Dust o tru ror ate do- 8,251 2, 652 9,359 3,161 
Manufactures....... LLL LLL sess sss c ss2Lz NA r 489 NA 1,276 
Zirconium: Ore, including zirconium sand 
do.... 95,414 9,858 94,759 3,704 
NONMETALS 
Abrasives: Diamonds (industrial) 
thousand carats. 14,076 52,821 13,365 49,037 
ARDEO beienee ee short tons 694,558 76,422 649,402 75,146 
arite: 
Crude and ground..................- do- 616, 573 5, 788 707, 028 6,360 
Wither ite do- 459 22 182 35 
Chemicals do. r 6,952 r 1,154 7,238 1,173 
coment „ thousand 876-pound barrels. . 9,687 24,376 13,812 84,176 
ays: 
f short tons 76, 698 1, 541 81,393 1,610 
Manufactured. do- 5, 190 209 5,147 192 
5 VJ ⁵⁵¼ũù1d]8 8 do- 20, 406 4,251 21,377 4,666 
Feldspar: Crude long tons 46 7 225 23 
Fiuorsanar. short tons 1,149,546 82,818 1,092,318 32,758 
Gem stones: | 
Diamonds...............- thousand carats.. 4,690 504,647 4,275 424,897 
Emerald do 309 9,175 326 7,715 
Other AM A ees u Es Dei NA 52,871 NA 53,431 
Graphite short tons r 58,459 2,419 66,449 3,027 
sum: 
Crude, ground, ‘calcined 
thousand short tons 5,860 12,481 6,130 13,829 
Manufacture s NA 12,121 NA 2, 684 
Iodine, erude thousand pounds 5,705 5,753 5,905 6,819 
Kynnite oca ao nd short tons 2,088 88 1,179 56 


See footnotes at end of table. 
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Table 9.—U.S. imports for consumption of principal minerals and products—Continued 


Mineral 


NONMETALS—Continued 


Lime: 
Hydrated. ...................- short tons.. 
rr A ecce do 
Magnesium compounds: 
Crude magnesaite do 
Lump, ground, caustic calcined magnesia 


short tons.. 
Refractory magnesia, dead-burned, fused mag- 
nesite, dead-burned dolomite.. “short tons__ 


Compounds eege eebe do. 
Mica: 
Uncut sheet and punch thousand pounds 
e E A A 8 do.... 
Manufacturee s do- 
Mineral-earth pigments, Iron oxide pigments: 
Natur!!! e ww short tons 
Synthetié: . co ERE do.... 
Ocher, crude and refined do.... 
Siennas, crude and refined do 
Umber, crude and refned do 
Vandyke broẽw̃ nn do- 
Nitrogen compounds (major), ineluding urea 
thousand short tons 
Phosphate, crude........................ do- 
Phosphatic fertilizer ss do 


Pigments and salts: 
Lead pigments and compounds. short tons 


Zinc pigments and compounds do... 
S uz eebe el do.... 
Pumice: 

Crude or unmanufactured. ........... do.... 

Mise? or partly manufactured do 

Manufactures, n.s.p.f. --------------------- 
AE crystal (Brazillian pebble)........ pounds.. 

Salt. diana isa thousand short tons 
Sand and gravel: 

Glass sand do 

Other sand and gra vel do 
Sodium sulf ate do 
Stone and whi ting 
Strontium: Mineraalllllln ` short tons 


Sulfur and pyrites: 
Sulfur ore and other forms n. e. s. 
thousand long tons 


Jͤͤͤͤ 8 do 
Tale: i HP RES short tons 
MINERAL FUELS 
Carbon black: 
Acetylen pounds 
Gas black and carbon black..........do.... 
Coal: 
Bituminous, slack, culm, lignite. . -short tons 
Beete s 8 o... 
LD EE EEN do 
Peat: 
Fertilizer grade do 
Poultry and stable grade do 
Petroleum: 
Crude oillè2èê¹EiFmn ------- thousand barrels 
Gasoline do 
Special oapnhtbha do 
reit 8 do 
Distillate fuel oil .........- do.... 
Residual fuel oil do 
Military jet fuel do 
Commercial jet fue˖el do.... 
Liquefied gases do.... 
f Eege do.... 
Unfinished oil......................- do.... 
BD 8 do.... 
Kunu c uc eA M ae do.... 
Petrochemical feed stocks do.... 
C ³˙¹¹¹¹ꝛAͥ anu uus 
r Revised. NA Not available. 


1969 
Quantity 


39,270 
144,471 


r 18 
15,238 


r 97,335 
48,719 


1,601 
3,078 
5,520 


2,736 
22,555 
87 
1,341 


6,240 
472 


r 1,803 
140 
83 


32,473 
23,518 


r 3,978,422 


8,424 
375,861 
NA 


1,291,003 


43 

r 855 
286 
NA 
27,803 


r 1,675 
99 
20,358 


7,097,186 
1,129,280 


r 108,904 


1,351 
173,052 


297,364 
3 


r 514,114 


XX Not applicable. 


Valu 


e 
thousands) 


$542 
1,911 


r (2) 
983 


6,481 
1,251 


1,695 
74 
3,060 


225 
4,390 
6 


146 
235 
42 


r 88,733 


477 


13,631 
121 


1,120,191 


r 8,304, 493 


1970 
Value 
th 


Quantity 


34,158 
167,432 


21 
11,476 


128,193 
39,876 


4,413,064 


10,689 
354,681 
N 


A 
975,679 


5,876,221 
8,997 


152,879 
281,429 
2 


483,293 


ousands) 


$479 
1,946 


5,679 


421 


13,766 
9,435,163 


1 Includes titanium slag averaging about 70 percent TiO». For detail see Titanium Chapter, table 9. 


* Less than 1⁄ unit. 
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Table 10.—Comparison of world and United States production of principal 
metals and minerals 


1970 » 
United States 


1969 


World rt United States World 1 
Thousand short tons Percent Thousand short tons Percent 


(unless otherwise stated) of world (unless otherwise stated) of world 


Mineral 


MINERAL FUELS 


Gite black. _ thousand pounds.. 5,703,294 2,963,261 52 5,878,769 2,931, 153 50 
0a 
Bituminous.................- 22,134,471 555, 493 26 22,218,464 596,970 27 
¡5 A 837,472 5,012 1 867,984 5,963 1 
Pennsylvania anthracite....... 199,020 10,473 5 201,622 9,729 5 
Coke (excluding breeze): 
Gashouse 71̃ . 22... 29,8577 . NA /// AAA 
Oven and beehi ve 366,210 64,757 18 382,510 66,525 17 
Natural gas (marketable) 
million cubic feet... 34,325,102 20,698,240 60 87,820,609 21,920,642 58 
Pet . 8 203, 536 572 (4) 217,471 517 (4) 
Petroleum (crude) 
thousand barrels.. 15,214,038 3, 371, 752 22 16,689,617 3, 517, 450 21 
NONMETALS 
Asbestoss 3, 640 126 3 3, 826 125 3 
i A 4,235 1,077 25 4,221 854 20 
Cement 
thousand 376-pound barrels. 3,179,863 5 416,652 13 3,350,142 5406,721 12 
,, . . Ve RES 13,847 64,739 34 14,390 64,926 34 
Corunduwum̃m- '&Rl FFT 8 usted ea 
Diamonds thousand carats 40,863 222222 aaa 42.950. n. uncle cua sos 
Diatomite. ...............-...-.- 1,785 598 94 1,783 598 94 
Feldspar...... thousand long tons 2,945 674 29 2,298 648 28 
, Susa masata kasa 4,229 183 4 4,600 269 6 
SSFphte a We ER 424 W NA 417 W NA 
GSyps umme 56,481 9,905 18 55,581 9,436 17 
Lime (sold or used by producers)... 99,067 520,250 20 105,829 5 19,788 19 
Magneaite ------------------- 12,670 W NA 13,847 W NA 
Mica (including scrap) 
thousand pounds.. 351,655 266,115 76 347,426 238,000 69 
Nitrogen, agricultural 31,649 57,869 25 33,730 58,413 25 
Phosphate rock... 90,062 37,725 42 93,858 38,739 41 
Potash ° equivalent 18, 810 2, 804 15 20, 443 2,729 13 
Pumice Pasaia id oa 16,279 3,609 22 16,036 3,134 20 
Pyrites. ...... thousand long tons 20,599 W NA 21,810 W NA 
SÜß eee mz 148,789 544,277 30 156,365 545,836 29 
Strontium AA AS / aa 
Sulfur, elemental 
thousand long tons 20,771 8,560 41 21,748 8,531 39 
Tale, pyrophyllite, and soapstone. __ 5,137 1,029 20 5,306 1,028 19 
Vermiculite 2... 466 310 67 432 285 66 
METALS, MINE BASIS 
Antimony (content of ore and con- 

centrate). .......... Short tons.. 73,044 938 1 73,152 1,130 2 
Arsenic, whitees. 56 W NA 5 w NA 
Bauxite....... thousand long tons 51,803 91,843 4 57,072 2,082 4 
Beryllium concentrate. .short tons 8,834 W NA 8,197 NA 
Bismuth........ thousand pounds.. 8,460 NA 8,918 NA 
Cadmium. ...............- do.... 38,653 10 12,646 33 35,245 109,465 27 
Chromite- -.------------------- 5,896 cc uen eee E lee 
Cobalt (eontained j 22 W NA W NA 
Columbium-tantalum concentrates 3 

thousand pounds 34,557 W NA 43,898 W NA 
Copper (content of ore and concen- 

„ AA 6,213 111,545 25 6,527 111,720 26 
Gold....... thousand troy ounces. . 46,526 1,733 4 47,356 1,743 4 
Iron ore thousand long tons 707,183 12 88,328 12 754,299 12 89,760 12 
Lead (content of ore and concen- 

Le d TP PR 3,569 1 509 14 3,751 11 572 15 
Mappe ore (35 percent or more 

SHE RP AN AA 19,196 6 (4) 20,390 5 (4) 
Mercury 
thousand 76-pound flasks. . 290 30 10 284 27 10 
Molybdenum (content of ore and 

concentrate). _ thousand pounds 142,639 99,807 70 163,648 111,352 68 
Nickel (content of ore and concen- 

Grate) A suy 533 16 3 685 15 2 
Platinum groups (Pt., Pd., etc.) 

thousand troy ounces. . 3,431 2 (4) 4,216 17 (4) 
SI soe sel ees do.... 290,469 41,906 14 301,740 45,006 15 
Tin (content of ore and concen- 

trató) a oen a long tons 224,079 W NA 226,569 W NA 
Titanium concentrates: 

Ilmenite . _ --------- 8,542 931 26 3,942 868 22 
Rutilg$- clem 7 apie cs NA 460 .......... NA 


See footnotes at end of table. 
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Table 10.—Comparison of world and United States production of principal 
metals and minerals—Continued 


1969 1970 p 
Mineral World r 1 United States World 1 United States 


Thousand short tons Percent Thousand short tons Percent 
(unless otherwise stated) of world (unless otherwise stated) of world 


METALS, MINE BASIS—Continued 
Tungsten concentrate (contained 


tungsten)....... Short tons 35, 375 3,452 10 37, 009 4,053 11 
Vanadium (content of ore and con- 
centrate) 5⁊ꝓ short tons 14,830 5,577 38 16,448 5,319 32 
Zinc (content of ore and concen- 
trate) A ees 5,892 553 9 6,061 534 9 
METALS, SMELTER BASIS 
Aluminum. . . 9,932 3,793 38 10,655 3,976 37 
¡TNT A 6,622 131,585 24 6,877 131,641 24 
Iron, pig (including ferroalloys). . . ` 456,577 97,632 21 479,151 94,808 20 
¡ET A A A 3,561 14 639 18 3,637 667 18 
Magnesium short tons 221, 748 99, 887 45 243,250 112,007 46 
Selenium 5______ thousand pounds 2,789 1,247 45 2,392 1,005 42 
Steel ingots and castings. ......... 632,010 15 41,262 22 652,735 15 131,514 20 
Tellurium . thousand pounds.. 395 234 59 357 158 44 
Tin cc esc uL long tons.. 223,426 345 (4) 222,296 NA NA 
Uranium oxide (U30;) 8. ` 
short tons 23,056 12,281 53 23,707 12,768 54 
A A ete ooo Ee 5,472 1,041 19 5,407 878 16 


p Preliminary. r Revised. NA Not available. W Withheld to avoid disclosing individual com- 
pany confidential data. 

1 Total is not strictly comparable with previous years because it does not represent total world production. 
Confidential U.S. data are excluded. The data include reported figures and reasonable estimates in some in- 
stances where data were not available, no reasonable estimate could be made and none has been included except 
for gold, silver, and pyrites. 

2 Includes small quantities of lignite for mainland China, Mongolia, North Korea, and Pakistan, and anthra- 
cite for Colombia. 

3 Includes low- and medium-temperature and gashouse coke. 

4 Less than N unit. | 

5 Includes Puerto Rico. 

* Kaolin sold or used by producers. 

7 Year ended June 30 of year stated (United Nations). 

* World total exclusive of U.S.S.R. 

° Dry bauxite equivalent of crude ore. 

10 Includes secondary. 

11 Recoverable. 

12 Tron-nickel ore. 

13 Smelter output from domestic and foreign ores, exclusive of scrap. Production from domestic ores only, 
exclusive of acta was as follows: 1968, 1,233,951; 1969, 1,547,494. 

14 Lead refined from domestic and foreign ores, excludes lead refined from imported base bullion. 

1$ Data from American Iron and Steel Institute. Excludes production of castings by companies that do not 
produce steel ingots. 

16 Includes tin content of alloys made directly from ores. 


Inj ury Experience and Worktime 


in the Mineral Industries 


By Forrest T. Moyer 


Injury experience in the mineral-extract- 
ing and mineral processing industries 
worsened during 1970. The frequency and 
severity rates for all injuries retrogressed 
5 and 7 percent, respectively, from the 1969 
data. Overall operating activity, as meas- 
ured by man-hours worked, was 2 percent 
higher than that of 1969. 


The fatality-frequency rate of 0.30 per 
million’ man-hours for all mineral-extract- 
ing and mineral-processing industries in 
1970 was 11 percent higher than in 1969, 
primarily because of the sharply worsened 
fatality experience in the coal and the oil 
and gas industries. The total of 34,515 non- 
fatal injuries in 1970 was 2,275 more than 
occurred during the proceeding year, and 
the frequency rate of 17.88 increased 5 per- 
cent over that of 1969. 


The injury-severity rate increased 7 per- 
cent to 2,593 days lost per million man- 
hours of worktime for all injuries, com- 
pared with 2,431 in 1969. There were 573 
work fatalities reported for 1970, 63 more 
than in the previous year. Four major dis- 
asters (a single accident which results in 
the death of five or more persons) claimed 
55 lives in the mineral industries during 
1970. In the coal industry, a dust explosion 
at the Finley Coal Co. bituminous coal mine 
in Kentucky killed 38 men. In the oil and 
gas industries, a premature detonation of 
experimental explosives at the research de- 
partment site of Pan American Petroleum 
Corp. in Oklahoma claimed the lives of 
five company employees (in addition, four 
employees from other industries were 
killed), an oil well blowout at a drilling 
department site of Sturm Drilling Co. in 
Texas killed five men, and the rupturing 
of a liquid-full vessel at the base of a frac- 
tionator tower at the Point Breeze refinery, 
Atlantic Richfield Co., in Pennsylvania 


killed seven men. No major disasters were 
reported in the mineral industries during 
1969. 


The safety records of the separate min- 
eral industries varied, as summarized in the 
later text and detailed in the tables of this 
chapter. 


Mine Safety Legislation and Regulations. 
—Under the Federal Coal Mine Health 
and Safety Act of 1969 (Public Law 91-173) 
of December 30, 1969, mandatory health 
and safety standards for underground work- 
ings of coal mines were developed and 
published in the Federal Register through- 
out 1970. Regulations prescribing the re- 
quirements for coal operators to notify and 
report injuries and accidents to the Bureau 
of Mines became effective December 31, 
1970. These regulations expanded and con- 
tinued the mandatory reporting require- 
ments that had been in effect since 1942. 
As required by the Act, standards for sur- 
face mines and surface work areas of un- 
derground mines were developed and pub- 
lished as proposed rulemaking near the 
end of the year.2 All activities of the Fed- 
eral government in the field of coal mine 
health and safety were expanded sharply 
during 1970 and this acceleration was at 
its highest rate at the close of the year. 


The Act established coal workers’ pneu- 
moconiosis (black lung) as a compensable 
occupational disease and part B of title IV 
of the act provided for monthly benefit 
payments to coal miners totally disabled 
due to pneumoconiosis and to widows of 
coal miners who died from the disease. By 


1Supervisory survey statistician, Office of Acci- 
dent Analysis, Office of Deputy Director for 
Health and satel: 

2 Department of the Interior. Towards Improved 
Health and Safety for America’s Coal Miners, 
1970 Annual Report of the Secretary of the In- 
terior. December 1970, 79 pp. 
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December 31, 1970 more than 247,000 claims 
for compensation had been filed, and by 
April 30, 1971, the total had reached 
286,000.3 Of the claims completed by April 
30, 1971, 120,000 were allowances (68,000 
miners and 52,000 widows) and 125,000 
were denials (96,000 miners and 29,000 
widows). By April 30, 1971, total cumula- 
tive Federal disbursements since enactment 
of the program were over $273 million, and 
monthly recurring payments were over $21 
million. 

As prescribed by the Federal Metal and 
Nonmetallic Mine Safety Act (Public Law 
89-577) of September 16, 1966, the manda- 
tory and advisory health and safety stan- 
dards became effective on July 31, 1970, 1 
year after their first publication in the Fed- 
eral Register. Through 1970, the health 
and safety activities of the Federal govern- 
ment in this area were increased.4 

Scope of Report.—The statistics in this 
chapter comprise the disabling injury and 
work experience of all personnel engaged 
in production, exploration, development, 
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maintenance, repair, and force-account con- 
struction work, including supervisory and 
technical personnel, and working partners 
at mineral-producing and mineral-proces- 
sing establishments in the United States. 
Data concerning officeworkers are excluded 
except for the oil and gas industry, for 
which such data are not separable. 

The coverage of all industries is com- 
plete except for oil and gas, in which cover- 
age varies from year to year, particularly 
with respect to small companies. All injury 
rates were calculated from unrounded data 
and in some instances, the rates cannot be 
reproduced from the rounded data shown 
in the tables. 

Most of the information was reported by 
the producer or operator, but to obtain 
complete coverage it was necessary to esti- 
mate some worktime data for nonreporting 
plants with information from other sources. 
Injury experience for these nonreporters 
was not estimated but was projected from 
the aggregate injury experience of reporters 
in the same industry. 


MINERALS 


METAL MINES AND MILLS 


Fatality experience in 1970 in the metal 
mining and milling industry was slightly 
better, but the nonfatal injury record was 
moderately worse than that of 1969. The 
total of 65 fatal injuries was three less than 
that of 1969, and the fatality rate of 0.39 
in 1970 was 9 percent better than that of 
the preceding year. Owing largely to the 
improved record of fatal injuries, the sever- 
ity rate of 3,514 for all injuries in 1970 
was 7 percent better from that of 1969. 
However, the total of 4,165 nonfatal injur- 
ies was 434 higher than in 1969 and the 
frequency rate of 25.21 in 1970 was 7 per- 
cent worse than in 1969. 

Fatality experience at copper mines and 
mills was better but the nonfatal injury 
record worsened in 1970. Owing largely to 
the better fatality record, the severity rate 
for all injuries declined. Although the num- 
ber of fatal injuries at gold-silver mines 
and mills was the same in both 1970 and 
1969, the fatality frequency rate decreased 
slightly in 1970. However, the number of 
nonfatal injuries was higher and the fre- 
quency rate for these injuries worsened in 
1970. The severity rate for all injuries at 
gold-silver operations was improved in 1970. 


3 Committee on Education and Labor, 


All general measures of safety performance 
at iron mines and mills compared unfavor- 
ably with the corresponding data for 1969. 
At lead-zinc mines and mills, the number 
and the frequency rate of fatal injuries were 
unchanged from 1969, but the nonfatal 
injury record worsened slightly in 1970. The 
severity rate for all injuries at these opera- 
tions was virtually unchanged in 1970. The 
general measures of injury experience in the 
uranium industry were sharply better than 
in 1969. Similarly, there was moderate im- 
provement in the safety record in 1970 at 
miscellaneous metal (bauxite, mercury, 
titanium, etc.) operations, The detailed 
injury experience and worktime for the 
metal mining industries are given for mines 
in table 1 and for mills in table 2. 


NONFERROUS SMELTING AND 
REFINING INDUSTRY 


All general measures of injury experience 
were better at nonferrous smelting, reduc- 


House 
of Representatives. Black Lung Benefits Program, 
First Annual Report on Part B of Title IV of the 
Federal Coal Mine Health and Safety Act of 1969. 
June 1971, 34 pp. 

* Department of the Interior. Administration of 
the Federal Metal and Nonmetallic Mine Safety 
Act, 1970 Annual Report of the Secretary of the 
Interior. January 1971, 60 pp. 
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ing, and refining plants in 1970. The eight 
fatal injuries in 1970, seven less than in 
1969, occurred at a frequency rate of 0.06, 
compared with 0.12 in 1969. The total of 
1,530 nonfatal injuries, 36 less than in 1969, 
resulted in a rate of occurrence of 12.28 
in 1970, slightly better than in 1969. Simi- 
larly, the severity rate of 1,036 for all in- 
juries was an improvement compared with 
1,293 in 1969. Injury experience and work- 
time data by industry groups are detailed 
in table 3. 


NONMETAL MINES AND MILLS 


The injury experience in the nonmetallic 
mineral mining industry (all nonmetals 
except stone and sand and gravel) gen- 
erally worsened in 1970. The total of 26 
fatal injuries was one less than that of 1969, 
but, with the reduction in total man-hours 
worked, the frequency rate was slightly 
higher than in 1969. For nonfatal injuries, 
increases were noted for all general meas- 
ures of injury experience. In 1970 the se- 
verity rate of 2,855 for all injuries was mod- 
erately worse than that of 1969. 

All general measures of injury experi- 
ence were better in 1970 in the phosphate 
rock and sulfur industries. There have been 
no work fatalities at sulfur operations since 
1967. On the other hand, these general 
measures worsened markedly in 1970 at 
miscellaneous nonmetal (barite, boron min- 
erals, feldspar, fluorite, magnesite, mica, 
talc, etc.) operations. In clay-shale mines 
and mills, there was general improvement 
except for a slightly higher frequency rate 
for nonfatal injuries. In both the gypsum 
and salt industries, fatality experience 
worsened in 1970, but the nonfatal injury 
record was improved over that of 1969. At 
potash operations, the fatality record was 
better than that of 1969 but the nonfatal 
injury experience worsened in 1970. De- 
tailed injury and worktime statistics by in- 
dustry groups are listed for mines in table 
4 and for mills in table 5. 


STONE QUARRIES AND MILLS 


In 1970 the fatality experience was im- 
proved, but the nonfatal injury record 
worsened at stone operations. Fatalities 
totaled 43 in 1970, 10 less than in 1969, and 
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the resulting frequency rate of 0.23 was an 
18 percent improvement. In 1970 the total 
of nonfatal injuries was 3,575, an increase 
of 186, and the frequency rate for these 
injuries increased to 19.53, compared with 
18.12 in 1969. 

In 1970 each of the general measures of 
safety performance were better only at 
marble operations. Conversely, the safety 
record in the sandstone and traprock in- 
dustries worsened in each of the general 
measures. In the cement, lime, and lime- 
stone industries, fatality experience was 
improved in 1970 but the record for non- 
fatal injuries worsened from the corres- 
ponding data for 1969. In the slate and 
miscellaneous stone (gneiss, quartz, schist, 
etc.) industries, the fatality record was 
worse, but nonfatal injury experience was 
better in 1970. In the granite industry, the 
fatality record in 1970 was unchanged from 
that of 1969 and, for nonfatal injuries, 
both the number and rate of occurrence 
were Slightly higher. Detailed statistics on 
the stone quarrying industry are presented 
in table 6. 


SAND AND GRAVEL OPERATIONS 


The 28 fatal injuries at sand and gravel 
plants, three less than in 1969, resulted in 
an improved fatality frequency rate. For 
nonfatal injuries, the total count of 1,910 
was slightly less than in 1969, but the fre- 
quency rate for these injuries was slightly 
higher at 20.51, primarily due to the re- 
duced worktime. The severity rate of 2,849 
for all injuries in 1970 represented an im- 
provement of 6 percent. Statistical data 
are given in table 7. 


SLAG (IRON-BLAST-FURNACE) OPERATIONS 


In 1970, fatality experience at slag plants 
was one work-death, compared with three 
in 1969 and, as a result, the injury-severity 
rate for all injuries of 2,072 was reduced 
by approximately two-thirds from that of 
1969. However, nonfatal injury experience 
in 1970 worsened to a total of 72, and the 
frequency rate for all injuries (fatal and 
nonfatal) of 20.27 was markedly higher 
than that of 1969. Data for 1966-70 are 
listed in table 8. 


144 


MINERALS YEARBOOK, 1970 


MINERAL FUELS 


COAL MINES 


In 1970, fatality experience worsened 
appreciably in the coal mining industry, 
when 260 work fatalities occurred at a fre- 
quency rate of 1.02 per million man-hours. 
In 1969, when both the total number and 
frequency rate of fatalities were the lowest 
in statistical history, 203 fatal injuries had 
a rate of occurrence of 0.85. The retrogres- 
sion in fatality experience resulted princi- 
pally from a major disaster in a bituminous 
coal mine in Kentucky on December 30, 
1970. A coal dust explosion, initiated by use 
of nonpermissible explosives and blasting 
procedures, in the underground workings of 
the Nos. 15 and 16 mines, Finley Coal Co., 
Hyden, Ky., claimed the lives of 38 men. 
There were no major disasters in coal 
mines during 1969. Owing primarily to the 
worsened fatality record in 1970, the sever- 
ity rate for all injuries increased sharply 
to 7,963 days lost or charged per million 
man-hours. The total of 10,575 nonfatal 
injuries was 658 higher than that of 1969, 
but, owing to the increased worktime, the 
frequency rate was 41.53 for these injuries 
in 1970 compared with 41.76 in the preced- 
ing year. The detailed injury experience 
and worktime for the coal mining indus- 
tries are listed in table 9. 

In bituminous coal and lignite mines, 
255 fatal injuries occurred in 1970 at a 
frequency of 1.04 per million man-hours, 
respectively, 34 and 24 percent worse than 
the record low data of 190 fatalities at a 
rate of 0.84 in 1969. The retrogression in 
fatality experience in 1970 resulted largely 
from the mine explosion disaster in De- 
cember. Owing primarily to the adverse 
record of fatal injuries, the severity rate of 
8,128 for all injuries was 12 percent worse 
than that of 1969. The fatality experience 
in 1970 worsened at both underground and 
surface mines and was better only at me- 
chanical cleaning plants. For nonfatal in- 
juries, the total of 10,090 in 1970 was 665 
higher than that of the preceding year. 
However, because of the increased work- 
time, the frequency rate of 41.33 for non- 
fatal injuries in 1970 was slightly better 
than that of 41.44 in 1969. 

In anthracite mines, all general measures 
of injury experience improved in 1970. The 


fatality record was sharply better and the 
total of five fatal injuries occurred at a 
frequency of 0.47 per million man-hours, 
compared with 13 deaths at a rate of 1.29 
in 1969. The severity rate of 4,123 for all 
injuries in 1970 showed a similar marked 
improvement and was less than one-half 
the 1969 total of 9,090. Nonfatal injuries 
totaled 485 and had a rate of occurrence 
of 46.24 in 1970, slightly better than the 
corresponding data for 1969. 


OIL AND NATURAL GAS OPERATIONS 


The general measures of injury experi- 
ence in the oil and gas industries during 
1970 were appreciably worse than those of 
1969. The frequency rates of 0.14 for fatal 
and 10.27 for nonfatal injuries, compared 
unfavorably with the respective rates of 
0.10 and 9.61 in 1969. Similarly, the severity 
rate of 1,281 for all injuries was 30 percent 
worse than that of 983 in 1969. “There were 
three major disasters (described earlier) 
with a total loss of 17 lives in 1970, whereas 
in 1969, no major disasters were reported. 
Injury and worktime statistics are given in 
table 10. 


COKE OPERATIONS 

Fatality experience in the coal-coking 
industry was sharply better than in 1969, 
but the nonfatal injury record was moder- 
ately worse in 1970. The total of eight 
fatal injuries, seven less than in 1969, re- 
sulted in a fatality frequency rate of 0.20, 
compared with 0.39 for the preceding year. 
The number of nonfatal injuries was higher 
in 1970, and the frequency rate of 6.57 was 
worse than that of 6.00 in 1969. The sever- 
ity rate of 1,562 for all injuries was appreci- 
ably better than that of 2,533 in 1969, 
owing primarly to the improved fatality 
experience. Statistical data are listed in 
table 11. 


PEAT 

The safety record of the peat industry 
in 1970 worsened to a total of 14 nonfatal 
injuries at a frequency rate of 18.36 per 
million man-hours. These injuries were 
more severe than in 1969 and the injury- 
severity rate worsened to 587 in 1970. 
There were no fatalities in 1970 or 1969. 
Data for 1966-70 are given in table 12. 
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NATIVE ASPHALT 


This industry group comprising gilsonite 
and asphaltic-stone operations has been 
combined with other mineral industry 
groups, beginning with the data for 1970. 
Injury experience and worktime statistics 
for 1970 for gilsonite operations have been 
included with the “Miscellaneous non- 
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metal” group of the nonmetal mining and 
milling industry and for asphaltic-stone 
operations have been included in the 
“Limestone” and “Miscellaneous stone” 
groups of the stone quarrying and milling 
industry. The injury experience and work- 
time data on native asphalt operations dur- 
ing 1966-69 are listed in table 13. 


Table 1.—Worktime and injury experience at metal mines in the United States, 
by industry groups 


Average Man- 
Industry men Average days 
and year working days worked 
daily active (thou- 
sands) 
Copper: 
1966........ 16,278 317 5,164 
1967... 17,258 218 8,760 
1968........ 15,492 267 4,168 
1969........ 16,609 312 5,184 
1970 p__ . 17,100 327 5,578 
Gold-silver 
(lode-placer): 
1966........ 3,847 236 907 
19677 3,611 237 855 
1968. ....... 8,681 221 824 
1969 3,617 234 845 
1970 »...... 8,700 242 882 
Iron 
1966.......- 14,056 277 3,898 
196777 12,772 282 3,600 
19688 11, 890 285 3,415 
19699. 11,477 274 3,141 
1970 p_______ ,900 295 3,229 
Lead-zinc 
1966........ 8,692 261 2,278 
1967.......- 7,781 252 1,962 
1968........ 7,518 258 1,973 
1969 7,538 265 1,993 
1970 P........ 7,500 266 1,986 
Uranium: 
1966. ....... 3,604 204 735 
196777 3,745 223 834 
1968........ 4,552 219 1,024 
19699 4,371 219 957 
1970 5 3,900 209 809 
Miscellaneous 
1966.......-. 3,443 281 967 
19677 3,329 283 943 
1968........ 8,047 284 867 
1969 2, 887 292 842 
1970 5 3,200 292 940 
Total: 1 
1966........ 49,920 279 13,944 
1967.......- 48,496 246 11,953 
1968. ....... 46,180 263 12,271 
1969........ 46 , 494 279 12,963 
1970 5 46,200 290 13,423 


p Preliminary 


Man- Number of Injury rates per 
hours injuries million man-hours 
worked 
(thou- Fatal Non- Fre- Severity 
sands) fatal quency 
41,323 23 976 24.18 4,856 
0,064 19 654 22.39 5,520 
33,461 18 601 18.50 4,146 
41,467 15 756 18.59 8,404 
44,697 13 1,015 22.95 2,727 
7,254 10 305 43.42 9,846 
6,844 8 263 39.60 10,022 
6,610 10 320 49.93 12,433 
6,772 7 315 47.55 9,759 
7,074 8 360 51.88 8,978 
31,360 13 553 18.05 3,526 
28,859 11 478 16.94 2,846 
27 ,888 7 463 17.16 2,368 
25,195 6 436 17.54 2,182 
25,888 8 535 21.05 2,799 
18,212 15 1,096 61.00 8,108 
15,727 15 913 59.01 8,563 
15,749 13 897 57.78 7,459 
15,968 15 1,048 66.57 8,458 
15,904 16 1,075 68.73 8,873 
5,945 7 210 36.50 8,845 
6,751 5 312 46.95 7,139 
8,564 6 312 37.13 5,426 
7,804 12 246 33.06 10,805 
6,682 8 175 27.09 8,261 
7,762 7 295 38.91 7,555 
7,549 8 261 35.64 8,455 
6,920 8 243 85.55 5,045 
6,767 7 310 46.84 7,555 
7,536 4 290 39.28 4,988 
111 , 857 75 8,435 81.38 5,786 
95,794 66 2,881 80.76 5,881 
98,693 57 2,836 29.31 4,910 
103,973 62 8,111 30.52 5,124 
107,781 57 3,450 32.55 4,563 


! Data may not add to totals shown because of independent rounding. 
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Table 2.—Worktime and injury experience at metal mills in the United States, 


Average 
Industry men 
and year working 
daily 
Copper 
1966. ......- 5,369 
1967 5,953 
19688 5,612 
19699 6,222 
1970 »....... 6,500 
Gold-silver 
(lode-placer): 
1966. .......- 406 
1967 ........ 847 
1968........ 225 
1969.......- 272 
1970 59 300 
Iron 
1966........ 6,293 
1967.......- 6,137 
19688— 6, 579 
19689 7,169 
1970 5 `` 6,600 
Lead-zine 
1966. ....... 1,449 
1967 .......- 1,410 
1968........ 1,230 
1969........ 1,257 
1970 592 1,300 
Uranium 
1966........ 1,420 
19677 1,518 
19688 1, 626 
196899 1,461 
1970 5 ` 1, 600 
Miscellaneous 
1966 — 5, 238 
1977 —n. 5, 563 
1968 — 5, 026 
19689 5, 890 
1970 »......- 5,300 
Total: 1 
966.......- 20,175 
1967.......- 20,928 
1968........ 20,298 
1969........ 22,271 
1970 5 21,500 


p Preliminary. 


Average 
days 


Man- 
days 
worked 
(thou- 
sands) 


Man- 
hours 
worked 
(thou- 
sands) 


by industry groups 


Number of 
injuries 


Fatal 


1 Data may not add to totals shown because of independent rounding. 


Non- 
fatal 


IP tated per 
million man-hours 
Fre- Severity 
quency 
5.08 394 
10.59 2,106 
10.49 894 
10.58 946 
12.81 1,696 
84.26 8,479 
29.26 4,877 
7.31 , 
21.98 9,021 
16.04 181 
.95 1,615 
9.98 1,049 
7.91 426 
8.72 962 
9.88 1,657 
24.81 2,290 
21.86 3,430 
33.77 2,816 
24.33 8,155 
26.52 959 
20.31 1,291 
16.88 842 
9.81 1,627 
17.80 481 
15.46 618 
15.19 2,192 
12.20 1,176 
10.47 720 
11.21 1,092 
12.33 ,674 
11.40 1,563 
12.65 1,488 
10.78 888 
11.42 1,173 
12.55 1,544 
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Table 3.—Worktime and injury experience at primary nonferrous reduction and 


refinery plants in the United States, by industry groups 


Average 
Industry men 
and year working 
daily 
Copper: 
1966.......- 10,411 
19909 — 10, 750 
1968.......- 10,293 
1969........ 11,708 
1970 »........ 11,700 
Lead 
1966. ....... 2,508 
1961... 2,081 
1968. ......- 2,366 
1969........ 2,610 
1970 59 . 2, 600 
Zinc 
1966 — 7,086 
196777 7,280 
1968 — 6,715 
19689 6,501 
1970 »....... 5,900 
Aluminum 
1966........ 18,372 
19677 20, 508 
19688 20,059 
19689 22,193 
1970 5 22, 300 
Miscellaneous 
1966........ 2,024 
19677 2,477 
1968.......- 2,096 
1969 2,232 
1970 p___ 2,100 
Total: ! 
1966........ 40,401 
1967 .......- 43,046 
1968........ 41,529 
1969.......- 45,244 
1970 p______- 44,700 


Man- 
days 
worked 
(thou- 
sands) 


Man- 
hours 
worked 
(thou- 
sands) 


27,779 
19,471 
23,909 
31,031 
31,979 


6,360 


109,257 
105,511 
109,012 
125,348 
124,692 


Number of 
injuries 


Fatal 


Non- 


fatal 


Injury rates per 


Fre- 
quency 


million man-hours 


Severity 


p Preliminary. 


1 Data may not add to totals shown because of independent rounding. 
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Table 4.—Worktime and injury experience at nonmetal (except stone) mines in the 
United States, by industry groups 


Average 
Industry men 
and year working 
daily 
Clay-shale 
1966........ 5,776 
1967 5,213 
Loes. ...--- 4,785 
19699 4, 462 
1970 59 ` 4,300 
Gypsum: 
1968 —— 935 
19675 — 891 
1968........ 898 
1969 907 
1970 59 900 
Phosphate rock: 
1966........ 8,183 
1967.......- 3,181 
1968_.....-..- 2,822 
1969.......- 2,761 
1970 5. 2,100 
Potash: 
1966........ 1,934 
1967505 —1 1,913 
1968........ 1,630 
1969........ 1,429 
1970 59 1,300 
Salt: 
1966........ 1,809 
1967........ 1,768 
1968........ 1,762 
1969.......- 1,691 
1970 »......- 1,800 
Sulfur: 
1966........ 1,491 
19677 1, 640 
1968.......- 1,672 
969........ 1,979 
1970 P1__...- 1,700 
Miscellaneous 
1966........ 3,599 
19677 3,414 
1968. ....... 3,061 
1969........ 8,178 
1970 5 8,200 
Total: ? 
1966........ 18,727 
KI ARA 18,020 
1968........ 16,630 
1969 16,587 
1970 14. 15, 400 
p Preliminary. 


Average 
days 
active 


Man- 
days 
worked 


Man- 
hours 
worked 


Number of 


injuries 


Fatal 


Non- 


fatal 


Ni» = DOD 


bo e do Co Ct 


Ni t con, 


Injury rates per 
million man-hours 


Fre- 
quency 


Severity 


1 Includes data on gilsonite operations for the first time; in prior years, these data were included in the native 


asphalt industry. 


2 Data may not add to totals shown because of independent rounding. 
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Table 5.—Worktime and injury experience at nonmetal (except stone) mills in the 
United States, by industry groups 


Average Man- Man- Number of Injury rates per 


Industry men Average days hours injuries million man-hours 
and year working days worked worked ` [- v -. JD, F qh 
daily active (thou- (thou- Fatal Non- Fre- Severity 
sands) sands) fatal quency 
Clay-shale 
1966.......- 15,603 270 4,214 34,028 3 1,020 30.06 2,101 
1967.......- 15,874 256 4,068 82,742 6 1,007 30.94 2,172 
1968.......- 14,764 265 3,929 31,576 2 954 30.28 1,506 
1969........ 13,164 272 8,578 28,730 6 868 90.42 2,418 
1970 59 : 275 3,376 27,058 4 895 33.26 2,0 
Gypsum: 
1966........ 2,589 269 696 5,557 1 21 3.96 1,721 
19677 2,094 265 555 4,471 15 3.35 1 
1968 ........ 1,638 269 441 9,618 ........ 21 5.81 275 
19689 1,734 268 465 3,829 1 29 7.84 2,020 
1970 P_______ 1,500 270 405 3,292 __ . 10 3 80 
Phosphate rock: 
1966........ 1,948 335 653 5,237 3 60 12.03 3,821 
1967 .......- 2,042 297 607 4,854 1 55 11.54 3,420 
1968 ........ 1,632 303 495 8,964 ........ 51 12.87 
1969. 1,796 333 598 4, 799 1 29 6.25 1,461 
1970 9 1, 900 333 634 5,074 1 15 3.35 1,507 
Potash: 
1966........ 1,030 860 371 2,967 _....... 47 15.84 2,028 
19677 992 347 344 2,751 2 49 18.54 4,921 
1968.......- 647 309 203 17620. 22. 42 25.85 
19699 637 351 224 1,788 .......- 25 13.98 322 
1970 5 700 813 228 1282 —k 30 15.32 571 
Salt: 
1966 — 3,814 292 1,112 8,898 2 162 18.43 1,787 
1967.......- 8,704 283 1,047 8,393 ........ 156 18.59 448 
1968.......- 3,396 279 947 74619 170 22.31 535 
1969. 3,507 277 970 7,7989 216 27.71 466 
1970 5 3,400 285 977 7,865 1 230 29. 62 1,258 
Sulfur 
1966........ 2 300 1 )))) IE 
1967 1 250 (1) 98 1 500. 00 12, 500 
/////!C ͥ ²:.. hvyß ³ d ]ĩͤ wd ` ̃ꝗ G as . y ea 
/// O A ͤ õſy ͤ dd ³ ˙ ¹ůdüJ.. A A EI 
IJ ³⁰•wmm ] uude ñ⁊ðᷣ ] ef ed ⅛ h ⁊ð K ðĩᷣd 8 
Miscellaneous 
19666 7,015 286 2,006 16,118 2 254 15.88 1,541 
1967 6,720 289 1,944 15,635 4 242 15.73 2,282 
1968. ....... 6,869 279 1,915 15,385 1 281 18.33 1,259 
69 7,177 290 2,079 16,708 2 314 18.91 1,593 
1970 22222 6,700 298 2,006 16,121 4 460 28.66 3,854 
Total: * 
1966........ 32,001 283 9,052 72,810 11 1,564 21.63 2,030 
196777 31,427 273 8,565 68,850 13 1,525 22.34 2,043 
1968........ 28,946 273 7,930 63,781 1,519 23.86 1,184 
1969 28,015 282 7,914 63, 651 10 1,481 23.42 1,805 
1970 p 2___.. 6,600 287 7,625 61,237 10 1,640 26.94 2,229 
p Preliminary. 
1 Less than 500 


2 Includes data on gilsonite operations for the first time; in prior years, these data were included in the native 
asphalt industry. 


3 Data may not add to totals shown because of independent rounding. 
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Table 6.—Worktime and injury experience at stone quarries and mills in the 
United States, by industry groups 


Industry 
and year 


1970 »....... 


Traprock: 
19 


p Preliminary. 


Average 


men 


MINERALS YEARBOOK, 1970 


Man- 


da 


Man- 
hours 


worked 


(thou- 
ds) 


67,451 
65,883 


190,787 
186 , 227 
186,620 
187,003 
183,026 


1 Includes burning or calcining and other mill operations. 
2 Includes data on asphaltic stone operations for the first time; in prior years, these data were included in 
the native asphalt industry. 
s Data may not add to totals shown because of independent rounding. 


Number of 
injuries 
Fatal Non- 
fatal 
6 359 
4 847 
10 880 
8 852 
4 890 
2 412 
8 401 
4 884 
5 897 
5 405 
6 845 
5 285 
5 258 
8 854 
1 865 
80 1,542 
26 1,429 
29 1,442 
31 1,492 
24 1,635 
1 213 
e 189 
3 174 
2 159 
S 130 
3 314 
e 242 
6 237 
2 245 
4 285 
1 79 
3 100 
T REN 91 
ud AE 74 
1 45 
1 241 
4 210- 
2 218 
2 230 
3 240 
1 78 
1 64 
2 76 
5 86 
1 80 
51 3,583 
46 3,267 
58 3,260 
53 3,389 
43 3, 575 


M rac pet 
million man-hours 
Fre- Severity 
quency 
6.18 1,245 
6.25 1,140 
6.94 1,568 
6.45 1,429 
7.13 911 
24.71 3,069 
24.71 2,296 
23.50 3,155 
25.78 8,287 
25.95 8,077 
19.46 3,269 
16.49 2,417 
15.28 2,108 
19.60 1,962 
20.27 929 
24.79 4,385 
22.42 3,327 
22.59 3,533 
22.58 3,800 
25.20 3,360 
34.64 2,523 
31.09 1,115 
30.09 2,134 
31.42 4,418 
28.38 1,438 
29.10 2,739 
24.09 622 
24.65 4,408 
25.27 , 24 
32.56 3,761 
26.89 2,762 
84.06 6,611 
31.30 573 
30.83 480 
20.28 5,251 
23.58 1,975 
23.94 3,281 
24.22 2,735 
25.06 2,119 
27.93 2,758 
24.56 2,528 
20.47 2,333 
19.91 3,794 
25.69 1,224 
22.56 2,285 
19.05 2,852 
17.79 2,308 
17.78 2,700 
18.41 2,634 
19.77 2,300 
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Table 7.—Worktime and injury experience at sand and gravel plants in the 
United States 


Average Man- Man- Number of Injury rates per 
men Average days hours injuries million man-hours 
Year working days worked worked 
daily active (thou- (thou- Fatal Non- Fre- Severity 
sands) sands) fatal quency 

198898 88 55,344 225 12,459 104,971 35 2,098 20.82 2,901 
1967... 52, 363 216 11,296 96,645 32 1,919 20.19 2,933 
ETS AAA 49 ,901 219 10,930 93,156 26 1,992 21.66 2,688 
1986888 ĩðͤ 8 50,161 219 10,964 94,223 31 1,929 20.80 3,024 
1970 AA 49 , 400 218 10,787 93,117 28 1,910 20.81 2,849 


P Preliminary. 


Table 8.—Worktime and injury experience at slag (iron-blast-furnace) 
plants in the United States 


Average Man- Man- Number of Injury rates per 
men Average days hours injuries million man-hours 
Year working days worked worked 
daily active (thou- (thou- Fatal Non- Fre- Severity 
sands) sands) fatal quency 
1966............ 1,472 277 407 3:992. uu S 44 13.20 709 
1961... 8 1,721 255 439 3,539 3 53 15.82 5,762 
1968...........- 1,724 263 454 3,697 1 57 15.69 2,454 
1969............ 1,610 271 442 3,573 8 49 14.55 6,061 
Lut 2s 1,647 268 441 8,602 1 72 20.27 2,072 
Table 9.—Worktime and injury experience at coal mines in the United States, 
by industry groups 
Average Man- Man- Number of Injury rates per 
Industry men Average days hours injuries million man-hours 
and year working days worked worked 
daily active (thou- (thou- Fatal Non- Fre- Severity 
sands) sands) fatal quency 
Bituminous coal 
and lignite 
mines: 
1966........ 185,952 213 28,928 230,087 227 9,617 42.78 7,900 
19677 131, 562 220 28,910 229, 415 213 9,506 42.36 7,817 
1968........ 127,535 221 28,144 223, 406 307 9,135 42. 26 10, 825 
19699 127, 875 225 28,677 227,411 190 9,425 42.2 , 282 
1970 52 134,100 229 30,760 244,146 255 10,090 42.37 8,128 
Anthracite mines: 

966________ 9,292 203 1,883 13,672 6 829 61.07 4,477 
19677 7,750 219 1,701 12,359 9 609 50.00 5,511 
1968________ 6,932 217 1,508 11,011 4 504 46.18 4,182 
1969........ 5,927 232 1,377 10,073 13 492 50.14 9,090 

e Bei „ 6, 000 240 1,447 10,583 5 485 46.71 4,123 
otal: ! 
1966........ 145,244 212 30,811 243,759 233 10,446 43.81 7,708 
1967........ 139,312 220 80,611 241,774 222 10,115 42.7 7,699 
1968........ 184,467 221 29,651 234,417 311 9,639 42.45 10,513 
1969........ 183,302 225 30,053 237,484 203 9,917 42.61 7,859 
1970 p______- 140,100 230 32,207 254,678 260 10,575 42.55 7,963 


p Preliminary. 
1 Data may not add to totals shown because of independent rounding. 


Table 10.—Worktime and injury experience of the oil industry (all activities) 
and the natural gas industry (excluding distribution activities) in the United States 


Average Man- Number of Injury rates per 
men hours injuries million man-hours 
Year working worked 
daily (thou- Fatal Non- Fre- Severity 
sands fatal quency 

193... 451,747 954, 527 103 8,724 9.25 1,050 
OG Cosette ⁵( 8 445 , 562 938 ,946 88 8,776 9.44 981 
A A s etit 466,652 986,952 102 9,069 9.29 985 
KL deco Enn Z. uu 449,606 939,385 95 9,023 9.71 983 
ö AEA 8 462, 468 972, 278 134 9,989 10.41 1,281 


152 


MINERALS YEARBOOK, 1970 


Table 11.—Worktime and injury experience at coke ovens in the United States, 


Average 
Industry men 
and year working 
daily 
Slot ovens: 
1966........- 13,745 
1967.2. 2. 13,409 
19688 12, 877 
19699 13,418 
1 PA 13, 795 
Beehive ovens: 
1966 471 
19677 292 
19688 216 
19689 199 
19700 202 
Total: ! 
1966........ 14,216 
1995 88 13,701 
1968........ 13,093 
1969........ 13,617 
1970 13,997 


by industry groups 


Man- Man- Number of med rates per 
da hours injuries million man-hours 
worked worked 
(thou- (thou- Fatal Non- Fre- Severity 
sands) sands) fatal quency 
4,983 89 ,909 3 155 8.96 658 
4,821 88,588 5 201 5.34 963 
4,645 37,167 7 184 5.14 1,876 
4,779 38,169 15 216 6.05 2, 
4,891 39,194 8 256 6.74 1,575 
111 8211 36 43.82 1,048 
52 374 4 25 77.61 67,561 
50 918 2.22452 20 52.85 , 855 
45 851 ........ 15 42.74 1,598 
47 860 ........ 4 11.11 156 
5,094 40,730 3 191 4.76 666 
4,873 38,956 9 226 6.08 1,602 
4,696 37, 546 7 204 5. 62 1,875 
4,824 38,520 15 231 6.39 2,533 
4,987 89,554 8 260 6.78 1,562 


1 Data may not add to totals shown because of independent rounding. 


Table 12.—Worktime and injury experience in the peat industry in the United States 


Average Man- Man- Number of Injury rates per 
men Average days hours injuries million man-hours 
Year working days worked worked 
daily active (thou- (thou- Fatal Non- Fre- Severity 
sands) sands) fatal quency 
1966...........- 523 184 96 804 ........ 10 12.44 373 
I 506 187 95 788 15 19.11 733 
198898ũ 8u9g:ꝗ 538 186 99 1798- 222: 8 10.02 244 
196899. 567 172 98 8814 8 9.62 184 
19700ĩ— 542 172 93 768  .......- 14 18.86 587 
Table 13.—Worktime and injury experience in the native-asphalt industry 
(bituminous limestone, bituminous sandstone, and gilsonite mines and mills) 
in the United States 1 
Average Man- Man- Number of Injury rates per 
men Average days hours injuries million man-hours 
Year working ays worked worked 
daily active (thou- (thou- Fatal Non- Fre- Severity 
sands) sands) fatal quency 

1966 368 270 99 806 1 28 85.98 7,872 
1967...........- 893 255 100 824 8 88 40.21 2,985 
1968...........- 899 259 108 887 ......-- 28 27.49 672 
1969...........- 445 262 117 949 .......- 96 37.98 783 


1 Beginning in 1970, data on asphaltic stone and gilsonite operations, which comprised the native asphalt 
industry, have been separated and included, respectively, in the limestone and miscellaneous stone subdivisions 
of the stone industry and the miscellaneous nonmetal subdivision of the nonmetal industry. 


Abrasive Materials 


By Robert G. Clarke * 


Industries that consume large volumes of 
abrasive materials, and in particular the au- 
tomotive industry, experienced a general 
reduction of activity in 1970. Consequently, 
the quantity and value of output of most 
abrasive materials, both natural and artifi- 
cial, declined. 

Domestic production of natural abrasive 
materials in 1970 was less by about 17 per- 
cent in tonnage and 3 percent in total 
value when compared with 1969. However, 
the trends in individual instances were not 
consistent. For example, special silica stone 
products and garnet decreased in quantity 
but increased in value, whereas, emery and 
tripoli decreased more in value than in 
quantity. 

Artificial abrasives manufactured in 1970 
include fused aluminum oxide, silicon car- 
bide, and metallic abrasives. Production of 
aluminum oxide decreased 10 percent in 
quantity and 12 percent in value from 
1969. Silicon carbide production increased 
4 percent in quantity and less that 14 per- 


cent in value, but the yearend stocks of 
silicon carbide increased considerably. The 
tonnage and value of metallic abrasives de- 
creased by 10 percent and 2 percent, re- 
spectively. Shipments of manufactured ab- 
rasive products—grinding wheels, coated 
abrasives, and abrasive grain—each de- 
clined about 10 percent. Diamond products 
as a whole followed the general decline, 
but the product mix of synthetic and nat- 
ural diamonds was not segregated. 

Foreign Trade.—Imports of abrasive ma- 
terials were the lowest in value since 1965, 
but exports and reexports attained a rec- 
ord high in 1970. Net imports, the excess 
of imports over exports and reexports, was 
only $4 million, the lowest dollar value 
since World War II. The chief factor in 
the decline of imports and the increase of 
exports has been the rapid growth in dia- 
mond manufacture in the United States. 


1 Physical Division of Nonmetallic 


Minerals. 


scientist, 


Table 1.—Salient abrasive statistics in the United States 


Kind 1966 1967 1968 1969 1970 
ii ae abrasives (domestic) sold or used 
roducers: 
Y ripoli A E short tons. . 66,163 70,984 85,534 84,673 68,105 
Value thousands $328 $377 $796 $734 $520 
Special silica-stone products 1 | 
short tons 3,806 2,701 3,141 3,311 3,134 
Value thousands 3515 3574 3629 $600 $666 
Garnet short tons 21,952 20,494 22,136 20,458 18,887 
Value thousands $2 , 092 $1,849 $1,922 $1,874 $1,936 
Emery............... short tons... 11,102 W w 
alue thousands 3210 W W W W 
Artificial abrasives 2 short tons.. 607,508 552,812 567,814 608,622 561,107 
value thousands $82,794 $80,405 $86,316 $92 , 589 $85,772 
e trade (natural and artificial abra- 
sives): 
Exports (value)) thousands.. $51,753 $50,896 $60,266 $70,654 $64,338 
Reexports (value) do.... $13,143 $17,239 $19,807 $20,373 $28,085 
Imports for consumption (value) 
o.... $110,650 $100 , 427 $103 , 150 $100,371 $96,467 


W Withheld to avoid disclosing individual company confidential data. 
1 Includes grinding pebbles, grindstones, oilstones, tube-mill liners, and whetstones. 
2 Production of silicon carbide and aluminum oxide (United States and Canada); shipments of metallic 


abrasives (United States). 
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Table 2.—U.S. exports of abrasive materials, by kinds 
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(Thousands) 
1969 1970 
Kind 
Quantity Value Quantity Value 
NATURAL ABRASIVES 
Dust and powder of natural and synthetic precious or semi- 
precious stones, including diamond dust and powder.carats.. 8,122 $21,599 7,258 $18,711 
Crushing: Dort... · à beis Ost 45 265 33 154 
Industrial diamond „ do- 345 1,634 339 1,838 
Emery, natural corundum, and other natural abrasives, n.e.c. 
pounds.. * 31,772 2,832 33,375 3,403 
MANUFACTURED ABRASIVES 
Artificial corundum (fused aluminum oxide) do.... 34,004 6,775 35,949 6,869 
Silicon carbide, crude or in grains ____ do.... 12,556 2,487 12,883 2,319 
Carbide, abrasives, n. e. do.... 38,026 5,434 4,730 7,832 
Grinding and polishing wheels and stones: 
Diamond- EE carats.. 699 r 3,560 614 3,117 
See EE pounds.. 2,460 692 2,315 690 
Hand polishing stones, whetstones, oilstones, hones, and 
similar atonen O2cza 915 1,22" 905 1,229 
Wheels and stones, n. e..( e do. 4,774 7,633 4,247 7,549 
Abrasive paper and cloth, coated with natural or artificial abra- ; 
sive materials... reams 300 r 8,489 334 8,240 
Coated abrasives, nef. NA 2,307 NA 2,887 
Metallic abrasiveee s pounds.. 62,146 5,720 (1) (1) 
k XX r 70, 654 XX 64,338 
r Revised. NA Not available. XX Not applicable. 
1 No longer separately classified. 
Table 3.—U.S. reexports of abrasive materials, by kinds 
(Thousands) 
1969 1970 
Kind 
Quantity Value Quantity Value 
NATURAL ABRASIVES 
Dust and powder of natural and synthetic precious or semi- 
precious stones, including diamond dust and powder.carats. . 148 $391 378 $920 
r y è y E do 350 2, 238 364 2,326 
Industrial diamond. ................................ do. 2,704 17,503 3,837 24,604 
Emery, natural corundum, and other natural abrasives, n.e.c. 
pounds 200 42 751 112 
MANUFACTURED ABRASIVES 
Carbide abrasives, pe 2.2.2 LLL LLL. c Lll pounds 20 79 24 37 
Grinding and polishing wheels and stones: 
Dill li ohn carats.. 1 8 8 50 
Pulpstones.. clan a ð KV pound... 22 3 
Wheels and stones, n.e. __---------------------- do 6 11 11 12 
Hand polishing stones, whetstones, oilstones, hones, and 
similar stones 6 “dudas: sss (1) 3 
Abrasive paper and cloth, coated with natural or artificial abra- 
sive materials „„. reams.. (1) 2 (1) (1) 
Coated abrasives, nët... NA 72 NA 18 
Metallic abrasives___ 2222.2 2 2c c22 c2 lll eee pounds 91 32 (2) (2) 
Tok A ß XX 20,873 XX 28,085 


NA Not available. 
1 Less than N unit. 
* No longer separately classified. 


XX Not applicable. 


ABRASIVE MATERIALS 


Table 4.—U.S. imports for consumption of abrasive materials (natural and 


artificial), by kinds 
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(Thousands) 
1969 1970 
Kind 
Quantity Value Quantity Value 
Burrstones in blocks, rough- -.--.---------------- short tons... (1) (1) (1) (1) 
Emery, flint, rottenstone, and tripoli, crude or crushed__do.... 21 r $767 14 $437 
Silicon carbide, crude. .............................- do.... 109 14,648 107 15,356 
Aluminum oxide, crude artificial. do.... 169 21,086 161 20,412 
Other crude artificial abrasives. ............ ooo... do.... (1) 7 1 123 
Abrasives, ground, grains, pulverized or refined: 
Silicon carbide. ............. 2... 2... L..- short tons.. 2 711 2 684 
Aluminum ode. do 5 r 1,418 7 2,007 
Emery, corundum, flint, garnet, and other, including artifi- 
cial abrasive s short tons 2 r 467 1 288 
Papers, cloths, and other materials wholly or partly coated with 
natural or artificial abrasive... eee (2) 6,255 (2) 5,682 
Hones, whetstones, oilstones, and polishing stones number 285 67 296 77 
Abrasive wheels and millstones: 
Burrstones, manufactured or bound up into millstones 
short tons (1) 6- IL eee 
Solid natural stone wheels....................- number.. 4 16 12 11 
Diamond... 222. lts do.... 72 488 65 616 
Othoi- A AA (2) 1,105 (2) 1,181 
Articles not especially provided for: 
Emery or garnet „ (2) 13 (2) 19 
Natural corundum or artificial abrasive materials (2) 206 (2) 241 
Other MERE (2) 88 (2) 66 
Diamonds: 
Diamond dies number 10 200 11 230 
Crushing bort . J... ...-.-.-.-.-- carats.. 357 918 363 994 
Other industrial diamond 0 0 do. 4,731 729,799 4,752 27,374 
Miners’ diamond do- 783 4,363 1,131 5,669 
Dust and powder. eee do.... r8,206 117,743 7,119 15,000 
Jö ͥ ¹ð⁰iͤüdſdſdf0Tſ0T0ä0—0— ⁰⁰w 8 XX 100, 371 XX 96,467 
r Revised. 
1 Less than 1⁄ unit. 
2 Quantity not reported. 
TRIPOLI 


Tripoli from Arkansas and Oklahoma, 
amorphous or soft silica from Illinois, and 
rottenstone from Pennsylvania are all 
fine-grained, porous silica materials of es- 
sentially similar composition and uses such 
that they are discussed without distinction 
as a group. The output declined 13 per- 
cent in quantity and 17 percent in value 
in 1970. Abrasive use in 1970 declined to 
68 percent of the total, and filler use in- 
creased to 30 percent, compared with 70 
percent and 20 percent, respectively, in 
1969. 

Tripoli producers in 1970 were Malvern 
Minerals Co., Garland County, Ark., Her- 
cules Minerals Co., Polk County, Ark., and 
Industrial Minerals, Inc., Polk County, Ark.; 
Illinois Minerals Co., and Tammsco, Inc., 


both in Alexander County, Ill; The Car- 
borundum Co., Newton County, Mo., and 
Ottawa County, Okla.; and Keystone Filler 
& Manufacturing Co. and Penn Paint & 
Filler Co., both in Lycoming County, Pa. 
Prices quoted in Engineering and Min- 
ing Journal, December 1970, for tripoli 
and amorphous silica were as follows: 


Tripol, paper bags, 40-ton carloads, f.o.b. Elco, 
III., air-floated, through 200 mesh, cents per 


n ⁰ 8 1 
Silica, amorphous, 50-lb paper bags, carloads, 

dollars per short ton: 
90-95 percent through 200 mesh. ......... 25 
96-99 percent through 200 mesh. ......... 27 
90-95 percent through 325 mesh. ......... 29 
96-98 percent through 325 mesh. ......... 29 
98-99.4 percent through 325 mes g 80 
99.5 percent through 325 mesh. .......... 42 
99.9 percent through 400 mesh. ..........- 63 
99 percent below 15 microns.............- 69 


99 percent below 10 mierong s 89 
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Table 5.—Processed tripoli 1 sold or used by producers in the United States, by uses 2 


Kind 
Abrasives short tons 
Valé o sos s sya S thousands.. 
FI.... short tons 
/ A E thousands 
Othér z eee ae yyy ds short tons 
Illi. iaa thousands 
P coin A short tons. . 
Value thousands 


1966 


45, 785 


60, 857 
$2,298 


1967 


60,998 
$2,418 


1968 


11,458 
$2,787 


1969 


1970 


41,708 
$1,583 
18,093 
545 
1,134 
$28 


60,930 
$2,156 


1 Includes amorphous silica and Pennsylvania rottenstone. 


2 Partly estimated. 


3 Data may not add to totals shown because of independent rounding. 


SPECIAL SILICA STONE PRODUCTS 


Special silica stone products that were 
produced in 1970 included oilstones from 
Arkansas, whetstone from Indiana, grinding 
pebbles from Minnesota and Wisconsin, 
grindstones from Ohio, and tube mill lin- 
ers from Minnesota. Although the total 
tonnage of silica stone products declined 
by 5 percent, the value increased by 11 
percent in 1970, chiefly due to an increase 
in the value of oilstones, which have sig- 
nificantly higher unit value. 

In 1970, novaculite for oilstones was pro- 
duced by Arkansas Abrasive Inc., Arkansas 
Oilstones Co., Inc., John O. Glassford, 
Cleve Milroy, M. V. Smith, Norton Pike 
Division of Norton Co., and Hiram A. 
Smith Whetstone Co., all from operations 
in Garland County, Ark. 

In June 1970 Lowe's, Inc., Cassopolis, 
Mich., acquired Tamms Industries Co., 
Tamms, Illinois, Amorphous Silica Div. 


The mining and processing operation will 
continue to be located at Tamms, which is 
one of the few locations in the world 
where this type of silica is found. Lowe's, 
Inc., mines and processes clay and silica 
for use in agricultural, consumer, in- 
dustrial, and pet products. 


Table 6.—Special silica-stone products 
sold or used by producers in the 
United States 1 


Value 
Short tons (thousands) 


Year 
19668... 8 8,806 $515 
AA A 2,701 574 
19608 AA 8 8,141 629 
¡E AAA A 8,811 600 
VOTO A 3,134 666 


1 Includes grinding pebbles, grindstones, oilstones, 
tube-mill liners, and whetstones. 


NATURAL SILICATE ABRASIVES 


Garnet.—Domestic production of natural 
garnet declined by 8 percent in quantity 
but increased 3 percent in value in 1970. 
There were four producers, two in New 
York State and two in Idaho. Barton 
Mines Corp., the largest producer, mined 
from a large deposit of garnetiferous, met- 
amorphosed, igneous rock in Warren 
County, N.Y., and processed the garnet for 
use in coated abrasives, for metal lapping, 
and for grinding and polishing optical len- 
ses and plate glass. Interpace Corp., the 
principal wollastonite producer in the 
United States, recovered garnet as a by- 
product in the processing of wollastonite 
ore in Essex County, N.Y. The two Idaho 
producers, Idaho Garnet Abrasive Co. and 


Emerald Creek Garnet Milling Co., produce 
garnet from placer deposits in Benewah 
County, Idaho. Both the Idaho and the 
Essex County, N.Y., materials were mostly 
used as sand-blast abrasive, but a portion 
was also used for miscellaneous abrasives, 
nonskid paints, and water filtration. 


Table 7.—Abrasive garnet sold or used 
by producers in the United States 


j Value 

Year Short tons (thousands) 
1966... 8 21,952 $2,092 
9 la a 20,494 1,849 
1988 22,136 1,922 
1969. ANA 20,458 1,874 
1970222 as ls aná 18,837 1,936 
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NATURAL ALUMINA ABRASIVES 


Corundum.—Abrasive-grade natural co- 
rundum has not been mined in the United 
States for more than half a century, and 
for many years the entire quantity used by 
domestic industry was imported from 
Southern Rhodesia. In 1968 economic sanc- 
tions by the United Nations halted im- 
ports from that country. In 1969 the 
office of Emergency Preparedness (OEP) 
dropped corundum from the list of stra- 
tegic and critical materials for stockpiling. 
Congressional approval was obtained early 
in 1970 for the sale of 1,964 short tons re- 
maining in Government inventory by the 
Stockpile Disposal Division of the General 
Services Administration (GSA). 


Emery.—Domestic production of emery 
in 1970 was by one producer in the 
United States, De Luca Emery Mine, Inc., 
near Peekskill in Westchester County, N.Y. 
Production data of quantity and value 
were withheld to avoid disclosing individ- 


INDUSTRIAL 


In 1970 imports of industrial diamond 
declined 5 percent in number of carats 
and almost 7 percent in value from the fig- 
ures of 1969, Although shipments of in- 
dustrial diamond from Ireland were less by 
almost 8 percent in quantity and 4 percent 
in value, Ireland increased its share 
slightly to about one-third of the total 
value. Domestic production of synthetic 
diamond in 1970 was estimated at 13 mil- 
lion carats, unchanged from 1969. Second- 
ary production (salvage from used dia- 
mond tools and diamond-containing wastes) 
was estimated to be unchanged at 3 million 
carats. 

A conference was held in New York 
City, on June 16, 1970, of a Government- 
Industry Working Group on Industrial 
Diamond, to solicit industry views and rec- 
ommendations for disposal of 17.9 million 
carats of crushing bort and stones that 
were in excess of stockpile objectives. ‘The 
quantity had been determined by OEP 
and a disposal plan was proposed by the 
Property Management and Disposal Service 
of GSA. Owing to differing views among the 
participants, additional time was required 
and no action had been taken by yearend. 
The stockpile objectives on December 3, 


ual company confidential data. Di Rubbo 
American Emery Ore Co. ceased its opera- 
tions in Westchester County mainly be- 
cause of water problems. Emery was used 
for miscellaneous abrasive purposes such as 
antiskid aggregate in floors, stair treads, 
and pavements. 


Table 8.—Natural corundum: World 
production, by countries 
(Short tons) 

Country! 1968 1969 1970 p 
India 359 592 e 610 
South Africa, Repub- 

lee. 8 282 252 272 
U.S. S. Re... 6,600 6, 600 7,200 
Total........- 7,241 7,444 8,082 

e Estimate. p Preliminary. 


1 In addition to the countries listed, Malawi re- 
ported an insignificant production (25 pounds in 
1970), and Southern Rhodesia may have continued 
production at a significant level (several thousand 
tons) but available information is insufficient to make 
reliable estimates of output. 


DIAMOND 


1970, were at 20.0 million carats for in- 
dustrial diamond stones and 23.7 million 
carats for crushing bort. 


Table 9.—U.S. imports for consumption 
of industrial diamond (excluding 
diamond dies) 


(Thousand carats and thousand dollars) 


Y ear Quantity Value 
h/ 13,686 360, 302 
// A 14,076 52,821 
TOTO il A EN 13,365 49,037 


WORLD REVIEW 


Angola.—The production of diamond by 
Companhia de Diamantes de Angola 
(DIAMANG) during 1970 exceeded that 
of 1969. DIAMANG's concession covers 
over 80 percent of the total area of An- 
gola; but, according to the terms of its 
contract, it must release all but 50,000 
square kilometers of its concession in 1971. 
DIAMANG has 14 geologists from Anglo- 
American Exploration exploring to find and 
retain the best areas in its present conces- 
sion. Three of the four new firms granted 
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concessions in Western Angola in 1969 
began éxploratory work in 1970. 

Australia.—Stellar Mining Co. found a 
large kimberlite intrusion in the Kimber- 
ley district of Western Australia. Gems 
have been recovered here in the past.2 

Botswana.—Work continued on schedule 
at the De Beers Orapa diamond mine. The 
Orapa pipe, covering 276 acres, is claimed 
to be the world’s second largest. Daily out- 
put will be 7,250 metric tons of kimberlite 
to produce 2 million carats per year of 
which 90 percent will be of industrial 
quality.3 

Brazil.—Mineracío Tejucana S.A. in- 
creased its dredging capabilities in the 
Tocos section of the valley of the Jequitin- 
honha River, Minas Gerais, and will also 
install a dredge in the Capao Comprido 
section. 

Central African Republic.— Total dia- 
mond production for 1969 was 535,317 car- 
ats, down 12 percent from that of 1968, 
and was estimated at 50 percent industrial 
diamonds. Production in 1970 fell 10 per- 
cent in volume to 482,446 carats, from the 
1969 level. The Government passed a law 
in 1970 forbidding anyone but native-born 
citizens from prospecting for diamonds or 
other precious stones. 

Congo  (Kinshasa).—Congolese officials 
expressed concern during the year regard- 
ing the GSA recommendation to Congress 
to dispose of 22.8 million carats of U.S. 
surplus industrial diamond holdings. Ac- 
tion by the U.S. Congress was postponed to 
1971. 

India.—The National Mineral Develop- 
ment Corporation of India continued de- 
velopment of the Vajrakarur mine in the 
Anantapur district in South India. The 
kimberlite deposit is expected to yield 
57,000 carats per year in 4 years, compared 
with the present 24,000 carats per year.5 

Ireland.—The world's newest and largest 
factory for the manufacture of industrial 
diamond was opened on the Shannon In- 
dustrial Estate on May 4, 1970, by Ultra 
High Pressure Units (Ireland) Limited. 

Ivory Coast.—The output of all dia- 
monds in 1970, both gem and industrial, 
was reported at 212,808 carats, compared 
with 202,413 carats in 1969. Normally 60 
percent of the diamond yield is considered 
to be industrial diamond grade. One com- 
pany, Société Anonyme de Recherches et 
d'Exploitations Miniéres en Cóte d'Ivoire 
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(SAREMCI) accounted for more than 80 
percent of the total output of three active 
producers. 

Lesotho.—Production for 1970 of gem 
diamonds was 3,502 carats and of in- 
dustrial diamonds, 13,038 carats. The Le- 
sotho National Development Corp. negoti- 
ated with Newmont Mining Corp. and 
Lonhro Ltd. for prospecting and develop- 
ment at the Kao kimberlite pipe. Alto- 
gether, six new ventures for all of Lesotho 
were under consideration. The Lesotho De- 
partment of Mines is hopeful that 
diamond output will expand manyfold. 

Liberia.—For the fiscal year, 1969-70, 
the Bureau of Natural Rescurces and Sur- 
veys of Liberia reported diamond produc- 
tion of 825,959 carats, of which more than 
25 percent were estimated to be industrial 
diamonds. 

Sierra Leone.—Total diamond exports 
for 1970 were 1,955,011 carats, which were 
estimated to be 85 percent gem stones and 
15 percent industrial material. A new com- 
pany was formed to mine diamonds, called 
The National Diamond Mining Company 
(Sierra Leone) Limited, of which capital 
ownership was 51 percent by the Govern- 
ment and 49 percent by Sierra Leone 
Selection Trust Limited. Diamond is Sierra 
Leone’s most important resource and ac- 
counts for about two-thirds of its exports, 
about 20 percent of its revenue, and the 
employment of more than 50,000 people. 

South Africa, Republic of.—An explora- 
tory shaft is being sunk at the Finsch Dia- 
mond Mine at Lime Acres, 100 miles west 
of Kimberley, to explore the rich diamond 
pipe at depth. The shaft, 16 feet in diame- 
ter, will reach a depth of 1,250 feet and is 
being sunk by the Gold Fields Cementa- 
tion Mining Co. The Finsch pipe is 1,500 
feet in diameter, is the second richest in 
South Africa, and the first Diamond pipe 
to be opened since the Premier Mine in 
1903.5 The biggest source of diamonds re- 
mains the Kimberley area where mining 
started over 100 years ago. New finds and 


improved recovery techniques have extend- 


2 Mining and Minerals Engineering (London). 
V. 6, No. 12, December 1970, p. 53. 

3 South African Mining and Engineering Jour- 
nal. V. 81, No. 4044, pt. 2, Aug. 7, 1970, pp. 
510-515. 

4 Skillings Mining Review. V. 59, No. 33, Aug. 
15, 1970, p. 131. 

5 Journal of Mines, Metals £ Fuels, V. 18, No. 
10, October 1970, p. 382. 

6 The South African Mining and Engineering 
Journal. V. 81, No. 4032, pt. 1, May 15, 1971, 
pp. 995-997. 
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ed the outlook for diamond mining in 
South Africa. 

Spain.—Interest has been shwon in dia- 
mond mining as a byproduct of prospect- 
ing for platinum in Malaga Province. Ex- 
amination of samples for heavy minerals 
disclosed the presence of diamonds. The 
Spanish Government controlled Instituto 
Nacional de Industria joined a cooperative 
exploration program with two Canadian 
companies, Noranda Exploration Ltd. and 
Plour Management Ltd. to evaluate dia- 
mond potential covering 70,000 acres of 
the Province.” 


TECHNOLOGY 


Discrepancies in diamond abrasive sizing 
caused by the variables of sieve, sieving de- 
vice, sieving time, sieve load, and humidity 
will be minimized by the adoption of 
standards sponsored by the Industrial Dia- 
mond Association and the Diamond Wheel 
Manufacturers’ Institute. The standards 
were presented previously to the American 
National Standards Institute.8 When natu- 
ral diamond is crushed, the particles may 
be separated by shape, arbitrarily into four 
divisions—blocky, more elongated, neither 
too blocky nor too flat, and perfect needles 
or flats—and each shape is allocated a 
number. Early synthetic diamond was 
small and friable and did not fit into the 
scheme.? However, the latest high-pressure 
systems such as at Shannon, Ireland10 and 
at Worthington, Ohio,!! control the crystal 
growth to produce relatively large crystals 
that are strong and have well-defined edges 
and corners. 


Plunge-grinding without damage to the 
wheel or to the material being ground, 
particularly tungsten carbide, glass, ceram- 
ics, exotic alloys, and laminates of alumi- 
num and boron carbide, can be done at 
low speeds, 800 to 1,000 surface feet per 
minute with diamond wheels applied at 
high pressure. The wheels are made with 
high-strength bonds, and the grinding ma- 
chine must be designed for high wheel 
pressures.12 


A great number of patents were granted 
for improvements in making diamond ab- 
rasive products and modifications in the 
machines that apply them. The following 
patents are of interest in the making of 
diamonds: U.S. 3,499,732 (A Method for 


159 


Making Diamond), March 10, 1970, to D. 
R. Garrett. This describes a method by 
which a dense, compacted mass of dia- 
mond-forming material is converted by use 
of energy generated by detonation of a 
high explosive charge; and, U.S. 3,536,447, 
(A method of Preparing Synthetic Dia- 
mond Crystals, Oct. 27, 1970, to M. Wakat- 
suki, T. Aoki, S. Takasu, and N. Waka- 
mutu. This describes a method in which a 
new catalyst for use in ultrahigh-pressure, 
high-temperature production of synthetic 
diamond consists of an alloy of silicon 
with either copper, gold, or silver. 


A synthetic carbonado that compared fa- 
vorably with natural carbonado was made 
from diamond powder at a pressure of 
about 65 kilobars and a tempertature of 
2,500°.13 

The largest known manufactured in- 
dustrial diamond in the world was shown 
at Provo, Utah, by Dr. Hall of Megadia- 
mond Corp. It was made by the synthetic 
carbonado method.14 


Two systems provide for standardization 
of dimensions of drill rods, core barrels, 
and drilling tools for mining and explora- 
tion: (1) The metric system and (2) the 
inch system. A comparison of the systems 
and a correlation have been made of de- 
sign principles, manufacturing methods, 
and applications of diamond bits.15 


The National Technical Information 
Service, Springfield, Va., has reprinted 
(available as a hard copy or microfiche) 
under NTIS No. PB 192 860, Industrial 
Diamond, A Materials Survey, by Henry P. 
Chandler (BuMines Info Circ 8200, 1964) . 


“World Mining. V. 6, No. 3, March 1970, p. 


51. 

5 Connors, E. J. A New Method for Checking 
Diamond Abrasive Size. Abrasive Eng., v. 16, No. 
2, February 1970, pp. 18-20. 

? Raal F. A., Dr. De. Beers SDA—A Superior 
Diamond Abrasive. Ind. Diamond Rev., v. 30, 
No. 361, December 1970, pp. 478-482. 

? Industrial Diamond Revicw. World's Largest 
Diamond Manufacturing Plant Inaugurated. V. 
30, No. 356, July 1970, pp. 252-255. 

11 Tuzzeo, J. J. Tailored Diamond [Increases 
Blade Life. Stone, v. 90, No. 9, September 1970, 


. 57. 

12 Abrasive Engineering. Diamond Slow-Down. 
V. 16, No. 8, August 1970, p. 18. 

13 Hall, H. Tracy. Sintered Diamond: A Syn- 
thetic Carbonado. Sci., V. 169, No. 48, Aug. 28, 
1970, pp. 868-869. 

M'The Mining Record. 20-Carat Synthetic Dia- 
mond. V. 81, No. 39, Sept. 30, 1970, p. 3. 


15 Marx, Claus. Drilling With Diamond Bits. 
10% v. 122, No. 2, February 1970, pp. 
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ARTIFICIAL ABRASIVES 


Crude fused aluminum oxide abrasive 
material was produced in the United 
States and Canada in 1970 by six firms. The 
Carborundum Co., Norton Co., and Gen- 
eral Abrasive Co., Inc., Division of U.S. In- 
dustries, Inc., each operated plants in both 
countries. Pyrominerals, Ltd. Simonds 
Canada Abrasive Co., Ltd.; and The Exolon 
Co., had operations only in Canada. Of the 
combined output, 168,593 tons was regu- 
lar grade, and 26,671 tons was white, 
high-purity material. Output was at 54 
percent of rated plant capacity. About 9 
percent of the total output of fused alumi- 
num oxide, domestic and Canadian, was 
used in nonabrasive applications, princi- 
pally in the manufacture of refractories. 

Pyrominerals Ltd., 80 percent-controlled 
by American Abrasive Co., Westfield, 
Mass., a subsidiary of Bendix Corp. of 
Detroit, ceased operations in December 
1970 and was to be liquidated. 

In 1970 crude silicon carbide was pro- 
duced in the United States and Canada by 
six firms. The Carborundum Co., which 
operates plants in both countries, Electro- 
Refractories & Abrasives, Ltd., The Exolon 
Co., General Abrasive Co., Division of U.S. 
Industries, Inc., and Norton Co., produced 
crude for both abrasive and nonabrasive 
uses. Satellite Alloy Corp., with facilities 
only in the United States, produced silicon 
carbide exclusively for refractories and 


other nonabrasive applications. Production 
was estimated at 93 percent of capacity, 
and consumption was estimated at about 
50 percent each for abrasive and nonabra- 
sive purposes. 

As of December 31, 1970, GSA reported 
377,588 tons of fused aluminum oxide 
crude in inventory, of which 128,493 tons 
was in excess of objective; 50,905 tons of 
fused aluminum oxide grain at objective; 
and 196,453 tons of silicon carbon crude, 
of which 166,453 tons was in excess of 
objective. 

Metallic abrasives production in 1970 de- 
creased by 10 percent in quantity and 2 
percent in value compared with 1969. Steel 
shot and grit was predominant. Iron shot 
and grit was evenly divided between 
chilled iron and annealed iron. Minor 
quantities of other metallic oxides and car- 
bides were reported. Ohio maintained its 
position as the number one producing 
State with 32 percent of the total quantity. 
Michigan, Indiana, and Pennsylvania, fol- 
lowed in order of quantity and combined 
accounted for 58 percent of the total. New 
York, Illinois, New Hampshire, and Con- 
necticut combined accounted for the re- 
maining 10 percent of quantity. The order 
of rank for value was similar to that of 
quantity, except that the value of metallic 
abrasives produced in Indiana exceeded 


that of Michigan. 


Table 12.—Crude artificial abrasives produced in the United States and Canada 


(Thousand short tons and thousand dollars) 


Kind 


Silicon carbide 22 eee 
AA een S Q aaa EE 
Aluminum oxide (abrasive grade) )) 


1966 1967 1968 1969 1970 
159 142 159 161 167 
$21,674 $19,612 $23,833 $23,945 $24,038 
244 217 195 
$29,981 $28,183 $327,705 $31,276 $27,402 
20 204 216 230 199 
$31,139 $32,610 $34,778 $37,369 $34,332 
608 553 568 609 561 
$82,794 $80,405 $86,316 $92,589 $85,772 


1 Figures include material used for refractories and other nonabrasive purposes. 


2 Shipments for U.S. plants only. 


2 Data may not add to totals shown because of independent rounding. 
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Table 13.—Production, shipments, and stocks of metallic abrasives in the United States, 


by products 


Manufactured Sold or used 
Stocks Annual 
Year and product Value Value Dec. 31 capacity 
Short (thou- Short (thou- (short (short 
tons sands) tons sands) tons) tons) 
1969 
Chilled iron shot and grit 34,407 $3,605 34,528 $3,825 5,176 244,625 
Annealed iron shot and grit 45,865 4,895 47,281 , 619 1 158,343 
Steel shot and grit... 149,466 21,160 146,487 27,049 13,092 168,163 
Orr 8 2,190 352 2,199 452 153 10, 250 
Total eto 231,928 30,012 230,495 37,369 19,040 423,038 
1970 
Chilled iron shot and grit 30,064 3,469 29,369 3,703 4,867 254 , 237 
Annealed iron shot and grit 35,973 4,380 35,764 4,964 367 1158, 843 
Steel shot and grit 140, 707 21, 844 132, 204 25, 366 21, 579 190,163 
Other 2. A ais 1,687 224 1,782 800 57 10,750 
Total A 208,431 29,417 199,119 34,332 26,866 455,150 


1 Included in capacity of chilled iron shot and grit. 
2 Includes cut wire shot. 


3 Data may not add to totals shown because of independent rounding. 


Table 14.—Stocks of crude artificial abrasives and capacity of manufacturing plants, 
as reported by producers in the United States and Canada 
(Thousand short tons) 


Silicon carbide 


Aluminum oxide Metallic abrasives ! 


Y ear Stocks Annual Stocks Annual Stocks Annual 
Dec. 31 capacity Dec. 31 capacity Dec. 31 capacity 
1966... 2 due ocu 17.5 174.4 18.6 310.8 12.7 373.5 
AA 12.9 176.1 30.2 330.2 15. 6 400.1 
1968... re soin 17.7 179.7 25.5 357.2 r 16.8 406.4 
ö ³˙ anos 9.1 181.7 33.2 358.2 19.0 423.0 
/// AA 18.7 179.1 30.8 359.2 26.9 455.0 
r Revised. 
1 United States only. 
TECHNOLOGY exerting high pressure and high horse- 


The development of desirable finish on 
a part of tumbling or vibrating it in con- 
tact with small abrasive nuggets called 
media, is defined by the term “mass finish- 
ing.” The media first were made by crush- 
ing, shaping and sizing crude abrasive. Re- 
cently, manufacturers have trended to 
preforms in which the abrasive grains are 
ceramic bonded or resin bonded and which 
provide a wide variety of shapes and 
structures.16 

Usually a high rate of stock removal is 
associated with high-speed grinding wheels, 
but coated abrasive producers have devel- 
oped strong belts with machines capable of 


power so that belts are superior to 
wheels in rate of stock removal and in 
economics.17 

Patents on the materials used in abra- 
sives and refractories were directed to 
minor improvements of existing materials 
and to the machines that apply them. 
However, the total number of patents is 
imposing and indicates that the effort to 
improve existing technology is fruitful. 


16 Matchulat, John G. Abrasive Grain Manufac- 
turers Keep Pace. Abrasive Eng., v. 16, No. 12, 
December 1970, p. 10. 

17 McKee, Richard S. Abrasive-Belt Machining 
Saves Time. Abrasive Eng., v. 16, No. 8, August 
1970, pp. 20-22. 
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Figure 1.—Artificial abrasives production. 


Aluminum 


By John W. Stamper * 


In 1970, production of primary alumi- 
num in the United States was 5 percent 
higher than in 1969. Apparent demand 
however, declined markedly and producers 
closed down production facilities equiva- 
lent to 8 percent of overall capacity at 
yearend. 

World production of primary aluminum 
increased Y percent to a new record of 
10,655,000 short tons despite an increase 
only about 1 to 2 percent in world de- 
mand. Demand in some major consuming 
countries, such as West Germany, was less 
than in 1969. 


Legislation and Government Programs. 
—The Bureau of Domestic Commerce 
(BDC), U.S. Department of Commerce, es- 
tablished aluminum set-asides each quarter 
during 1970 to meet the estimated require- 
ments of the Department of Defense, 
Atomic Energy Commission, National Aer- 
onautics and Space Administration, and re- 
lated defense programs. The set-aside for 
the year was 455,000 tons, compared with 
600,000 tons during 1969. 

Shipments of aluminum ingot from the 
Government stockpile by the General Serv- 
ices Administration was 24,261 short tons. 


Table 1.—Salient aluminum statistics 
(Thousand short tons and thousand dollars) 


1966 1967 1968 1969 1970 
United States: 

Primary production................ 2,968 3,269 3,255 3,793 8,976 
Value. uuu a oa $1,446,011 $1,614,488 $1,689,621 $2,013,408 $2,190,087 
Price: Ingot, average cents per pound. 24.5 25.0 25.6 27.2 28.7 
Secondary recovery...............- 698 698 817 901 781 
Exports ee and semicrude)....... 330 366 351 575 612 

Imports for consumption (crude and 
semierudevvꝛꝛp:: 679 793 558 468 
Consumption, apparent 4,002 4,009 4,663 4,710 4,519 
World: Production 7,588 8,348 8,839 9,932 10,655 


DOMESTIC PRODUCTION 


Primary.—Because of declining demand 
in 1970 and ‘continuing concern about ex- 
cess capacity, producers closed potlines and 
delayed new construction and expansion of 
existing facilities. By yearend, the cutbacks, 
which began in September 1970, affected 
about 8 percent of the total production ca- 
pacity. Despite the oversupply situation 
two new aluminum plants and construc- 
tion of other new plants continued on 
schedule. Primary aluminum production 
increased to a new record, nearly 5 percent 
above the 1969 output. 

In September, Aluminum Co. of America 
(Alcoa) , closed a 25,000-ton-per-year alu- 
minum potline at its Alcoa, Tenn., reduc- 
tion plant. The company also announced 


that construction of a new 100,000-ton- 
per-year potline at the same site, which 
was originally scheduled for initial opera- 
tion in 1972, and the addition of two 50,- 
000-ton-per-year lines at its Warrick, Ind., 
reduction plant would be delayed until 
market forecasts showed a need for addi- 
tional ingot capacity. 

At a new plant near Ft. Meade, Fla., 
Alcoa, jointly with the United States Steel 
Corp., began production of aluminum 
fluoride and synthetic cryolite from fluosili- 
cic acid, a byproduct of the phosphate 
chemical industry in the area. The fluoride 


1 Physical Division of Nonferrous 


Metals. 


scientist, 
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chemicals are essential raw materials in the 
production of aluminum metal. The firm 
also announced plans to further diversify 
into magnesium metal production, an im- 
portant alloying ingredient in aluminum. 
The company will use the silicothermic 
process to produce 25,000 tons of magne- 
sium per year from dolomite and lime- 
stone deposits near Addy, Wash. 

American Metal Climax, Inc. (AMAX), 
purchased land near Astoria, Oreg., from 
Bell Intercontinental Corp., which had 
partially prepared the site to build an alu- 
mina reduction plant and had acquired fu- 
ture rights to electric power from the 
Bonneville Power Administration (BPA). 
AMAX. also assumed the long-term power 
contract with the BPA and planned to 
construct a primary aluminum plant at 
the site. 

Anaconda Aluminum Co. started con- 
struction of a new 120,000-ton-per-year pri- 
mary aluminum plant near Sebree, Ky. 
The plant is scheduled to start operation in 
mid-1973. Alcoa will design, engineer, and 
act as general contractor in building the 
facility, which will utilize prebaked anodes 
and will be capable of expansion to 
244,000 tons per year. Late in the year, 
Anaconda reduced output at its Columbia 
Falls, Mont., reduction plant by 10 per- 
cent, which was equivalent to 17,500 tons 
per year of primary aluminum. 

Harvey Aluminum Inc. continued con- 
struction of its 100,000-ton-per-year alu- 
mina reduction plant near the John Day 
Dam in Klickitat County, Wash., which 
was scheduled to start production in the 
latter half of 1971. 

Corporate changes in Howmet Corp. 
during the year were expected to make it 
the fourth largest producer of primary alu- 
minum by 1971. Péchiney Enterprises Inc. 
(a U.S. subsidiary of Péchiney Compagnie 
de Produits Chimiques et  Electromé- 
tallurgiques of France) increased its inter- 
est in Howmet from 45 to 56 percent and 
was merged with Howmet. Howmet then 
became a 50-percent owner of the Intalco 
Aluminum Corp. plant at Ferndale, Wash. 
Production was started at a new 85,000- 
ton-per-year reduction plant near Freder- 
ick, Md., operated by the Eastalco Alumi- 
num Co., a 100-percent-owned subsidiary 
of Howmet. During the year the operating 
rate at the Intalco smelter was reduced by 
6 percent or about 15,000 tons. 

In October Kaiser Aluminum & Chemi- 
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cal Corp. shut down two alumina reduc- 
tion lines—one at its Chalmette, La., pri- 
mary plant and one at its Mead, Wash., 
plant. The closings decreased capacity at 
Chalmette and Mead by 29,000 tons and 
26,000 tons, respectively. An additional 
26,000-ton-per-year line was shut down at 
Mead in December. 

Kaiser also announced that it planned to 
construct a $7.5 million coke calcining 
plant at Gramercy, La. The facilities will 
include a bulk coke handling terminal and 
covered storage area. Construction was ex- 
pected to begin in early 1971; plant opera- 
tion is scheduled for mid-1972. Calcined 
coke is essentially pure carbon used in the 
production of aluminum. Raw material in 
the form of green coke will be barged to 
the plant from Gulf Oil Co.'s refinery, 
under construction at Myrtle Grove, La. 
The plant will be the sixth of its type for 
the company, with others located at Norco 
and Chalmette, La.; Mead, Wash.; Purvis, 
Miss.; and Gary, Ind. 

The alumina reduction plant of Nation- 
al-Southwire Aluminum Co, at Hawesville, 
Ky., was completed early in 1970, bringing 
total capacity of the plant, which opened 
in 1969, to 180,000 tons per year. The first 
shipment of hot (molten) metal from the 
plant was delivered to the nearby rod and 
cable plant of the Southwire Co., a 50-per- 
cent owner of the reduction plant. 

Construction continued on the new alu- 
mina reduction facility of Noranda Alumi- 
num, Inc. The first unit of the 
70,000-ton-per-year aluminum plant was 
expected to be operational early in 1971. 
Design of the plant provides for ultimate 
expansion to 210,000 tons per year. 

Ormet Corp. closed down a 40,000-ton- 
per-year aluminum potline at its Hanni- 
bal, Ohio, reduction plant in September. 

A memorandum of agreement concerning 
a possible merger between Swiss Alumin- 
ium Ltd. (Alusuisse), a Zurich-based firm 
with worldwide interests in aluminum 
ranging from bauxite mining and process- 
ing to fabricated products, and Phelps 
Dodge Corp., a U.S.-based firm with major 
interests in copper smelting and aluminum 
fabricating, reportedly was signed late in 
the year. Alusuisse owns Consolidated Alu- 
minum Corp. (Conalco) and Gulf Coast 
Aluminum Corp. Conalco operates a 140,- 
000-ton-per-year alumina reduction plant 
at New Johnsonville, Tenn. A line with 
35,000-ton-per-year capacity at this plant 
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was shut down in September. Gulf Coast 
was completing construction of a new re- 
duction plant at Lake Charles, La., which 
was expected to be on stream with a 35,- 
000-ton-per-year capacity, early in 1971. 

Under the proposed merger Alusuisse 
would own 60 percent of the combined op- 
erations of Conalco, Gulf Coast, and the 
Phelps Dodge Aluminum Products Division 
of Phelps Dodge, and Phelps Dodge Corp. 
would own 40 percent. Phelps Dodge pur- 
chases about 40,000 tons of primary alumi- 
num per year from Conalco through a toll 
arrangement for alumina acquired by 
Phelps Dodge from Surinam. 

Revere Copper & Brass, Inc., started pro- 
duction from its new alumina reduction 
plant on Goose Pond Island in the Ten- 
nessee River near Scottsboro, Ala. A major 
portion of primary aluminum output from 
the plant will go in molten form to Re- 
vere’s adjacent rolling mill. Alumina raw 
material will come from Revere’s new alu- 
mina plant in Jamaica. 
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Late in the year Reynolds Metals Co. 
temporarily shut down aluminum potlines 
at four of its seven domestic alumina re- 
duction plants. The cutbacks affected a 
72,000-ton-capacity potline at  Listerhill, 
Ala., and each of three 24,000-ton potlines 
at Jones Mills, Ark., Longview, Wash., and 
Troutdale, Oreg. The company also de- 
layed startup of a new 30,000-ton-per-year 
line under construction at its Troutdale, 
Oreg., reduction facility. 

Secondary.—Decreasing activity at alumi- 
num semifabricating and fabricating opera- 
tions and a work stoppage in the automo- 
tive industry combined to cause a marked 
decline in secondary aluminum operations 
during the year. 

Total consumption of aluminum based 
scrap metal, as calculated from data on in- 
dustry purchases and stocks of scrap re- 
ported to the Bureau of Mines, dropped to 
973,000 tons, about 12 percent below the 
calculated consumption of aluminum scrap 
in 1969. Virtually all of the decreased con- 


Table 2.—Production and shipments of primary aluminum in the United States 


(Short tons) 
1969 1970 
Quarter 
Production Shipments Production Shipments 
RRE 916,925 933,201 978,914 980,640 
Sor ³ðV- gle Seite S 946,194 957,482 997,183 976,816 
Thi o ³ÄA1AmAmAA 8 952, 204 952, 750 993,222 939,720 
FEOurrher o u. EEN 977,739 977,568 1,006,829 981,744 
Total z D uu s il cvs 3,793,062 3,821,001 3,976,148 3,878,920 
Table 3.—Aluminum recovered from scrap processed in the United States, 
by kind of scrap and form of recovery 
(Short tons) 
Kind of scrap 1969 1970 Form of recovery 1969 1970 
New scrap: As metal.................. 88,204 70,873 
Aluminum-base. ....... 1752,180 ?635,357 Aluminum alloys............ 797,002 698,415 
Copper- base 73 107 In brass and bronze 789 817 
Zine-b age 77 96 In zinc-base alloy 6,380 5,164 
Magnesium-base. ...... 295 283 In magnesium alloys........ 909 783 
— In chemical compounds 7, 546 5, 367 
Total.. .------------ 752,625 635,843 —— 
Totális ano ( 900,830 781,419 
Old scrap: 
Aluminum- base 1 147,510 2 144, 869 
Copper- base 70 59 
Zine- base 520 554 
Magnesium base 105 94 
KE ME 148,205 145, 576 
Grand total 900,830 781,419 


1 Aluminum alloys recovered from aluminum-base scrap in 1969, including all constituents, were 793, 188 
tons from new scrap and 167,541 tons from old scrap and sweated pig, a total of 960,729 tons. 

2 Aluminum alloys recovered from aluminum-base scrap in 1970, including all constituents, were 668,400 
tons from new scrap and 164,008 tons from old scrap and sweated pig, a total of 832,408 tons. 
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sumption was accounted for in new scrap 
because the supply of old scrap was essen- 
tially independent of current semifabricat- 
ing and fabricating operations where the 
new scrap is generated. 

Recovery of secondary aluminum, calcu- 
lated from industry reports, was 781,000 
tons, 13 percent below the 1969 level. Re- 
covery of all metallic. constituents from 
aluminum-base scrap dropped 14 percent 
to 832,000 tons. 

The Bureau of Mines estimated that full 
coverage of the industry would show a 
total scrap consumption of 1,330,000 short 
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tons in 1969 and 1,170,000 short tons in 
1970. Aluminum recovery, based on full 
coverage would total 1,080,000 tons in 1969 
and 940,000 tons in 1970. Metallic alumi- 
num recovery would total 1,150,000 tons in 
1969 and 1 million tons in 1970. 

Data on secondary aluminum obtained 
through a Bureau of Mines canvass were 
combined for publication with data made 
available to the Bureau by the Aluminum 
Smelters Research Institute (ASRI). ASRI 
covered operations of its members, which 
represented about 75 percent of the sec- 
ondary aluminum industry. 


Table 4.—Primary aluminum production capacity in the United States, 
by companies 


(Thousand short tons) 


Company and plant location 


Aluminum Co. of America (Alcoa): 
Alcoa, T 
Badin, Eegeregie 
Evansville (Warrick), Ind. .................- 
Massena, N. K ů 
Point N juo z > AA 8 
Rockdale, Tenn 
Vancouver, Wash da a a uu 
Wenatchee, Wass 


Total si ert cc 


1 Wash; coa . - 
Massena, N.Y ``- ⅛« m.; ĩð ß en iaa 


Kaiser Aluminum € Chemical Corp.: 
Chalmette, Laa 
Mead, z:) 
Ravenswood A e ne 8 
Tacoma, 


Mee 


Anaconda Aluminum Co., Columbia Falls, Mont 

Consolidated Aluminum Corp., (Conalco) New 
Johnsville, Tenn 

Harvey Aluminum Inc., The Dalles, Or eg 


Revere Co 


National-Southwire Aluminum Co., Hawesville, Ky. 


Total United States 


r Revised. 


per & Brass Inc., Scottsboro, Ala 


Actual capacity, 


yearen Ownership 
1969 1970 
Self 100 percent. 

r 200 200 
r 100 100 

175 175 

125 125 

175 175 
r 275 275 

100 100 

175 175 


r 1,825 1,325 


Self 100 percent. 


63 63 

r 111 111 
122 122 
r 221 221 
r 190 200 
128 128 
100 100 
r 935 945 

Self 100 percent. 

260 260 

206 206 

163 163 

r81 81 

r 710 710 
American Metal Climax, Inc. 
r 260 260 50 percent; Howmet Corp. 
50 percent. 
88 85 Howmet Corp. e pce (sub- 
sidiary of hiney). 

240 240 Olin Corp. 50 percent; Revere 
copper & Brass, Inc. 50 per- 
cent. 

175 175 The Anaconda Co. 100 percent. 

Swiss Aluminum, Ltd. (Alusuisse) 

140 140 100 percent. 

. m ari orp. per- 
91 91 M dë PM jetta C 87.2 
3 112 Revere Topper & Brass, Inc. 

r45 180 National Steel Corp. 50 percent; 

Southwire Co. 50 percent. 
r 3,921 4,263 
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Table 5.—Stocks, receipts, and consumption of new and old aluminum scrap 
and sweated pig in the United States in 1969 and 1970 1 


(Short tons) 
Class of consumer and type of scrap Stocks Receipts Con- Stocks 
Jan. 17 sumption? Dec. 31 
1969 
Secondary smelters: 3 
New scrap: 
Solids: 
* low copper (Cu maximum, 0.4 
EEN 4,690 125,866 125,810 4,746 
ted high copp ———— 835 18,926 18,864 897 
Mix ed low copper Cu maximum, 0.4 percent)_ 2,055 74,714 74,578 2,191 
High zinc (7000 series type) M 422 10,076 9,66 830 
Mixed clpS;..ccoscurica casado nuusan W W 
Borings and turnings: 
Low copper (Cu maximum, 0.4 percent)...... W W W W 
Zinc, under 0.5 percent.. W W W W 
Zinc, 0.5 to 1.0 percent W W W W 
e Listen dae 1,208 63,825 63,557 1,471 
Foil, dross, skimmings, and other................ 12,306 105,021 103,891 18,436 
Total new scrap 4... LL LLL LLL c.l c... 27,660 572,537 571,875 28,822 
Old scrap (solids) 6,731 118,110 118,388 6,458 
Sweated pig (purchased for own use) 2,753 54,176 52,355 4,574 
Total all classes 87,144 744,828 742,118 89,849 
Primary producers, foundries, fabricators, and chemical 
plants: 
New scrap: 
Solids: 
0 low copper (Cu maximum, 0.4 
EE 2,707 177,575 176,903 8,879 
d high co cop ERN RAA EE A 165 15,983 15,992 156 
Mixed low cODDer(t Cu 1 0.4 percent). 5,031 56,577 59,166 2,442 
High zinc (7000 series type) 277 2,625 2,503 899 
Mixed clips ocn . W W W W 
Borings and turnin 
Low copper ( u maximis: 0.4 percent W W W W 
Zinc, er O. 5 percent w W W W 
Zinc, 0.5 to 1.0 percent. ..................- W W W W 
Other JJ ͤ A 166 28, 580 28,464 282 
Foil, dross, skimmings, and other................ 2,383 47,021 47,097 2,307 
Total new scrapy ůᷣꝶ) PP 11. 155 837,591 339,583 9,163 
Old scrap (solids) „„ 329 9,305 9,882 252 
Sweated pig (purchased for own use) 3,697 18,662 18,014 4,345 
Total all classes 15,181 865,558 866,979 13,760 
Total of all scrap consumed: 
New scrap: 
Soli 
ted low copper (Cu maximum, 0.4 
Perl! . EIER EE aus 7,897 808,441 802,713 8,125 
ted high eopper 1,000 34,909 84,856 1,058 
Mixed low copper ( Cu maximum, 0.4 percent). 7,086 131,291 133,744 4,633 
High zinc (7000 series type) 699 12,701 12,171 1,229 
Mixed elljss . corra cana 2,559 76,637 76,888 2,308 
Borings and turnin 
Low copper (Cu u maximum, 0.4 percent 1,369 17,865 18,680 604 
Zinc, under 0.5 percent 784 25,866 26,026 624 
Zinc, 0.5 to 1.0 percent 1,868 62,971 62,921 1,913 
teen a ao die ee e EU 1,869 92,405 92,021 1,758 
Foil, dross, skimmings, and other 14,689 152 , 042 150,988 15,743 
Total new scrap...-------------------------- 38,815 910,128 910,958 87,985 
Old scrap (solids )))) 7,060 127,415 127,770 6,705 
Sweated pig (purchased for own use)............- 6,450 72,838 70,869 8,919 
Total all classes 52,825 1,110,881 1,109,097 58,609 


See footnotes at end of table. 
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Table 5.—Stocks, receipts, and consumption of new and old aluminum scrap 
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and sweated pig in the United States in 1969 and 1970 1—Continued 


(Short tons) 
Class of consumer and type of scrap 
1970 
Secondary smelters: 3 
New scrap: 
Solids: i 

Segregated low copper (Cu maximum, 0.4 
AAA A ee 
Segregated high copper 


Mixed low copper (Cu maximum, 0.4 percent). 
High zinc (7000 series type77)7))) 
Mixed eis ed Ze 
Borings and turnings: 
Low copper (Cu maximum, 0.4 percent)...... 
Zinc, under 0.5 Gercent 
Zinc, 0.5 to 1.0 perceent 
OUNCE AAA te 8 


Total new scrap ‘__...-.-----.---.------------ 
Old scrap (solids)....................-.-.....-. 
Sweated pig (purchased for own use) 


Total all el asses 


Solids: 
Segregated low copper (Cu maximum, 0.4 
e p 
Segregated high eopper 
Mixed low copper (Cu maximum, 0.4 percent). 
High zinc (7000 series type)... ...........-- 
Mixed clip 
Borings and turnings: 
Low copper (Cu maximum, 0.4 percent)...... 
Zinc, under 0.5 percent 
Zinc, 0.5 to L0percent 
COE AAA k m mm 8 


Total new serap p ——— P 
Old scrap (sdlids ))) de 
Sweated pig (purchased for own use)............. 


Total all classes 


Total of all scrap consumed: 
New scrap: 
Solids: 
Segregated low copper (Cu maximum, 0.4 
percent)... d 
Segregated high copper....................- 
Mixed low copper (Cu maximum, 0.4 percent). 
High zinc (7000 series type)... ...........-. 
Mixed clips 
Borings and turnings: 
Low copper (Cu maximum, 0.4 percent) 
Zinc, under 0.5 percent 
Zinc, 0.5 to 1.0 percent 
OUHGR ora clasista 


Total new saerap. 
Old scrap (solids) :: ina 
Sweated pig (purchased for own use) 


Total all classes 
r Revised. 


1 Includes imported scrap. 
2 Calculated. 


3 Excludes secondary smelters owned by primary aluminum companies. 
4 Data may not add to totals shown because of independent rounding. 


Stocks 
Jan. 1: 


1,471 


15,078 
37,263 
6,349 
8,933 


52,545 


Receipts 


107,780 
13,535 


46,212 
110,591 


475,059 
126,493 
53,401 


654,953 


153,436 
8 


21,702 
49,865 


802,519 
10,431 
10,954 


323,904 


261,216 
20,043 
124,283 
10,316 
69,898 


160,456 
777.578 
136, 924 

64,355 


978,857 


W Withheld to avoid disclosing individual company confidential data. 


Con- 


sumption ? 


108,874 


46,621 
111,208 


477,307 
125,647 
47,373 


650,827 


21,366 
49,324 


300,250 
10,479 
11,477 


322,206 


262,941 


777,557 
136,126 
58,850 


972, 588 


Stocks 
Dec. 31 


10,616 
43,411 


618 
2,849 


11,432 
204 
3,822 
15,458 


58,869 
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The aluminum beverage can recyling 
program, initiated by Reynolds, was con- 
tinued, and Alcoa, Kaiser, and the Adolph 
Coors Co. also conducted programs to col- 
lect and recycle aluminum cans. Investiga- 
tions by the Bureau of Mines? indicated 
that approximately 3 billion all-aluminum 
cans (equivalent to about 57,000 tons of 
aluminum) were used in 1970. It is esti- 
mated that the can recycling programs re- 
sulted in collections and reuse of about 10 
percent of the all aluminum cans used in 


1970. 
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The A & M Division of Vulcan Materials 
Co. reported an increase in sales of second- 
ary aluminum, despite the automotive in- 
dustry shutdowns, and announced plans 
for a 65-percent expansion of production 
capacity of its Oak Creek aluminum 
smelter in Milwaukee, Wis. 

Alloys and Chemical Corp. announced 
its capability to deliver secondary alumi- 
num in molten form to distances of up to 
300 miles of its Cleveland plant. The hot 
metal is trucked to customers' plants in 
two ladles each holding 12,500 to 15,000 
pounds. 


Table 6.—Production and shipments of secondary aluminum alloys, 
by independent smelters 


(Short tons) ! 


1969 1970 
Produc- Ship- Produc- Ship- 

tion ? ments ? tion ? m.ents ? 

Pure aluminum (Al minimum, 97.0 pereen td 88,204 87,769 70,873 70,626 
Aluminum-silicon: 

95/5 Al-Si, 356, etc. (maximum Cu 0.6 pereent 17,568 17, 768 16,907 16,750 

13 percent Si, 360, etc. (maximum Cu 0.6 percent 46,545 45,611 46,331 45,712 

Aluminum-silicon (Cu 0.6 to 2 percent 7,689 7,747 5,889 5,483 

No. 12 and variations 6,236 6,281 8,512 8,623 


Aluminum-copper (maximum Si, 1.5 percent). ...............- 789 772 817 752 
No. 319 and varigtiong ----.-------------------------- 


hh; ³o y iba 343 337 1,012 1,015 
AXS-679 and variations 358,597 855,893 808,875 804,204 
Aluminum-silicon-copper-nickel______-_...__...-...---------- 25,557 25,619 17, 508 17,444 

Deoxidizing and other destructive uses: 
rades ↄVVꝓS ³ ÄA⁰ͥ». ⅛ÄW.-.” a 19, 573 19,741 17,260 17,305 
Grades 3 and 44444422 12,477 12,399 10,336 10,306 
Aluminum-base hardeners. s 6,643 6,434 4,765 5,058 
Aluminum-magnesium..__...._.._--__._-_..-._-_-_.---_---- 909 884 783 780 
Aluminum ine 6, 380 6,690 5,164 4,708 
Miscellaneous. LLL cc Lc slc aaan 80,826 30,334 24,109 24,114 
Tota A A A 682,402 677,564 588,820 581,668 


1 Gross weight, including copper, silicon, and other alloying elements. Secondary smelters used 28,400 and 
15,655 tons of primary aluminum in 1969 and 1970, respectively, in producing secondary aluminum-base alloys. 
2 No allowance was made for consumption or receipts by producing plants. 


CONSUMPTION 

Total shipments of aluminum by the do- Patent Paani 
mestic industry in 1970, estimated by the Industry of total of total 
Aluminum Association, was about 5 mil- 1969 1970 
lion tons, equivalent to a 7-percent drop Building and construction 21 ei i e 
: : : : ransportat ion ; i 
from the 1969 shipments. Gains in ship- VP 13/2 13.4 
ments to the container and packaging in- N packaging... 11 9 55 : 
onsumer durable . . 
dustry of about 23 percent over 1969 and Machinery and equipment 6.5 6.0 
in exports (15 percent) did not offset de- Exports...................- 23 nS 
clines in shipments to the transportation Ôther--------------------- l 
industry and in all other categories. Total — MÀ 100.0 100.0 


The Aluminum Association reported the 
following distribution of end-use shipments 
of aluminum. 


? Siebert, Donald L. Impact of Technology on 
the Commercial Secondary Aluminum Industry. 
BuMines Inf. Circ. 8445, 177^, 76 pp. 
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Table 7.—Apparent consumption of aluminum in the United States 


(Short tons) 
Primary sold Imports Recove Recovery Total 
Year or used by (net) 1 from ol from new apparent 
producers scrap 2 scrap 2 consumption 
1 %%õ0ꝗẽĩjm w 2,958,274 +350, 400 136 , 876 556,155 4,001,705 
E A cu som uu E 3,136,136 +174,723 128,504 569,247 4, 008, 610 
1968.2... 5-228 eR eu Ls 8,403,055 r --443,464 154,711 662,197 r 4,663,427 
1969 ee ee ( IS. 3,821,001 —11 ,419 148,205 752,625 4,710,412 
( AA 3,878,920 —141, Dad 145,576 635,843 4,518,543 


r Revised. 


1 Crude and semicrude. Includes ingot equivalent of scrap imports and exports (weight multiplied by 0.9). 


3 Aluminum content. 


Almost 4,500 tons of aluminum was ex- 
pected to be used for sheathing, window 
sills and jams, and support beams for the 
lobby areas of the 110-story World Trade 
Center under construction in New York 
City. Aluminum also was planned for ex- 
tensive use in covering the Sears Tower 
being built in Chicago. This 109-story 
building reportedly will be the largest in 
the world. 


About 40 percent of all registered boats 
in the United States 16 feet in length or 
less in 1969 were made of aluminum. In 
1970 the total number of aluminum boats 
produced dropped from a record 331,000 
in 1969 to 283,000. However, aluminum 
continued to make inroads on other mate- 
rials of construction for large boats such as 
houseboats, pontoon boats, cruisers, and 
custom yachts, both power and sail. 


Construction of the all-aluminum Alcoa 
Seaprobe, reportedly the largest and most 
advanced surface ship ever built for deep- 
ocean search and recovery, was nearing 
completion at the end of the year. About 
500 tons of aluminum was used in the 
ship. The experience gained in building 
such a large craft of aluminum was ex- 
pected to assist industry in applying ad- 
vanced fabricating techniques to aluminum 
shipbuilding. 

Other large aluminum ships built in 
1970 included a Navy Landing Craft Util- 
ity (LCU), which was capable of carrying 
three of the largest armored tanks in use, 
and the first of five planned 165-ton, 78- 
foot-long shrimp trawlers. 

A report indicated that consumption of 
aluminum in the automobile increased 
faster in the past 10 years than the use of 
any other metal for this purpose. The 
major areas of aluminum usage in domes- 
tic passenger cars and the percentages of 
total automotive market for aluminum 
were reported as follows: 


Percent 

Automatic transmission __________ 40 
Engine, (including electrical) 37 
Air conditioning |... 13 
Hardware and trim _____________ 5 
Brakes 2 
e L oue LU LL Lus 2 
Other 1 

Total - eaten 100 


Most of the aluminum in automatic 
transmissions is for the case and cover, 
which weigh up to 20 pounds. Although 
some engine blocks, such as the 1970 
model Chevrolet Vega, were cast alumi- 
num, pistons, which weighed up to 2 
pounds each, comprised the largest use in 
engines. Small quantities of aluminum foil 
and magnet wire are used in secondary 
motor coils and distributor parts. 

The average factory-installed automobile 
air conditioner uses 10 to 15 pounds of 
aluminum tubing and fin stock and about 
3 pounds of die or permanent mold alumi- 
num castings for the compressor crankcase, 
pistons, and connecting rods. 

A major builder of electrical transform- 
ers began converting from copper to alu- 
minum for primary and secondary 
windings.* The high cost of copper rela- 
tive to that of aluminum was given as the 
principal reason for the change. The com- 
petition between aluminum and copper for 
the electric conductor wire and cable mar- 
ket continued; three new wire and cable 
products that utilized aluminum in combi- 
nation with copper,5 steel9 and nickel, 
were marketed. 


3 Metals Week. Metals in Autos: A to Z. V. 1, 
No. 47, ov 23, 1970, pp. 12A-26A. 
4 Shobe, . W. Aluminum Replacing Coppel. ^: 
Electrical 1 Mod. Metals, v. 26, 
4, May 1970, pp. 8 
5 Hoffman, W. Copper - Clad Aluminum Wire 
Economical. Am. Metal Market, v. 77, No. 145, 
July 30, 1970, pp. 1, 6. 
erican Metal Market. Overhead Power 
Lines Use Clad Steel Wire. V. 78, No. 78, Mar. 
11, 1971, p. 9. 
7 Metals Week. Another Kind of Clad Alumi- 


num Wire. V. 42, No. 15, Apr. 12, 1971, p. 26. 
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Table 8.—Net shipments of aluminum wrought 1 and cast products by producers 


(Short tons) 
1969 1970 p 
Wrought prod 
Sheet plate, rend /; ͥͥ ͥ ͥͥͥͥͥͥͥ0⁰⁴AAḱſ ² uU IM M E CER A s 2,148,874 2,123,669 
Rolled and continuous cast rod and bar; wire 482,273 495,687 
Extruded rod, bar, pipe, tube, shapes; aca, and welded tubing and rolled struc- 

A AAA 991,212 911,286 
Powder, flake, and paste een 187,982 102,268 
Forgings (including "impacte) 7))%);õũͤã ĩ K ORE MESS 78, 298 , 194 

Tötal- 25 oie ae eet ere ds ab 3,838,139 8,693,104 

Cast : 
Sand a TIN y a K 8 110, 421 99,173 
Permanent Mol ³ð 217,023 175,048 

EE 513,798 470,964 
OU hen. AN A ³ A y E A A DS T 7,412 

Tol caca a o aa o tia 2 849,041 752 , 597 

Grand totali e e 4,682,180 4,445,701 

p Prelimina 


ary. 
1 Net shipments derived by subtracting the sum of producers' domestic receipts of each mill shape from the 
domestic industry’s lee of that shape 
2 Subject to possible upward revision ol SEET 10 to 15 percent. 


Table 9.—Distribution of wrought products 


(Perrent) 
1969 1970 » 
Sheet, plate, and foil: 
on-heat-treatable ART CIRC SUPER ] A TRUST EE 44.4 47.0 
Heat-treatable........ ccc - Llc .  ... ee eee ee eee 4.2 8.0 
Ol bese O sar eee OS f df S au eae Ma de eun 7.8 7.6 
Rolled and continuous cast rod and bar; wire: 
J ³ yd d ³ K ĩð v eas 1.9 1.9 
Bare wire, conductor and noneondu eto 1.2 1.3 
Bare cable (including steel-reinforced)__..._....._......------.------------. 6.2 6.8 
Wire and cable, insulated OP COVOTOd ⁰o¹ A 3.3 3.5 
Extruded products: 
Röd and DA ß ß oe .8 .8 
Pipë and tube AM A A ⁰⁰⁰ A 2.6 2.4 
))) IA II 8 20.0 19.1 
Tubing: 
DIA o nk uu eee 1.2 1.1 
Welded, non-heat-treatable .... LL . . eee eee 1.3 1.2 
Powder, flake, and paste: 
tomized IEE PPE a o Eee y 8 8.2 2.8 
p Ll cs RN A AAA IN 8 (3) (3) 
e d EE ] è x y y .3 .8 
Powder RAI EI .1 .1 
Forgings (including impact . . 2... . . ee eee 2.0 1.6 
TOUR io ¹˙¹bi¹ ele ene oon Siz Zn D Z S Su i CR D ttem 100.0 100.0 
p Preliminary 


1 Includes a all amount of rolled structural shapes. 
2 Includes a small amount of heat-treatable welded tube. 
3 Less than 0.1 percent. 


STOCKS 


Stocks of aluminum ingot reported at re- 
duction plants rose sharply from 42,975 
short tons at the beginning of the year to 
140,203 tons at yearend. All of the primary 
producers do not report stocks at their re- 


cludes stocks of all metal forms at reduc- 
tion and other processing plants, was as 
follows: 


Metal inventory at yearend, short tons 


duction plants to the Bureau. The BDC, LEE 1,766,000 
Department of Commerce, reported that 1908. . 1,862,000 
the total metal inventory held by the alu- ¡E APA 1,892,000 
minum industry, which apparently in- RTV 2,198,000 
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PRICES 


The price for 99.5-percent primary alu- 
minum ingot, quoted in the American 
Metal Market, increased from 28 cents per 
pound at the beginning of the year to 29 
cents per pound on April 14, 1970, and re- 
mained at that level for the remainder of 
the year. Low demand during the year, 


however, resulted in substantial discount- 
ing, some ingot reportedly selling for as 
little as 22 cents per pound by yearend. 

Quoted prices for secondary aluminum 
alloy ingot also increased during the year 
about 1 cent per pound. 


FOREIGN TRADE 


Total U.S. exports of aluminum in- 
creased 8 percent in 1970; 18 percent ofo 
the ingots, slabs, and crude went to 
France, 17 percent to Japan, and 14 per- 
cent to West Germany. Exports of crude 
and semicrude aluminum increased 6 per- 
cent; exports of wire and cable and other 
manufactures increased about 70 percent. 

Domestic exports of aluminum scrap de- 
creased by 34 percent, reflecting the low 
level of activity at aluminum fabricating 
plants in the United States. Japan, Italy, 
and West Germany received about 70 per- 
cent of the total. 

The total quantity of crude and semi- 
crude aluminum imported was 16 percent 
less than in 1969, largely because of a 


Table 10.—U.S. exports 


Class 


Crude and semicrude: 


Ingots, slabs, erude Lll. ll lll. 

o 4g d hoc baec k 
Plates, sheets, bars, et 
Castings and forgings. ss 
Semifabricated forms, per... 


Manufactures: 


Foil and leaf_____ o ooo 8 


Powders and 


Wire and cable 9 


sharp decline in receipts of crude alumi- 
num and alloy from Canada, Norway, 
France, and Poland. Although shipments 
from Canada of aluminum dropped about 
17 percent, that country continued to be 
the principal overseas source of aluminum 
for the United States. 

Effective January 1, 1970, in accordance 
with “Kennedy round” trade agreements, 
duties on certain unwrought and wrought 
aluminum products were reduced and, 
during the year, were as follows: (in 
coils), 1.7 cents per pound; unwrought 
(other than aluminum silicon alloys) 1 
cent per pound; wrought (bars, plates, 
sheets, strip) , 2.2 cents per pound. 


of aluminum, by classes 


1969 1970 

Short Value Short Value 
tons (thousands) tons (thousands) 
344,414 $172,137 408 , 452 $214,780 

86,25 ; 57,159 ; 
135,707 99,596 137,675 106,913 
4,360 10,473 8,438 9,068 
4,134 7,722 4,843 9,302 
574,870 323,755 611,567 361,008 
5,300 8,481 6,648 10,990 
1,299 1,510 3,078 3,088 
10,082 7,942 18,505 15,695 
16,681 17,933 28,231 29,773 
591,551 341,688 639,798 390,781 
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Table 12.—U.S. imports for consumption of aluminum, by classes 


1969 1970 
Class ——  ——, s, u Ə nT 
Short Value Short Value 
tons (thousands) tons (thousands) 
Crude and semicrude: 
Metal and alloys, , iege ene 468,236 $214,845 350,060 $164,227 
Circles and disk 7,014 4,610 9,284 6,484 
Plates, sheets, etc. n.e.cdts e r 87,538 r 24,226 59,137 89,294 
Rods and bars. .............................- 12,616 9,601 10,239 8,108 
Pipes, tubes, et ek 8,457 8,471 2,234 2,419 
JJJ/ö% EE 28,850 11,008 36,779 12,979 
Ir ia a : 557,711 r 267, 756 467. 733 233,461 
Manufactures: 
NEE 1,924 8,405 14,067 14,209 
Leaf (5.5 by 5.5 inches ( 34 1 27 
Flakes and powders 773 597 164 198 
ji. "TR nM 837 777 946 928 
AA d 8,534 4,813 15,177 15,357 
Grand total 2.22222 LL LLL ee r 561,245 r 272,569 482,910 248,818 


r Revised. 
1 1969: 2,690,000 leaves and 78,143,447 square inches; 1970: 1,787,500 leaves and 51,944,636 square inches. 
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WORLD REVIEW 


World demand for aluminum in 1970 re- 
portedly increased about 1 to 2 percent 
over the 1969 level, to about 10.5 million 
tons compared with world production of 
10.7 million tons. Since much of the de- 
mand was met by secondary sources, world 
stocks of primary metal probably increased 
significantly. Despite the low demand, new 
capacity added during the year was 5 per- 
cent higher than 1969 yearend capacity. 

Algeria.—British Smelter Constructions 
was awarded a contract for a feasibility 
study on a primary aluminum project. 
The proposed smelter would be located in 
western Algeria, close to the Hassi-R'Mel- 
Arzew natural gas deposits in order to sup- 
ply low-cost power for the smelter. Alu- 


Table 14.—Aluminum: 


mina was expected to be imported from 
the Eurallumina plant in Sardinia. 

Australia.—The Comalco Ltd. (Com- 
alco) (Bell Bay) smelters new half-pot- 
line, which was due on stream in April 
1971, was near completion at yearend. The 
new line will raise capacity at Bell Bay to 
105,000 tons per year. Production on the 
new line was expected to start in January. 
Alcan Australia, Ltd. of Canada’s Kurri 
Kurri New South Wales smelter began ex- 
panding to increase capacity to 55,000 tons 
per year. Upon approval of the Australian 
and Japanese Governments, Alcan will sup- 
ply 500,000 tons of primary ingot over a 
10-year period to Kobe Steel Works, Ltd. 
of Japan. 


World production, by countries 1 


(Thousand short tons) 


Country 1968 1969 1970 p 
North America: 
7). basica beer 979 1,098 1,063 
MEXICO: ¿z ae ee y 25 36 37 
United Sta tees cimas d ͤg R sd 8,255 8,798 3,976 
South America: ` 
jg CA REENEN r 43 56 e 63 
Súrinam EE 48 59 58 
A AA A II y 11 15 25 
l 
eie ß pppd LR certs 95 99 99 
Czechoslovakia... .... S S s LLL LL 444 „„ õ⸗ũ„ł„ ee 7 72 7 
Qr olo mee ʒ ß ß 403 410 419 
Germany, lil — .=... rr nr w ets r 55 55 55 
Germany, //. ³¹³ͥ 8 284 290 340 
JJ) ³⁵ic A E ðL AS 84 90 96 
e ß d A 69 71 73 
I ³⁰öſſdſſſͥſ / ͥ ͥ EL EE 14 41 
Il..öswbĩ E A ECO 157 156 162 
Nee ᷑rð5r»—⁵˙ x o 80 82 
ee AA Add 516 560 584 
/ ⁰³⁰²w.äq² Tf E 88 103 107 109 
Romaniasí- cota ͤͤ ⁰00ÄÄͤ D ³⁰ et Ea e bt LOU 84 99 112 
PIiͤöÄ tt A A eee 98 114 127 
dd A A ÓN 62 74 78 
Switzerland... ͥůł m ⅛ ] : y d E LEE 85 85 101 
hl NONEM cH ¶᷑³ĩvuo uy NC r 1, 100 r 1,160 1,210 
United Kinds da 42 37 44 
hé ro vor 53 53 53 
Africa: 
Cameroon, Repübie ... 50 52 58 
` DS WEE ⁊ͤ y ʒ 120 125 125 
ia: 
China, mainland ii AA o eee ee eee r 100 r 130 140 
111 ae u thu ⅛ͤ d dd a ELM ee 132 145 178 
; O . 8 531 627 808 
Korea, Npu pe 8 7 17 
J a ee Z / ĩð»Ww ĩð u m 22 24 30 
Oceania: Auatralia l... ........... eee 107 139 225 
C a e a a in UE r 8,839 r 9,932 10,655 
e Estimate. p Preliminary. r Revised. 


1 Output of primary unalloyed ingot unless otherwise specified. 


2 Exports. 
3 Includes secondary. 
4 Includes alloys. 


5 Includes super-purity aluminum as follows in tons: 1968, 3,912; 1969, 4,183; 1970, 5,050. 
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Table 15.—World producers of primary aluminum 
(Thousand short tons) 


Actual 
Country, company, and plant location capacity, Ownership 
yearend 
1970 
NORTH AMERICA 
Canada: 
Aluminium Company of Canada, Ltd.: Alcan Aluminium Ltd. 100 percent. 

Arvida, Quebec. ee ee ccc ce E m 450 
Beauharnois, Quebe ed 48 
Isle Maligne, Quebec 130 
Kitimat, British Columbia 300 
Shawinigan Falls, Quebec_-_.....-..---.. PD 95 
€ RENDERE NOE TRO NETTEN Pe SENE. SENDEN 1,023 

Canadian Reynolds Metals Co. Ltd., Baie Comeau, 

Quebec- EE 175 Reynolds Metals Co. 100 percent. 
AA ³·¹¹ m sicko oes 1,198 
Mexico: 

Aluminio, S.A. de C.V., Vera Cruz___. . 44 Aluminum Co. of America 44 percent; 
private Mexican interests 56 per- 
cent. 

United States: (see table Ai ---------------- 4,263 
Total North America 5,505 
SOUTH AMERICA 
Brazil: 
Aluminio Minas Gerais, S.A., Saramenha, Minas Gerais 28 Alcan Aluminium Ltd. 100 percent. 
Cia. Brasileira de Aluminio S.A. (C.B.A.), Sorocaba, 55 Industria Votorantim, Ltd. 80 per- 
S hr 8 cent; Government 20 percent. 

Companhia Mineira de Aluminis, Pocos de Caldas... . 27 Aluminum Co. of America, Hanna 

Mining Co., Minas Gerais State 
: 100 percent. 
Surinam: 

Suriname Aluminium Co. (Suralco), Paranam. ....... 73 Aluminum Co. of America 100 per- 

cent. 
Venezuela: Aluminio del Caroni, S.A. (Alcasa), Matanzas... 25 Reynolds Metals Co. 50 percent; 
Government 50 percent. 
Total South Ameriaaa 208 
EUROPE 
Austria: 
Salzburger Aluminum G.m.b.H. (SAG), Lend, Salzburg 13 Alusuisse. 
Vereinigte Metallwerke Ranshofen-Berndorf, A.G. 
(VMRB), Ranabhofen 88 Government. 
OCA ::..... é 101 
Czechoslovakia: 
Ziar Aluminium Works, Ziar-on-H ron 72 State owned. 
France: 
Compagnie Péchiney: Péchiney 100 percent. 
Auzat, Artége ee 22 
Chedde, Haute-Savoũie 9 
La Praz, rer eee 4 
L’Argentiére, Haute-Alpnes 42 
Saussaz, Sa voie 13 
Nogueres, Dasses-Pvrénëes __------------------ 123 
Rioupéroux-Isére.________ 2... . l.l l ll... 26 
St. Jean de Maurienne-Sa voile. 89 
Sabart-Ariegee LLL LL Lll 22222 26 
Societé d'Electrochemie, d'Electrometallurgie et des 
Aciereis Electriques d'Ugine (Ugine): Ugine-Kuhlman S.A. 
Lannemezan-Haute Pyrénées_____ 58 
Ventbon-Savoie ee 28 
TOU: Jo nanc c PM 440 
Germany, East: 
Electrochemisches Kombinat: State owned. 
Bitterfeld- ß ß 55 
%%% ͥ BT 88 33 
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Table 15.—World producers of primary aluminum—Continued 


(Thousand short tons) 
Actual 
Country, company, and plant location capacity, Ownership 
yearen 
1970 
EUROPE—Continued 
Germany, West: 
Aluminium-Hütte Rheinfelden G.m.b.H., Rheinfelden, 
Baden: cocos ES ß aa see EE 75  Alusuisse. 
oe Aluminium-Werke A.G. (VAW): Government. 
Erftwerke, Grevenbroich. ..................... 40 
Innwerke, Toging..........................-. TT 
ippenwerke, Lunen...................--..... 55 
Rhein werk... 2 226 eege tcc cet iesu 99 : 
Gebrueder Giulini G.m.b.H., Ludwigshafen 24 Gebrueder Giulini G.m.b.H. 
PC oc si . 370 
Greece: 
Aluminium de Grèce S.A. (ADG), Distomon......... 160 Péchiney 72 percent; Ugine 18 per- 
cent; Government 10 percent. 
Hungary. 
agyarsoviet Bauxite Ipar: State owned. 
Ku E 19 
IK A A ON 83 
Tatabanꝶgdddddddd 8 17 
Iceland: 
Icelandic Aluminium Co., Hafnarfjor dur 49 Alusuisse. 
Italy: 
Alcan Alluminio Italiano S. p. A.: Alcan. 
Borgo-Franco d'Ivrea......................... 6 
Montecantini-Edison S.p.A.: Government 11 percent; Montecan- 
tini Edison 89 percent. 
Beleeger ica 66 
J EC B es 888 40 
e BEE ] ↄ·˙· . II 26 
Societe Alluminio Veneto per-Azioni S.p.A. (SAVA): ^ Alusuisse. 
A E 
Portó Marghera....................-........- 81 
TOTAL: da nas 202 
Netherlands: 
Aluminium Delfzijl N.V. (Aldel), Delfzijl............ 93 Hoogovens 50 percent; Alusuisse 33 
percent; Billiton 17 percent. 
Norway: 
Alnor A/S (Alnor), Karmay Island 99 Harvey ei percent; Norsk Hydro 51 
percent. 
A/S Ardal og Sunndal Verk (ASV): Government 50 percent; Alcan 50 
percent. 
1 ͥ o· W. 156 
HéyüBnger. sa e wee ⁰⁰⁰ 82 
unndalsora.___........-.-.---...--.....----. 132 
Det Norske Nitridaktieselskap (DNN): Alcan 50 percent; British Aluminium 
50 percent. 
IN IMA eee ecu m di e: 14 
] ³ ³·Ü¹i¹w yd 30 
Mosjøen Aluminiumverk A/S (Mosal) Mosj gen 95 Alcoa 50 percent; Elekem 50 percent. 
Sger-Norge Aluminium A/S (Soral), Hus ness 76 Alusuisse 100 percent. 
a AA A 634 
Poland: 
Ministry of Heavy Industry: State owned. 
Konin Works CO)... 61 
Skawina Work.. 61 
Romania: 
iin A O 112 State owned. 
A IA 13 
Spain: 
Aluminio de Galicia, S.A. (Alugasa): às 
Sabinanego, Huesca 14 Péchiney 66 percent; Endasa 17 per- 
: cent; Government 17 percent. 
Empresa Nacional del Aluminio, S.A. (Endasa): Government 54 percent; Alcan 25 
A PANAMA A EUR 40 percent; Spanish interests 21 per- 
ee, r tias a 26 cent. 
e A eee 119 
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Table 15.—World producers of primary aluminum—Continued 
(Thousand short tons) 


Country, company, and plant location 


EUROPE—Continued 
Sweden: 
A/B Svenska Aluminiumkompaniet (Sako), Sundsvall, 
Kubikenbor gz 


Switzerland: 
ENIM: 5 Ltd. (Alusuisse): 


A a x m ua Se Rend 
Usine d'Aluminium Martigny, S.A., Martigny........ 


United Kingdom: 
The British Aluminium Co., Ltd. (Baco): 
Kinlochleven, Scotland 
Lochaber (Ft. William), Scotland............... 


Total co Peat oo Mt TE LY 


Bratsk, Irkutskaya Oblast, Siberia 
Irkutsk (Shelekhovo), Irkutskaya Oblast, Siberia 
Kamensk-Ural'skiy, Sverdlovskaya Oblast, Urals..... 
Kanaker (Yerevan), Armenia 
Kandalaksha, Murmanskaya Oblast 
Krasnoyarsk, regéiere Kray, Siberia 
Nadvoitsy, Karelskaya, A. S. S. Rn . ... 
N Cie etsk (Stalinsk), Kemeroyskaya Oblast, 
J %rN on OnE ee cU ra 
Sumgait (Kirovabad), Azerbaijan 
Volgogra (Stalingrad) 
Volkhov (Zvanka), Leningrad Oblast. .............. 


Yugoslavia: 
Yogoslovenisk: 
Kidricevo, Slovenia........................... 


AFRICA 
Cameroon: 
Compagnie Camerounaise de l'Aluminium Péchiney- 
Ugine (Alucam), Ede e. 


Ghana: Volta Aluminium Corp. (Valco): 
RA i Rz cause FFC 


ASIA 
China, mainland: Twenty locations.... .............. =e 


India: 
Aluminium Corp. of India Ltd. (Alucoin), Asansol, 
West Dengal eee 
Hindustan Aluminium Corp. Ltd. (Hindalco), Renn- 
kott, Uttar Pradesh............................- 


Indian Aluminium Co. Ltd. (Indal): 


, Orissa 
Madras Aluminium Co. Ltd. (Malco), Mettur, Madras 


Actual 
capacity, 
yearend 
1970 


203 


Ownership 


Svenska Metallverken 79 percent; 
Alcan 21 percent. 


Alusuisse 100 percent. 


Self 100 percent. 


Tube Investments, Ltd., Reynolds 
Metals Co. 100 percent. 


State owned. 


State owned. 


Péchiney 48 percent; Ugine 12 per- 
cent; Cobeal 10 percent; Comal Cie 
30 percent. 

gent? 90 percent; Reynolds 10 per- 
cent. 


Self 100 percent. 


Kaiser 27 percent; Birla and Indian 
interests 73 percent. 

Alcan 65 percent; Indian interests 
35 percent. 


Montecantini Edison 27 percent; 
Mane State Government 78 per- 
cent. 
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Table 15.—World producers of primary aluminum—Continued 


(Thousand short tons) 


Country, company, and plant location 


Actual 
Ownership 


ASIA—Continued 
Japan 


Nippon Light Metal Co. Ltd. (NK 


Mitsubishi Chemical Industries, Ltd., Bo m 


Chiba EE 


NagOVE. usos neta ias ica dE 


North Korea: Three locations 


173 Self 100 percent. 
Alcan 50 percent; Japanese interests 
123 50 percent. 


Self 100 percent. 


Self 100 percent. 


Korea, 4 of: Korean Aluminum Co. (South Korea, 


Han Kuk), Ulsan -MMMM 


18 Korean interests 100 percent. 


Taiwan: Taiwan Aluminium Corp. (Taialco), Kaohsiung 


/ ³Ü“1¹aſ˙' ’ꝛ B.... 


OCEANIA 
Australia: 


Alcan Australia, Ltd., Kurri-Kurr iii 
Alcoa of Australia Pty. Ltd., Point Henry (Geelong). . . 99 
Comalco Industries Pty. Ltd., Bell Bay, Tasmania 


Bahrain.—The 120,000-ton-per-year alu- 
minum reduction plant of Aluminum Bah- 
rain Ltd. (Alba) was scheduled to come 
on stream in April 1971, and to reach full 
capacity by 1972. The smelter will use 
Bahrain’s ample supplies of natural gas 
and alumina from Australia. The Bahrain 
Government provided incentives to the 
$144 million smelter project, particularly 
by agreeing to remit profit taxes and cus- 
toms duties over a 20-year period. When 
completed, the project will comprise the 
smelter, a powerhouse with a capacity of 
300 megawatts, a factory for the manufac- 
ture of anodes, and a cast house. The 
ownership of Alba was reported as follows: 


Company Percent owned 
Bahrain Government 19.0 
Kaiser Aluminum & Chemical Corp... 17.0 
General Cable Cor 0 


Western Metals Cord 
British Metals Cor 
Bretton Investments. ...........---- 
Aktiebolaget Electrokopper. ......... 


— — = 
N «5 -1 00 e) 
Ona 


36 Government. 


30 Alcan 80 percent; Other interests 20 
percent. 
Alcoa 51 percent; Australian interests 
49 percent. 
81 Kaiser 50 percent; Conzinc Rio Tinto 
of Australia, Ltd. 50 percent. 


Brazil.—Brazilian aluminum capacity in- 
creased about 60 percent after the Com- 
panhia Mineira de Aluminos new 27,000- 
ton-per-year reduction plant opened at 
Pocos de Caldas. Raw material for the 
plant comes from the Pocos de Caldas 
bauxite mines; reserves have been reported 
at 50 million tons. The integrated project 
also includes a 50,000-ton-per-year alumina 
plant. 

Cameroon, Republic of.— Completion of 
a dam on the Sanaga River resulted in an 
increase in production at Compagnie Ca- 
merounaise de L’Aluminium  Péchiney- 
Ugine's (Alucam) Edea smelter. Capacity 
was raised from 50,000 to 58,000 tons per 
year, The planned installation of additional 
generators at Edea eventually will permit 
Alucam to increase production capacity to 
61,000 tons per year. 

Canada.—On July 13, the United Steel- 
workers of America went on strike at the 
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Aluminum Co. of Canada Ltd.'s (Alcan) 
Kitimat smelter. The work stoppage lasted 
for 314 months and involved a production 
loss of approximately 120,000 tons. Because 
of a decline in demand for primary alumi- 
num in the world market, Alcan reduced 
the operating rates of all its Canadian 
smelters during the year. 

The loss of production by Alcan was 
partially offset by an increase in output at 
the Baie Comeau plant of Canadian Rey- 
nolds Metals-Co. Ltd., formerly Canadian 
British Aluminum Co. .Ltd. Capacity of the 
Baie Comeau smelter was increased from 
115,000 to 175,000 tons per year. Reynolds 
Metals Co. acquired all of the common 
stock of the Canadian firm. 

Congo, Republic of (Kinshasa).—An 
agreement was reached between Kaiser 
Aluminum Co. and the Democratic Repub- 
lic of the Congo for Kaiser to build a 77,- 
000-ton-per-year smelter at Moanda. Con- 
struction was expected to start late in the 
year and production, late in 1973. Power 
was scheduled to come from the Inga hy- 
droelectric project on the Congo River. Alu- 
mina was expected to be supplied by 
Kaiser’s facilities in the Caribbean or Aus- 
tralia. 

France.—Compagnie Péchiney and Ugine 
Kuhlmann, the sole producers of primary 
aluminum in France, announced the for- 
mation of a joint committee to assess the 
legal and financial conditions necessary for 
a proposed merger. The object of such a 
merger would be to increase efficiency, 
which would be in both companies' inter- 
est, in order to cope with North American 
competition. The final decision on the re- 
grouping, which should be made in 1971 
or the beginning of 1972, will entail the 
formation of a complete primary alumi- 
num monopoly in France. Péchiney inter- 
ests are strong in aluminum and copper, 
and Ugine in stainless steel, ferrochrome, 
and, potentially, nickel. 

Germany, West.—Production increased 
17.2 percent over the previous year as a re- 
sult of new smelter operations and expan- 
sions at existing plants. However, total 
consumption of aluminum increased only 
1.9 percent in 1970, compared with a 
growth rate of 27.5 and 17.8 in 1968 and 
1969, respectively. Imports of aluminum 
increased only 2.8 percent compared with 
44.5 percent in 1969. 


Vereinigte Aluminium-Werke A.G. 
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(VAW) doubled capacity of its Rhein- 
werke smelter to 99,000 tons per year. Con- 
struction began on a third stage to raise 
annual capacity to 154,000 tons by late 
1971. 

Gebrueder Giulini G.m.b.H. of Ludwig- 
shafen, which started production in Janu- 
ary, had plans to double capacity from 
22,000 to 44,000 tons per year by 1973. 

Kaiser- Preussag Aluminium ` GmbH. 
completed the first stage of its Dúsberg 
smelter. The 71,000-ton-per-year smelter 
was scheduled to start production in 1971. 
Construction on a second stage, which 
would raise annual capacity to 141,000 tons 
is to be completed in 1973. 

Construction was nearing completion on 
Leichtmetall’s G.m.b.H. (LMG), smelter at 
Essen. The first two potlines, comprising 
the initial 93,000 tons per year, were ex- 
pected to come on stream in 1971. Con- 
struction on a third line, which would in- 
crease capacity to 139,000 tons per year, is 
due for completion in 1972. 

Greece.—According to Péchiney, Alumin- 
ium de Gréce S.A. (ADG), a subsidiary of 
Péchiney, completed expansion at its Disto- 
mon smelter. Capacity was increased from 
90,000 to 160,000 tons per year. 

India.—The new 33, 000-ton-per- year 
smelter of Indian Aluminium Co., Ltd. 
(Indal), at Belgaum, which began produc- 
tion in 1969, Was officially opened late in 
1970 and reportedly was operating at ca- 
pacity. The plant was designed to permit 
expansion to 110,000 tons per year. Indal 
converted about 45 percent of its 1970 
ingot production into sheet, extrusions, 
rod, and foil for domestic consumption. 
India's consumption of aluminum has 
grown at about 13 percent per year since 
1950.8 

The Bihar State authorities reportedly 
were considering the construction of an alu- 
mina-aluminum complex at Latehar in 
the Palaman District, based on a local re- 
serve of bauxite, containing over 50-per- 
cent AlzOg of about 10 million tons. 

Indonesia.—Showa Denko K.K., Nippon 
Light Metal Co., Ltd. (NKK), and Sumi- 
tomo Chemical Co., Ltd., reportedly car- 
ried out research on the feasibility of con- 
structing a 220,000-ton-per-year smelter on 
Bintan Island. According to Nippon Loei 
Co., the Indonesian Government intended 


8 Metal Bulletin. Another Indian Smelter? No. 
5549, Nov. 13, 1970, p. 20. 
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to construct seven hydraulic power sta- 
tions, making low-cost electrical power 
available. Kaiser was reportedly planning 
to build an aluminum smelter in the same 
area, and it was possible that the Japanese 
and American companies would form some 
type of cooperative arrangement. 

Japan.—Despite a slowing of demand 
growth from an average of 23 percent per 
year during 1965 to 1969 to an estimated 
10 percent during 1970, primary aluminum 
demand was expected to continue to ex- 
pand sharply, reaching 1.1 million tons by 
1971 and 2.2 million tons by 1975. To 
meet these demands, Japanese aluminum 
companies have announced plans to ex- 
pand production facilities. 

Nippon Light Metal reported that the 
five leading aluminum companies in Japan 
have formed a new company, Okinawa 
Aluminum Co. which was expected to 
start construction of a 55,000-ton-per-year 
smelter on Okinawa in 1972, to be com- 
pleted in 1974. In 1971 Nippon was to ex- 
pand its Tomakomai and Niigata smelters 
to 143,000 and 158,000 tons per year, re- 
spectively. Showa Denko announced that it 
planned to build two new primary smelt- 
ers at Oita and Fukupama simulta- 
neously; the ultimate combined capacities 
would be 550,000 to 660,000 tons per year. 

Several Japanese primary aluminum 
producers are studying the feasibility of es- 
tablishing aluminum smelters in Ghana 
and Indonesia. 

Mexico.—Mexico's only primary alumi- 
num smelter, Aluminio S.A. de C.V., Vera 
Cruz, completed the first phase of an ex- 
pansion program that began in 1969. The 
addition of 38 new cells, costing $4.6 mil- 
lion, brings the smelter's capacity to 44,000 
tons per year. Two more phases of the ex- 
pansion program include a new potroom, 
which was expected to increase capacity to 
37,000 tons per year in 1973 and 70,000 
tons per year in 1975. 

A record high output of about 36,000 
short tons of primary aluminum at the 
plant was made possible by increased sup- 
plies of electricity from the new Malpaso 
dam of the Federal Electricity Commission 
of the State of Chipas. 

New Zealand.—In August 1970, the first 
stage of New Zealand Aluminium Smelters 
Ltd.'s smelter at Bluff was about half fin- 
ished. The first stage, which will have a 
73,000-ton-per-year capacity, was to be 
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completed in July 1971. Work on the ex- 
pansion was scheduled to start immediately 
after that date. The additional capacity, 
which should be operative in 1972, will in- 
crease capacity to 121,000 tons per year. 
Comalco and Alex Harvey Industries were 
planning to form two companies for the 
production of aluminum extrusions, using 
primary ingot from the Bluff smelter. In 
addition Comalco was planning to estab- 
lish semifabricating facilities at Auckland 
and at Bluff. 

Norway.—According to Elkem A/S, 50- 
percent owner of Mosjgen Aluminumverk 
A/S (Mosal, capacity at the Mosjøen 
smelter was increased to 95,000 tons per 
year. This expansion was the first since the 
smelter opened. There are no further 
major expansions planned for the Mosjgen 
smelter owing to a limited power supply 
and because construction of Mosal’s new 
55,000-ton-per-year smelter at Lista was ex- 
pected to be completed in 1971. 


Norsk Hydro is reportedly planning to 
construct a primary aluminum smelter at 
Glomfjord. The eventual capacity of the 
55,000-ton-per-year smelter will be decided 
by power availability. The plant was 
scheduled to begin operations in 1975 or 
1976. 


According to the annual report of Brit- 
ish Aluminium Co. Ltd. (BACO), the 
company along with VAW, formed a joint 
company, Vigeland Metal Refinery. A/S, 
which operates a super-purity refinery at 
Vigelands. The Vigelands refinery, which 
planned to raise capacity by 893 tons per 
year, reached a record output in 1970 of 
3,071 tons. Vigeland Metal Refinery also 
planned to arrange financing for the con- 
struction of a new hydroelectric power sta- 
tion to replace the existing power station. 


Philippines.—A consortium to construct 
the first aluminum smelter in the Philip- 
pines was expected to formally incorporate 
early in 1971. Reportedly, Republic Flour 
Mills and Reynolds International would 
each hold 40-percent equity; Hooven, 7 
percent; and the Private Development 
Corp. of the Philippines, 13 percent. The 
smelter reportedly will have a capacity of 
44,000 tons per year; production would be 
targeted mainly for the domestic market. 
Domestic consumption was about 11,000 
tons per year, but expansions planned by 
major aluminum fabricators may increase 
demand to over 41,000 tons per year by 


ALUMINUM 


1975. Estimated cost of the reduction plant 
and equipment was $48 million, and ac- 
cording to the Board of Investments, the 
smelter will have “pioneer” status and 
therefore will qualify for various invest- 


ment incentives, including tax exemptions 


and tariff protection. The smelter site was 
planned for Iligan City to take advantage 
of port and water facilities and the power 
supply of National Power Corp's Maria 
Christina power plant. Raw materials, in- 
cluding alumina and coke, will be im- 
ported. 

United Arab Republic.—The Council of 
the Supreme Soviet ratified an agreement 
providing for the construction of a 110,- 
000-ton-per-year aluminum smelter at 
Aswan. Most of the production, which was 
to begin in 1973, will be exported. The 
Soviet loan was to be repaid in the form 
of aluminum. 
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United Kingdom.—The  carbon-baking 
furnaces of BACO's Invergordon, electrode 
plant were fired for the first time. The 
carbon plant will use calcined petroleum 
coke from the United States for production 
of anodes and cathodes for the 110,000- 
ton-per-year smelter, expected to be com- 
pleted in 1971. The smelter will have 
320 cells and each cell will require 18 pre- 
baked anodes, weighing 1,400 pounds 
apiece. The carbon plant has a capacity of 
94,000 tons per year—92,500 tons for the 
anode blocks and 1,500 tons for the cath- 
ode linings of the reduction cells. 

Yugoslavia.—East Germany reportedly 
granted Yugoslavia a 15-year loan for the 
construction of an aluminum smelter and 
alumina plant. The  55,000-ton-per-year 
smelter was to be located at the Adriatic 
port of Sibenik. The smelter was scheduled 
for completion in 1973 and the 331,000- 
ton-per-year alumina plant, in 1975. 


TECHNOLOGY 


Technological progress in the commer- 
cial secondary aluminum industry, was re- 
viewed in detail by the Bureau of Mines.? 
Secrecy among competing firms in the sec- 
ondary aluminum industry, prior to the 
1950's was the chief cause of technological 
inertia in the processing, smelting, and use 
of secondary aluminum. Significant techno- 
logical progress in processing and mining 
aluminum scrap was confined largely to 
the two decades between 1950 and 1970. 

In addition to improved methods of col- 
lecting and handling aluminum scrap de- 
veloped during, that period, maximum ca- 
pacity of reverberatory furnaces used for 
smelting aluminum scrap was increased 
from about 30,000 pounds, to 180,000 
pounds, which appears to be about the 
maximum economic scale. The salvaging of 
drosses and skimmings from smelting alu- 
minum became a universal practice in all 
but the smallest operations. The first mol- 
ten (hot metal) aluminum from a second- 
ary smelter was shipped in 1964. Oxygen 
melting to increase the speed of produc- 
tion of secondary aluminum was developed 
in 1965. 

Other innovations in quality control, 
equipment to, prevent air pollution, and 
nitrogen agitation to reduce metal losses 
when melting foil or trimmings and bor- 
ings were also initiated since 1950. Devel- 


opment of a pump to circulate molten 
metal appeared to be on the threshold of 
successful development in 1970. 

The Bureau of Mines also assessed the 
feasibility of using lignite in place of pe- 
troleum coke in anodes for alumina 
electrolysis.10 Anodes made from lignite 
pitch and commercial petroleum coke ex- 
hibited satisfactory performance in a small 
alumina reduction cell. However, the rate 
of carbon consumption was a few percent- 
age points higher than for anodes made 
entirely of commercial materials, and the 
resistivity and compressive strength of the 
experimental anodes were somewhat infe- 
rior. 

The current efficiency of two aluminum 
smelters, which utilize self-baking vertical 
stud soderberg electrodes, was increased 
during a 5-year period from a range of 82 
to 85 percent to a range of 87 to 90 per- 
cent, by changing the operating condition 
of the individual cells.11 The cell cóndi- 
tions, which were found to have the great- 
est effect on current efficiency were the 


? Work cited in footnote 2. 

10 Cammarota, V. A., Jr., and David Schlain. 
Anode Materials for Alumina Reduction: Evalua- 
tion of Lignite as a Carbon Source. BuMines 
Rept. of Inv. 7370, 1970, 45 pp. 

11 Kent, J. H. The Attainment of High Cur- 
rent Efficiency on Aluminum Reduction Furnaces 
by a Cold-Running Technique. J. Metals, v. 22, 
No. 11, November 1970, pp. 30-36. 
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need for a stationary metal pad, low oper- 
ating temperature, and a proper ridge 
(frozen electrolyte on the walls of the 
cathode). The report stated that no auto- 
mated system to control aluminum fur- 
naces could be envisioned in the current 
state of the art that would obviate the 
need for reduction cell operators with ex- 
perience in the described control tech- 
niques. 

According to a report, the application of 
the computer to control alumina reduction 
cells has been attempted by most alumi- 
num companies. Some have had success, 
but others have abandoned such systems.12 
The report suggests that the counterelec- 
tromotive force might serve as a means of 
early detection of anode problems. 

The convection pattern in the electrolyte 
of alumina reduction cells was studied by 
using radioactive  tracers.13 Circulation 
rates of up to 100 centimeters per second 
were observed, and about 10 centimeters 
per second appeared to be the average 
rate. The study indicated that the less tur- 
bulent the convection, the lower the rate 
of reoxidation of aluminum will be, which 
decreases the current efficiency. Carbon 
particles, floating in the bath, reportedly 
increase the resistance of the bath and are 
concentrated in certain areas by the 
convection pattern, causing uneven anode 
consumption. 

About 30 to 40 pounds of fluorine, in 
the form of gaseous compounds such as 
hydrogen fluoride or as particulate matter, 
are evolved from alumina reduction cells 
for each ton of aluminum produced. Mod- 
ern plants achieve about  95-percent 
efficiency in removing the fluorine from 
the gases evolved from the cell before they 
are expelled to the atmosphere. The chem- 
istry of the evolution and recovery of fluor- 
ide emissions from aluminum reduction 
cells was discussed in a report.14 

Particulate matter and fluoride gases are 
removed by water scrubbers, sometimes in 
combination with electrostatic precipitators 
or by centrifugal precipitators, followed by 
water scrubbers. Materials obtained in the 
electrostatic and centrifugal precipitators 
can be returned directly to the electrolytic 
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cells, but the fluorine compounds absorbed 
in water scrubbing operations are difficult 
to recycle. The report briefly describes a 
patented method of passing the cell gases 
through a fluidized bed of the alumina 
feed to the cell, whereby essentially all of 
the fluorides are recovered and recycled.15 

One way to avoid the problem of flou- 
ride emissions from alumina reduction cells 
was investigated on a laboratory scale by 
the Bureau of Mines. Aluminum was de- 
posited at 700° to 760° C from a molten 
bath of aluminum, sodium, and potassium 
chlorides.16 The small, single-compartment, 
experimental cell was operated continu- 
ously for a period of 414 months. Anode 
current efficiencies of 83 to 85 percent were 
attained. Most of the problems encoun- 
tered in the operation of the cell were as- 
sociated with construction materials and 
internal heating, which was required be- 
cause of the small size of the cell. 

Employment of electrochemical machin- 
ing of the cylinder bores and development 
of a four-step process for coating pistons 
made possible the use of aluminum engine 
blocks for a light, four-cylinder automo- 
bile, produced by the Chevrolet Division 
of General Motors Corp.17 The cylinder 
walls of the cast aluminum block, contain- 
ing 17 percent silicon, were electrochemi- 
cally machined, exposing the hard wear-re- 
sistant silicon phase of the alloy. “The 
pistons, which also are of cast aluminum 
alloy, are given thin coatings of zinc, cop- 
per, iron, and tin. 


12 Lewellyn, W. F. Determination of the 
Counter Electromotive Force of Operating Alumi- 
num Reduction Cells. J. Metals, v. 22, No. 7, 
July 1970, pp. 57-59. 

13 Grjotheim, K., C. Krohn, R. Naeumann, and 
K. Tgrklep. On Convection in Aluminum Reduc- 
tion Cells. Trans. Met., v. 1, No. 11, November 
1970, pp. 3133-3141. 

M Cochran, C. N., W. C. Sleppy, and W. B. 
Frank. Fumes in Aluminum Smelting: Chemistry 
of Evolution and Recovery. J. Metals, v. 22, No. 
9, September 1970, pp. 54-57. 

15 Knapp, Lester L., and C. C. Cook (assigned 
to Aluminum Co. of America). Treatment of 
Gases Evolved in Producing Aluminum. U.S. 
Pat. 3,503,184, Mar. 31, 1970. 

16 Kirby, D. E., E. L. Singleton, and T. A. Sul- 
livan. Electrowinning Aluminum From Aluminum 


Chloride. BuMines Rept. of Inv. 7353, March 
1970, 24 pp. 
17 Patton, W. G. How Aluminum Engines Are 


Made. Iron Age, v. 205, No. 22, May 28, 1970, 
pp. 104-105. 


Antimony 


By Charlie Wyche * 


Domestic production of primary anti- 
mony increased significantly in 1970. This 
resulted from record high prices and large 
imports of antimony-containing lead ores 
and concentrates. Although prices dropped 
later in the year, at yearend they were still 
more than double those at the beginning 
of 1969. The high price level induced re- 
opening of domestic mines, and upgrading 
the deposits for salable ore. In addition, 
companies in Idaho, Montana, Alaska, and 
Nevada made plans for production at pre- 
viously uneconomical antimony deposits. 
Output from these deposits, added to that 
of the Sunshine Mining Co., increased do- 
mestic mine production to the highest 
level since the Korean war. 

Hugh antimony prices and the decrease 
in antimony content of storage batteries 
resulted in a decline in the consumption 
of primary antimony in 1970 compared 
with 1969. The decrease from 11 percent 
to 4 percent antimony content for the an- 
timonial lead battery alloy also resulted in 
a decrease in the output of byproduct an- 
timony. 


Legislation and Government Programs. 
—Effective January 1, 1970, the “General 
Modification of ‘Tariff Schedules of the 
U.S.,” Federal Register Document 67-14749, 
filed on December 18, 1967, reduced the 
import duty on antimony metal, TSUS No. 
632.02, from 1.5 cents to 1.4 cents per 
pound, and on liquated antimony, TSUS 
No. 603.10, from 0.20 cents per pound 
to 0.1 cent per pound. Further tarift reduc- 
tions are scheduled for the metal each year 
through 1972. 

The quantity of stockpiled antimony 
available for disposal was exhausted in 
1969. However, revision of the stockpile 
objective by the Office of Emergency Pre- 
paredness in April from 30,500 short tons 
to 40,700 short tons resulted in an excess 
of about 6,000 short tons of antimony. The 
General Services Administration proposed 
legislative disposal authorization for the 
antimony metal in excess of the objective, 
but by yearend no action had been taken 
by the Congress, and therefore no stockpile 
disposals occurred. 


DOMESTIC PRODUCTION 


MINE PRODUCTION 


Domestic mine production increased 17 
percent over that of 1969 and reached the 
highest level since 1952. Production was 
again confined almost entirely to the Sun- 
shine Mining Co., Coeur d’Alene district, 
Idaho, where impure antimony metal was 
recovered as a byproduct of processing sil- 
ver-lead-copper ore. Silver ores from the 
Sunshine mine, ores from associated com- 
panies, and custom ores from other mills 
were the source for the metal. Sunshine’s 
total production increased approximately 5 
percent above the 901 tons produced in 
1969. The firms new plant, scheduled to 
start operating in January, was delayed in 
opening until April owing to the failure of 


some equipment to arrive on schedule. 
Output from the new plant was expected 
to double production. 

Antimony concentrates containing about 
63 tons of antimony were produced at the 
Stampede mine in Alaska. The Stibnite 
mine, Sanders County, Mont., although 
idle in 1969, started production of anti- 
mony metal in 1970. Ranchers Exploration 
in Idaho, and Agau Mines in Montana 
made plans for regular production from 
previously uneconomical antimony deposits. 
Approximately 46 tons of antimony con- 
tained in concentrates and ore was shipped 
from mines in Nevada to the Laredo, Tex., 
smelter. 


1 Physical scientist, Division of Nonferrous Met- 
als. 
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Table 1.—Salient antimony statistics 
(Short tons) 


1966 1967 1968 1969 1970 
United States: 
Production: 
Primary: 
Il dee oss 927 892 856 938 1,130 
Smelter! eeh scans sae 14,589 12,466 12,489 13,203 13,381 
Secondarꝶᷣꝶ F 24, 258 23,664 23,699 23,840 21,424 
Exports of ore, metal and alloys. ss 29 82 109 207 543 
Imports, general (antimony content).......... 19,712 17,419 17,343 17,032 18,654 
Consumption ni 19,681 17,350 18,520 17,843 13,937 
Price: New York, average cents per pound 45.75 45.75 45.75 57.57 144.19 
World: Production 67,627 63,565 67,628 73,044 73,152 


1 Includes primary antimony content of antimonial lead produced at primary lead refineries. 


SMELTER PRODUCTION 


Primary.—The total smelter output of 
antimony products from primary material 
in 1970 amounted to 13,381 short tons. 
This figure is slightly above the 13,203 
tons produced in 1969. Smelter production 
was obtained from the following primary 
sources: 13 percent from domestic mine 
production of antimony concentrate and as 
a byproduct at domestic lead smelters, and 
87 percent from foreign antimony ores and 
base metal ores. Antimony recovered as a 
lead-smelter byproduct represented 8 per- 
cent of the total primary antimony pro- 
duction. Approximately 94 percent of the 
byproduct antimony produced at primary 
lead smelters was consumed at the smelter 
in the manufacture of antimonial lead; the 
remainder was processed to oxide. The 
types of material produced by the smelters 
follow: Metal, 28 percent; oxide, 62 per- 
cent; antimonial lead, 7 percent; ground 
residue and sulfide for reprocessing, 3 per- 
cent. Antimony metal was produced by NL 
Industries, Inc., (formerly National Lead 
Co.) and Sunshine Mining Co. Oxide was 


produced at lead refineries operated by 
American Smelting and Refining Co, the 
Bunker Hill Company, St. Joseph Minerals 
Corporation (formerly St. Joseph Lead 
Co.) and United States Smelting Lead Re- 
finery, Inc. 

Secondary.—The antimony recovered 
from secondary sources decreased from 
23,840 tons in 1969 to 21,424 tons in 1970. 
Secondary smelters recovered 20,480 tons, 
primary smelters recovered 203 tons, and 
manufacturers and foundries recovered the 
remaining 741 tons. Antimony from old 
scrap represented 87 percent of the total 
secondary output and consisted of the fol- 
lowing: Batteries, 68 percent; type metal, 
20 percent; babbitt, 6 percent; and all 
other material, 6 percent. New scrap in 
the form of residues and drosses resulting 


Table 2.—Antimony mine production and 
shipments in the United States 


(Short tons) 

Antimony Antimony 
Year concentrate —naTPPH 

(quantity) Produced Shipped 


produced by American Smelting and Refin- 19666 5,582 927 930 
ing Co., Harshaw Chemical Co., McGean Eer ----------- 528 e v" 
Chemical, M & T Chemicals Inc, and NL aen 5, 707 938 943 
Industries. Byproduct antimonial lead was  1970----------- 6,681 Pate: dass 
Table 3.—Primary antimony produced in the United States 
(Short tons, antimony content) 
Class oí material produced 
Year Byproduct Total 
Metal Oxide Sulfide Residues antimonial 
lead 
J966:. z; AA 4,567 7,794 126 219 1,833 14,539 
/ W 4,002 6,612 71 249 1,532 12,466 
/ · w ͤ 8 3,617 6, 518 133 417 1,804 12,489 
1909.2: A 3,129 7,746 95 330 1,903 13,203 
¡E A 3,732 8,261 23 384 981 13,381 


ANTIMONY 


from manufacturing and casting totaled 
2,809 tons, or 13 percent of the total sec- 
ondary smelter output. The antimony con- 
tent of scrap is usually recovered and con- 
sumed as antimonial lead with removal or 
addition of antimony as required in the 
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refining stage to meet specifications for 
various antimonial lead alloys. Approxi- 
mately 2,465 tons of primary antimony was 
used in 1970 to supplement the secondary 
antimony supply at secondary smelters and 
foundries. 


Table 4.—Secondary antimony produced in the United States, by kind of scrap and form 
of recovery 
(Short tons, antimony content) 


Kind of scrap 1969 1970 Form of recovery 1969 1970 
New scrap: In antimonial lead 111. 17,948 16, 002 
Lead-basge 2,860 2,761 In other lead alloys. `. 5,879 5,412 
Tin-base...............- 62 48 In tin-base alloy 13 10 
Total. veces 2,922 2,809 VCC 23, 840 21,424 
Value (millions) $27.4 $61.8 
Old scrap: 
Lead-base............... 20, 898 18, 596 
Tin- base 25 19 
Totaal... 20, 918 18,615 
Grand total! 23, 840 21, 424 


1 Includes 179 tons of antimony recovered in antimonial lead from secondary sources at primary plants in 


1969 and 203 tons in 1970. 


Table 5.—Byproduct antimonial lead produced at primary lead refineries in the 
United States 


(Short tons) 
Antimony content 
Year Gross weight From om Total 
domestic foreign From 
ores ! ores 2 scrap Quantity Percent 
19600 8 24,059 1,417 416 286 2,119 8.8 
19G6 AAA AI 18,608 983 549 185 1,717 9.2 
./ ts 28,363 1,300 504 208 2,007 7.1 
1969 2: 1. ze 24,741 1,174 729 179 2,082 8.4 
Ma a 20,438 598 383 203 1,184 5.8 
1 Includes primary residues and a small quantity of antimony ore. 


2 Includes foreign base bullion and small quantities of foreign antimony ore. 


CONSUMPTION AND USES 


Industrial antimony requirements for 
various end product uses were supplied 
from both secondary and primary sources. 
Total consumption was 35,361 tons, down 
considerably from the 41,683 tons con- 
sumed in 1969. Primary antimony contrib- 
uted 13,937 tons to the total consumption, 
and secondary antimony 21,424 tons. Pract- 
ically all secondary antimony was con- 
sumed in the manufacture of antimonial 
lead and other hard-lead alloys. Informa- 
tion on secondary antimony consumption 
is not reported by the Bureau of Mines. 

Consumption of primary antimony de- 
creased about 21 percent in comparison 
with 1969. “Total demand for antimony 


metal and compounds declined 25 percent 
and 19 percent, respectively, in both metal 
and nonmetal products. In all categories 
the requirements for antimony metal and 
compounds declined. Antimony metal re- 
quirements, principally as an ingredient in 
lead alloys, experienced the most drastic 
decline (22 percent) since 1958. This sharp 
decline was attributed largely to a reduc- 
tion in the antimony content of battery al- 
loys, which resulted from the high anti- 
mony prices during 1970. Metallurgical 
usages of primary antimony metal in bear- 
ing, type, and cable covering were also 
down sharply. 
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Table 6.— Industrial consumption of primary antimony in the United States 


(Short tons, antimony content) 


Class of material consumed 


Y ear 
Ore and Metal Oxide 
concentrate 

1966..-..... 450 6,269 10,829 
1967......- 312 5,666 9,514 
19688 299 6,561 9,363 
1969. 507 6,275 8, 756 
1970. 380 4,989 7,157 


Byproduct Total 
Sulfide Residues antimonial 
lead 
81 219 1,833 19,681 
77 249 1,532 17,350 
75 418 1,804 18,520 
72 330 1,908 17,843 
46 384 981 13,987 


Table 7.—Industrial consumption of primary antimony in the United States, 
by class of material produced 


(Short tons, antimony content) 


Product 1966 1967 1968 1969 1970 
METAL PRODUCTS 
ERR AT WEE 154 209 156 115 102 
Antimonial lead__.....--------------.---------- 6,285 5,539 6,817 6,723 5,246 
Bearing metal and bearing 731 653 755 758 481 
Cable covering 164 141 178 55 88 
NN MN 62 54 46 33 16 
Collapsible tubes and foil „ 44 31 50 56 35 
Sheet and pid; 107 118 105 105 77 
8% ³ÜW¹wAA y 155 184 255 242 286 
Ü AAA bli EE 515 382 423 541 220 
Other e ed 219 223 258 137 73 


NONMETAL PRODUCTS 


Ammunition primer 
Firework- oscars secs o ous pG ess 
Flameproofing chemicals and compounds 
Ceramics and glass 


G "RENS DE 


27 30 33 37 27 

50 43 37 30 17 
3,188 3,454 2,774 2,096 1,710 
2,074 1,884 2,037 2,108 1,820 
832 665 859 7 610 
2,224 1,785 2,318 2,558 1,667 
870 948 440 433 519 
1,980 1,007 979 1,094 993 


11,245 9,816 9,477 
19,681 17,350 18,520 


9,078 7.363 
17,843 13,937 


In nonmetal products, antimony con- 
sumption dropped about 400 tons in flame- 
proofing chemicals alone. Large declines in 
antimony usage also occurred in the ce- 
ramics and glass and pigment industries. 
Antimony used in nonmetal products, basi- 
cally as antimony oxide, represented 51 
percent of the primary antimony con- 
sumed. The predominant uses were as fire- 
retardant compounds for textiles and plas- 
tics, and opacifying agents for ceramics 
and glass. In 1970 approximately 5,200 tons 
were used, or 23 percent less than the 
quantity used in 1969. A total of 993 tons 


of antimony was consumed in "other" non- 
metal products. Of this total, nearly 40 
percent was used as sodium antimonate as 
an opacifier in enamel frit. Additionally, an- 
timony chloride was used in a wide range 
of applications and comprised 24 percent 
of the total used in “other” nonmetal 
products. 

The data indicate consumer resistance to 
the high price level of 1970. Because of 
these high prices, users were forced to seek 
substitutes or supplements for antimony in 
flame retardants and antimonial lead al- 
loys. 
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STOCKS 


Industrial stocks of primary antimony 
increased in each of the last three quarters 
of 1970 to a total of 8,847 tons at yearend, 
the largest stocks reported since 1955. This 
increase represented a gain of 2,508 tons 
above the 1969 level. Ore and concentrate 


stocks of 2,973 tons were well above the 
1969 total. Stocks of residues and slags 
more than tripled during the year. All 
other stocks except antimony sulfide were 
above the 1969 level. 


Table 8.—Industry stocks of primary antimony in the United States, December 31 


(Short tons, antimony content) 


1966 


Residues and slags______ `. `... l... .. 2.2 L2. l- 
Antimonial lead 


1967 1968 1969 1970 
-- 2,720 2,469 2,791 2,227 2,973 
-- 1,572 1,719 1,323 1,273 1,598 
-- 3,093 2,704 1,921 2,053 2,932 
a 131 80 127 108 39 
de 519 916 199 307 948 
De 531 462 265 371 357 


8,566 8,350 6,626 6,339 8,847 


1 Inventories from primary sources at primary lead refineries only. 


PRICES 


Prices of antimony ore, metal, and com- 
pounds in early 1970 reached an alltime 
high, a result of short supply and high 
worldwide demand for antimony. The up- 
ward trend, however, was reversed in April 
and prices dropped sharply with the an- 
nounced expansion in ore supply and the 
expectation of sales from Government 
stockpiles. Antimony ore was priced at $40 
per short-ton unit for 60 percent lump ore 
in the European market in early April but 
dropped to around $17 at yearend. No 
quotation was listed for domestic ores in 
1970. Antimony metal on the domestic 
market was priced at $1.76 per pound in 
March 1970 and stayed at that price 
through early August, hut by yearend the 


FOREIGN 


Antimony exports in 1970 totaled 978 
tons, of which 435 tons was oxide, and 543 
tons was in the form of metal alloys, 
scrap, and waste. The total value of 
$1,135,253 was approximately four times 
the 1969 value. The oxide exported was 
more than twice the 1969 total, and alone 
had a value of $500,846. Of the 21 coun- 
tries that imported antimony, antimony al- 
loys, waste, and scrap, the Netherlands, 
Republic of Korea, and Japan, in descend- 
ing order of importance, received over 55 


price had dropped to 96 cents per pound. 
The free market antimony metal price was 
$4 per pound in early 1970 but was 90 
cents per pound at the end of 1970. Anti- 
mony oxide was $1.70 per pound in mid- 
year but had receded to $1 per pound at 
yearend. 


Table 9.—Antimony price ranges in 1970 


Price, per 

Type of antimony pound 
Domestic metal"... $0.96-1.76 
Foreign meta??? .80-4.00 
Antimony trioxide ... 975-1. 70 


1 RMM brand, f. o. b., Laredo, Tex. 
2 Duty- paid delivery, New York. 
3 Quoted in Metals Week. 


TRADE 


percent of the total. Belgium- Luxembourg. 
France, and Austria received over 60 per- 
cent of the total oxide exported. 

Imports of various antimony materials 
totaled 18,654 tons compared with 17,032 
tons in 1969. Imports of ore and concen- 
trates increased 42 percent, and metal im- 
ports were about 25 percent above the 
1969 level. Oxide imports, however, de- 
clined approximately 10 percent. The Re- 
public of South Africa was the largest ore 
and concentrate supplier with about 45 
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percent of the total. Mexico, Bolivia, and 
Guatemala contributed 26 percent, 15 per- 
cent, and 9 percent, respectively. Mexico 
and the United Kingdom supplied 52 per- 
cent of the total metal. Yugoslavia, Japan, 
Belgium-Luxembourg, and Argentina were 
the other significant sources in 1970. The 
United Kingdom supplied 67 percent of 


the oxide, and France and Belgium sup- 
plied practically all the remainder. 

Imports of 210 tons of alloy containing 
83 percent or less antimony represented a 
decline of about 49 percent compared with 
1969. This alloy was obtained from the 
United Kingdom, Turkey, and Japan and 
had a total value of $460,497. 


Table 10.—U.S. imports for consumption of antimony, by countries 


1969 1970 
Year and country Short tons Short tons Value Short tons Short tons Value 
(gross (antimony (thou- (gross (antimony (thou- 
weight) content), sands) weight) content) sands) 
Antimony ore: 
OAMI ee et 4,431 2,802 $1,618 3,565 2,162 $4,415 
el ee asco epa A 21 
Chile; u zu coi 65 52 17 96 42 70 
Colombia. costs cian ad. (aaa — deeem. Aaaa 13 5 7 
nee, A A A 30 14 21 
Guatemala. ....................- 95 41 18 2,502 1,244 254 
Honduras 203 81 36 981 367 151 
, A man aS 8,541 2,265 383 16,799 3,666 1,840 
Morocc ooo 21 8 4 112 124 
HC /‚ͥͥÜ—· r ⅛˙⁴ĩũini5¼ꝛ unas ee 366 217 126 14 "EB! 
South Africa, Republic o 10,436 6,626 9,046 10,242 6,239 5,789 
Thailand AA WX epe kN Beaded. 8 8 14 38 
United Kingdom................. ..-..- .d 5 4 6 
Pots! isis 24,158 12,098 5,248 34,415 13,820 12,733 
Antimony metal including needle or li- 
quated: ! 
Argentina.. ..-------------------- 28 Bites 34 (E ."uuecse 75 
Belgium-Luxembourg. ............ 218 . 287 88 — 408 
Bolivi8. L . Re SS 95 | ...... 27 24. — 22a- 21 
Canada... . | pues 28 . 31 
„!. ²³ A ̃ òUq 8 10 48 
Frant A AA ———„ 45 — 2222- 248 
Germany, Wee . 8 55 17 
MGV ee ` / Po. Betas 58 181 
)ĩ ] ⁵⁵ ³³ Pas. a: MA 95 | .....- 191 
Ir. ⁰⁰ 8 111 97 87 —•—46ẽ 565 
Netherlands zz ũꝗ „„ 94 | ...... 67 
d EE 14. EEN Il. dsl. eS, Cee 
A c loa . . J8- uz 65 
Switzerland.....................-- 55853 J)) 
Thailand te 439 30 39. ll 93 
II ͥ ͥ ⁰»b :: teases. kde sui 33 213 
United Kingdom. ................ 26 9G999e 232 317 942 
Vugoslavin .....--------------- 198 | ...... 166 100. ilo 387 
T'Otül.c accu a 1,042 (3) 939 1,308 (3) 3,547 
Antimony oxide: 
Belgium-Luxembourg. ............ 898 786 258 — ...... 1,081 
Canada. sc oe eene E 5 p MES tas 
France... rz ed 84e 755 984 2, 669 
Germany, West 20. ux 15 622 217 
Pl; os woes 122. x 87 77 ....-- 304 
ee aaa l. andes JJ | até. eee 
Netherlands 48 8J%;ͤé—⁶—õö q • eee Sees 
Seitzerland eee eee ee eee (7 (2) 
United Kingdom 2,418 «Dimas 2,164 2,811. . aco 5,802 
TOCA scada a Z 4,715 (3) 3,852 4,256 (3) 10,023 


1 Includes needle or liquated (value in thousands), as follows: 1969 —Belgium-Luxembourg 39 tons ($33), 
United Kingdom 28 tons (318); 1970—Belgium-Luxembourg 3 tons ($8), United Kingdom 15 tons ($46). Does 
not include alloy containing 83 percent or more of antimony. 


2 Less than 1⁄4 unit. 
3 Content not reported. 
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Table 11.—U.S. imports for consumption of antimony 


Antimony ore 


Needle or liquated Antimony metal! Antimony oxide 


Antimony content 


Year Short Short Short Short 
tons Value tons Value tons Value tons Value 
(gross Short (thou- (gross (thou- (gross (thou- (gross (thou- 
weight) tons sands) weight) sands) weight) sands) weight) sands) 
1968.. 21,677 10,614 $4,145 60 $42 2,693 $2,037 4,801 $3,540 
1969.. 24,158 12,098 5,248 62 51 980 888 4,715 3,852 
1970.. 34,415 13,820 12,733 18 54 1,290 3,493 4,256 10,023 


1 Does not include alloy containing 83 percent or more of antimony, as follows: 1968—Mexico 193 short tons 
($157,102), Peru 351 short tons ($230,845), United Kingdom 87 short tons ($55,894), France 24 short tons 
($14,528), Japan 59 short tons ($35,345); 1969—Mexico 200 short tons ($185,533), Peru 95 short tons 
($72,706), United Kingdom 100 short tons ($83,928), Turkey 16 short tons ($19,548); 1970—United King- 
dom 179 short tons ($378,740), Turkey 18 short tons ($50,411), Japan 13 short tons ($31,346). 


WORLD REVIEW 


The world supply-demand condition for 
antimony was greatly unbalanced at the 
beginning of 1970, as worldwide demand 
continued to rise at the spectacular pace of 
1969. Demand exceeded supply in all 
major consuming countries. This uneven- 
ness was caused primarily when mainland 
China, the Far East's major supplier of an- 
timonial products, withdrew from the mar- 
ket, and some of the eastern European 
countries turned to the West for antimony. 
This unexpected demand, coupled with 
the already over-extended Western sup- 
pliers’ operations, created an unprecedented 
shortage of antimony. The shortage 
touched off heavy buying, which aggra- 
vated the situation and resulted in rapid 
increases in antimony prices. 

High ore prices stimulated interest in 
low-grade antimony deposits throughout 
the world. The Australian Antimony 
Corp., started extracting ore from its mine 
at Wild Cattle Creek, near Dorrigo, New 
South Wales, at a rate of 4,000 to 5,000 
tons per year. The Dorrigo mine was ex- 
pected to have a life of about 8 years, on 
the basis of reserves of 530,000 tons. An 
antimony expansion program was being 
planned by Great Northern Corp. and 


Nuttall Holdings. Plant facilities were to 
be enlarged to enable it to process some 
250,000 tons of ore per year. 

As the year progressed consumer resist- 
ance developed with the result that lower, 
more normal prices prevaided. Consumers 
curtailed purchasing and reduced invento- 
ries in expectation of lower prices. Some 
substitution of alternate materials for anti- 
mony inevitably took place as a result of 
the unusually high prices. Because of these 
factors and the reduced demand for anti- 
monial lead, output from the Republic of 
South Africa and Bolivia, the main sources 
of premium ores, declined slightly. Consoli- 
dated Murchison Goldfields and Develop- 
ment Co. Ltd., South Africa, produced 
31,000 tons of concentrates and cobbed ore, 
compared with 32,600 tons in 1969. Pro- 
duction in Bolivia decreased from 14,484 
tons of antimony metal in 1969 to 12,724 
tons in 1970. Mexican production, princi- 
pally ore for smelting at Laredo, Tex., to- 
taled 4,925 tons, an increase of 1,368 tons 
from 1969 production. Spain, Italy, Mor- 
occo, Thailand, and Australia also 
increased Output, but production was 
down in Yugoslavia, Burma, Canada, and 
Austria. 
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Table 12.—Antimony (content of ore except as indicated): World production by countries 
(Short tons) 


Country 


North America: 


Canada)! EE 


ISE A 


Peru 5 E ENE, Serene ENERO: 


Europe: 
Austria (recoverabledmdgʒnd 
Czechoslovakia ej 


Africa: 


South Africa, Republic o 


Asia: 


A A — A A AAA AA em emp wm wm Pm 


Korea, SOUth caza 


Thailand. ......... ROCA NORMA MEG 


Turkey! 


e Estimate. » Preliminary. r Revised. 
! Content of smelter products. 


? Content of antimonial lead. 


1968 1969 1970 p 
—á 580 410 308 
scs 10 110 e 100 
SONNEN 286 125 e 100 
ciens 3,819 3,557 4,925 
Z S os n 856 938 1,130 
dos 12,276 14,484 12,724 
anal 900 944 660 
E 775 687 672 
um 660 660 660 
— 865 1,272 1,381 
8 55 50 e 50 
e 146 135 142 
ai 7,200 7,800 7,400 
lee r 2,929 2,218 e 2,200 
esac 60 66 e 60 
EATA 1,336 1,551 2,175 
N 18,514 20,080 18,841 
. r 61 63 0 
—— r 13,000 13,000 13,000 
eS 21 6 
er 34 e 30 e 30 
auc 93 NA NA 
m 25 43 e 40 
—— 223 827 2,598 
33 r 1,973 3,495 3,053 
Betas 931 933 833 
8 r 67,628 73,044 73,152 


NA Not available. 


3 Figures reported in previous issues were estimated metal output, including metal derived from imported 


Turkish ores. 
4 Content of ore and concentrates. 
5 Includes antimony in lead concentrates. 
6 Totals are of listed figures only. 


TECHNOLOGY 


The Material Science Division at the 
Sandia Laboratories, Livermore, Calif., 
published results of recent research con- 
cerned with methods of increasing the 
hardness and strength of electroformed 
lead alloys? The study revealed that 
sound, thick, lead-antimony alloys can be 
obtained from fluoborate solutions, and 
that these alloys are harder and have 
higher tensile strengths than pure lead. 
During the study it was found that as the 
antimony concentration of the electrolyte 
increased, the antimony content of the de- 
posited alloy also increased. The work also 
showed that for a specific electrolyte com- 
position, an increase in current density or 
a decrease in temperature lowered the an- 
timony concentration of the alloy deposit. 

An investigation was conducted of the 
yttrium-antimony system covering the com- 
plete composition range.3 An yttrium-anti- 
mony phase diagram was postulated which 


consisted of an inverse peritectic reaction, 
two eutectic reactions, and four intermetal- 
lic compounds. The result of research on 
the solidification of undercooled Pb-Sb sys- 
tem was reported. 

A U.S. patent was issued in 1970 relative 
to a process for smelting oxide ores of an- 
timony in a shaft furnace. The ore-coké 
ratio is substantially increased, and the 
rate at which the charge is consumed is 
accelerated by supplying tuyere burners 
with streams of fuel comprising hydrocar- 
bon fluid surrounded by  high-velocity 
streams of commercially pure oxygen. 


3 Dini, J. W., and J. R. Helms. Electrodepos- 
ition of Lead-Antimony Alloys. J. Electrochem. 
Soc., v. 117, February 1970, PP: 5 

Schmidt, F. A., and D. McMasters. Ytt- 
rium Antimony Alloy Se Less-Common 
Metals, v. 21, No. 4, August 1970, pp. 415-425. 

+ Powell, G. L. F., and G. A. Colligan. Met. 
Trans., v. 1, No. 2, February 1970, pp. 269-272. 

5 Gray, B. G. (assigned to Air Reduction Co.) 
U.S. 3.547 ,624, Dec. 15, 1970. 


Asbestos 


By Robert A. Clifton * 


The production (shipments) of asbestos 
in the United States decreased less than 1 
percent from the record high of 1969. The 
continuation of the tight money market 
and high interest rates further depressed 
the home building industry and lessened 
the demand for asbestos. In 1970 imports 
were 93 percent of the 1969 level. 

The free world's largest producer, Can- 
ada, shipped 7 percent less in quantity to 
its largest market, the United States, but 
total shipments for the year were over 5 
percent more than in 1969. 


Legislation and Government Programs. 
—The Clean Air Act of 1970 required 
Health, Education and Welfare to publish 
lists of hazardous air pollutants. Asbestos 
was among the three substances named on 
the first list. In 1970 the General Services 
Administration (GSA) reduced the govern- 
ment inventories by disposing of 1,326 
short tons of amosite, 2,802 tons of crocid- 
olite, and 654 tons of chrysotile. 


1 Chemist, Division of Nonmetallic Minerals. 


Table 1.—Salient asbestos statistics 


1968 


1966 1967 1969 1970 
United States: 
Production (sale) short tons.. 125,928 123,189 120,690 125,936 125,314 
Value. ons conem ex thousands.. $11,056 $11,102 $10,406 $10,648 $10,696 
Exports and reexports (unmanufactured) 
short tons 46,996 47,718 41,236 36,173 46,585 
Nause aaa thousands $5,763 $6,025 $4,679 $4,979 $6,996 
Exports and reexports of asbestos products 
nne da thousands.. $21,963 $23,767 $24,527 $28,183 $25,391 
Imports for consumption (unmanufactured) 
short tons.. 726,459 645,112 737,909 694,558 649 , 402 
Value thousands.. $73,100 $65,743 $72,930 45 422 $75,146 
Consumption, apparent 1. short tons. 805, 391 720, 583 817,363 784,321 728,131 
World: Product ioůon do.... 3,275,262 3,207, 259 3 „915,903 3,640,017 3,826,238 


1 Measured by quantity produced, plus imports, minus exports, 


Table 2.—Stockpile objective and Government inventories as of December 31, 1970 


(Short tons) 
Inventories 
Mineral Stockpile | Defense 
objective National Supplemental . Total 
et 
Amosite 40,000 11,705 50,657 ps 62,362 
Chrysot ile 13, 700 6,174 7,378 502 14,054 
Subspecification........ ss 115 2,494 502 3,111 
Crocidoltte ------------ 8 1. 565 41,232 Mem 42,797 
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DOMESTIC PRODUCTION 


United States mines produced nearly as 
much asbestos in 1970 as in 1969. The 
value increased slightly. Only four states 
produced asbestos. California, with 63 per- 
cent, was the leader followed in order by 
Vermont, Arizona, and North Carolina. 

California production increased 4 per- 
cent in 1970 to 78,966 short tons, and the 


value increased by $375,740. Quantity and 
value of the Vermont production decreased 
by 9 percent. Arizona production increased 
slightly, and that in North Carolina in- 
creased by 6 percent. The largely short 
fiber domestic production met 17 percent of 
the U.S. requirements. U.S. asbestos produc- 
ers and mine sites are as follows: 


State and company County Name of mine Type of asbestos 

Arizona: 

Asbestos Manufacturing Co ER, tee Phillips Chrysotile. 

Jaquays Mining Cor AA Chrysotile. ..........- Do. 

Metate Asbestos Cord 697 us Lucky Seven Do. 
California: 

Atlas Asbestos Cord Fresno..........-...- Santa Cruz Do, 

Coalinga Asbestos Co............. ...- e Coalinga............- Do. 

Pacific Asbestos Cord Calaveras Pacific Asbestos. ...... Do. 

Union Carbide Corp. ............. San Benito........... Joe No. 5 Do. 
North Carolina: 

Powhatan Mining Co. ............ Lancer Burns ville Ant hophyllite. 

/ V EE Jackson Boot Hill............. Do. 

Vermont: 

GAP 32 Ä *» · w» ² aaa Orleans. ............- Lowell Chrysotile 

CONSUMPTION AND USES 
There are literally thousands of direct gaskets, clutch facings, plastics, roofing 


and indirect uses for asbestos, but the 
major portion goes to only a few applica- 
tions. Chief among these are asbestos ce- 
ment building materials and asbestos ce- 
ment pipe, which uses an estimated 70 
percent of the world’s production.2 The 
next largest using domestic industry was 
floor tile where 1970 consumption was an 
estimated 10 percent of the total U.S. pro- 
duction. Other products using significant 
amounts of asbestos were brake linings, 


compounds, electrical and heat insulations, 
and textiles. 

The continued slow down in the build- 
ing and construction industries resulted in 
an apparent consumption in 1970 that was 
only 93 percent of that in 1969. Most of 
the asbestos chrysotile, 
which accounted for more than 96 percent 
of the domestic consumption. Amosite, cro- 
cidolite, and anthophyllite accounted for 
the remainder. 


consumed was 


PRICES š 


Quoted prices for Quebec and Vermont 
asbestos were increased approximately 3 
percent effective January 1, 1970. The in- 
creases were not abnormal in an inflation- 
ary economy, but the price of British Col- 


umbia and Arizona asbestos remained 


unchanged. 


2 Industrial Minerals (London). No. 28, Janu- 
ary 1970, p. 12. 
3 Asbestos. V. 51, No. 8, February 1970, p. 54. 


ASBESTOS 


ASBESTOS, thousand short tons 


no 
O O O 
O O O 


O 


O961 


Y 


3 NS... £5. S 


NS. . ..,.£.£5£ ~ 0 


Figure 1.—Domestic consumption of asbestos. 
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ASBESTOS 


Prices for Arizona chrysotile asbestos 
have remained unchanged since August 1, 
1968. Quotations, f.o.b. Globe, were as fol- 
lows: 


Grade Description Per short 
ton 

Group No. 1. Crude $1,410-1,650 
Group No. 2. ....do.............. 700- 950 
AAA. A AA 800 
Group No. 3_ Nonferrous filtering 

and spinning 425- 700 
Group No. 4. Nonferrous plastic 

and filtering 400- 500 
Group No. 5. Plastic and filtering... 385- 425 
Group No. 6. Refuse or shorts 250 


Group No. 7. ....do.............. 65- 90 


As of January 1, 1971, Vermont chryso- 
tile asbestos, f.o.b. Morrisville, was priced 
as follows: 


Per short 
ton 


Grade Description 


Group No. 3. Spinning and filter- 
Ing oe 8 $366. 50-393 . 50 
Group No. 4. Shingle fiber 201.00-341.00 
Group No. 5. Paper fiber 145.00-170.00 
Group No. 6. Waste, stucco or 
plaster fiber 


105.00 
Group No. 7. Shorts and floats... 48.00- 87.50 


Quotations for Canadian (Quebec) 
chrysotile, f.o.b. mine, were as follows, as of 


January 1, 1970: 


Grade Description Per short 

ton 
Group No. 1. Crude Can$1,525 
Group No. 2. ....do................ 825 
Group No. 3. Spinning fiber 397-650 
Group No. A Shingle fiber 218-369 
Group No. 5. Paper fiber 157-184 


Group No. 6. Waste, stucco or plaster. . 114 
Group No. 7. Refuse or shorts 


FOREIGN 


Exports of asbestos products manufac- 
tured in the United States declined by 10 
percent from the values of those exported 
in 1969. Five of the nearly one hundred 
countries buying these products accounted 
for more than half of the foreign sales. 
They were Canada (33 percent), West 
Germany (8 percent), United Kingdom (5 
percent), Venezuela (4 percent), and Aus- 
tralia (3 percent). 


In 1970 the United States imported 83 
percent of its asbestos needs. This was a 
statistical improvement in U.S. self-suffi- 
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Prices for British Columbia, Canada, 
chrysotile asbestos have remained un- 
changed since January 1, 1969. Quotations, 
f.o.b. Vancouver, were as follows: 


Grade Description Per short 
ton 

AAA... Nonferrous spinning fiber. Can$845 
ARN. onec. nues 0 8 673 
Wo buo etre GO EE 508 
AC llo cues Asbestos cement fiber 363 
AK Shingle fiber 249 
FFF FFA 234 
AS eccL da do. s cl c bius ce 217 
CT tesina is DOS eens 211 
AN cuv th sS %% 8 193 
C Y A A "o EE 136 
A 5 EE IS 136 


Private negotiated sales are the African 
asbestos producers modus operandi. Be- 
cause this rules out market quotations, the 
following are averages, regardless of grade, 
of the values of South African imports cal- 
culated from U.S. Department of Com- 
merce data: 


Per short ton 


Type 
1968 1969 1970 
Amosaite $149 $153 $160 
Crocidolite....... 193 189 196 
Chrysotile. ...... 194 192 198 


Figure 2 drawn from calculations on 
pertinent data,* shows clearly that the in- 
creased demand and greater price increases 
have gone to the asbestos used in cement 


products (groups 5-7). 


% Industrial Minerals (London). No. 28, Janu- 
ary 1970, pp. 9-29. 


TRADE 


ciency over the 84 percent of 1969, but 
only because of lessened demand. Canada 
provided more than 94 percent of the im- 
ports; the Republic of South Africa, a lit- 
tle over 4 percent; and 12 other countries, 
the remainder. Chrysotile, with more than 
96 percent, dominated the imported types. 
There was a slight decrease in the value of 
the imported fibers. The Rhodesian values 
in table 4 do not indicate a lifting of the 
1967 embargo, but were deliveries resulting 
from pre-1967 sales. 
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Table 3.—U.S. exports and reexports of asbestos and asbestos products 


1969 1970 
Product 
Quantity Value Quantity Value 
(thousands) thousands) 
EXPORTS 
Unmanufactured: 
Crude and spinning fibers short tons. _ 1,419 $314 4,300 $930 
Nonspinning fibers do.... 14,407 2,274 12,477 1,961 
Waste and refuse do.... 18,696 2,038 21,458 2,449 
r ĩðäĩc do 34,522 4,626 38,235 5,340 
Products: 
Gaskets and packing 8 2,519 6,917 2,546 6,964 
Brake linings. ss do.... 4,519 6,804 8,787 5,576 
Clutch facings, including lining number.. 3,749,035 2,966 2,557,694 1,926 
Textiles and yarn.................... short tons 4,402 2,42 3,7 2,368 
Shingles and clapboard.................... do...- 8,606 1,599 8,356 1,659 
Articles of asbestos cement do.... 5,120 1,779 3,440 1,202 
Manufactures, n. ec NA 5, 673 NA 5, 605 
Toki Sees EE 28,158 | |  ..... 25,300 
REEXPORTS 
Unmanufactured: 
Crude and spinning fibers short tons 589 122 7,441 1,511 
Nonspinning fibers do.... 1,062 231 799 138 
Waste and refuse (óZ. A Q ERE 110 7 
ge BEE do- 1.651 353 8,350 1,656 
Products: 
Gaskets and packing do.... 3 4 15 21 
Brake lining 9 «(Suez 6 8 
Clutch facings, including linings. ........ number.. 2,281 2 5,196 5 
Textiles and yarn.................... short tons 43 19 
Shingles and clapboard...................- do- 72 14 42 13 
Articles of asbestos cement %% 7 76 22 
Manufactures, n. e. Geek NA 5 NA 3 
q E A 22 ĩ eee 25 seeds 91 
NA Not available. 
Table 4.—U.S imports for consumption of asbestos (unmanufactured), 
by classes and countries 
Crude (includ- Textile fiber All other Total 
ing blue fiber) 
Year and country — AMM —ä—äU—ẽU—ẽ— — — 
Short Value Short Value Short Value Short Value 
tons (t hou- tons (thou- tons (thou- tons (thou- 
sands) sands) sands) sands) 
1969 
% ĩ˙iàn. Ee uds! . Del “dis aid $5 
. A a 2, 851 $393 15,974 $5,928 686,606 64,488 655,431 70,759 
Finn! 1.27 OL eedu 8 4,958 28 „285 341 
(Re KEE At esus adas. Mesos Senia 30 4 
Le A ce 8 1 GQ)” adsan aros 1 2 2 2 
Malta and Gozo................. .....  .....  L..... ----.- 1 2 1 2 
Mozambique.................... 55 „FFF 217 18 272 26 
Pörtüun aaa 20 T pinos Guset 395 35 415 36 
South Africa, Republic of 28,026 4,7744 1,664 821 29,690 5,095 
Southern Africa, n.e.c............- 245 487. a ore. ues Gadia pidum. 245 48 
United Kingdom. ............... 81 B aaa. as 265 11 296 16 
Yugoslavia. ...................- 280 D waqa A 1,599 79 1,879 88 
dk e. 32,816 5,303 15,974 5,928 645,768 65,191 694,558 76,422 
1970 
// ²˙——-—-̃̃̃̃ũĩ 8 80 4 15,398 5,657 597,832 64,104 613,310 69,765 
ö i d A OS „141 276 „141 276 
Germany, Wes seese  ...-.. ooo O 222.2 ----- 65 11 65 11 
lll!!! muc. Xi) eses: ER e 5 (1) 5 (1) 
AN 8 2 3 2 1 4 4 
MEXICO: ¿2 m ꝶ Sette, Cotes 8 100 20 100 20 
Mozambique... Jct celeste lana 8 70 8 70 8 
ùĩ]ð;·à..k ß xk x Got aa 132 10 132 10 
Portugal ege 52€ Sets d else 231 16 231 16 
Rhodesia, Southern 2 200 101 200 101 
South Africa, Republic off 23,788 4,158 85 18 2,855 568 26,728 4,744 
Southern Africa, n.e.c............ 110 22. cur ama dm | a 110 22 
United Kingdom. ............... 90 19 211 36 5 1 306 56 
Yugoslavia- e lee SA 1,488 43 2,512 70 4,000 113 
WOVE AA A 24,068 4,203 17,184 5.757 608,150 65,186 649,402 75,146 


1 Less than 1⁄4 unit. 
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Table 5.—U.S. imports for consumption of asbestos from specified countries, by grades 
(Short tons) 


1969 1970 
Grade xIáO oo. YY —— j — T ——- 
Canada Republic of Canada Southern Republic of 
South Africa Rhodesia South Africa 
Chrysotile 
Srüudes 2,851 2,850 80 tes 591 
Spinning fiber˖s . 15, 974 n 15,398 nen 85 
All other. ------------------ 636,606 1,664 597,832 200 2,855 
Crocidolite (blue)................- ms 10,558 E on 8,986 
Amoaite a 14,618 ue Ves 14,261 
//». ERERLE 655,431 29,690 613,310 200 26,728 


WORLD REVIEW 


Two trade journals 5 forecast a possible throughout the world attest that the ex- 
worldwide asbestos shortage by 1974, and a porting countries foresee greater markets 
third 6 says that the new capacity being and that many importing countries hope 
readied will just meet increased demand in to become self-sufficient. 


the Western world during the next 2 5 Mining Journal. V. 274, No. 2025, Apr. 10, 


1970, p. 309. 
years. Engineering Mining Journal. V. 171, No. 5, 


Accelerated exploration, development May 1970, p. 11. 


See E 6 : 
and modernization of asbestos properties 1 Week. V. 106, No. 24, June 17, 


Table 6.—Asbestos: World production, by countries 1 


(Short tons) 


Country 1968 1969 1970 v 
North America: 
Canada (sales) cuu ou s ul ari isa ( ade. 1,509,699 1,576,876 1,663,355 
United States (sold or used by producers) 120,690 125,936 125,314 
Latin America: 
Ci A dua et ecce su 381 359 e 350 
a TEEN, A AS 
ß e cad 4,806 9,981 14,330 
Europe 
NI AA eo er ae ae ie eed r 2,800 3,100 e 3,900 
Finland: tc. cl a a a eet loz 14,484 15,487 15,019 
AA loco I A OQ rd Pte 51 e 550 e 550 
erha A ee 114,020 124,039 130,747 
FF tia a a y 8 r 94 224 | 
USSR ² y 2a 900, 000 1,100,000 1,150,000 
T att 11,456 12,634 13,342 
Africa: 
Mozambique -— 5. sti Sa 132 868 NA 
Rhodesia, Southern a 95,000 88,000 88 , 000 
South Africa, Republic of nn 260,531 284,588 316,822 
Swaziland- o. ³· ei a o ee iets 42,946 43,086 e 43,100 
ae United Arab Republic „ 2,8688 ?!!! 
1a: 
China, mainland oo 170, 000 180, 000 190, 000 
J)) M MENSEM NEPOTUM 21,293 23,927 28,258 
EE A A a mU y ME E 9,992 10,734 10,840 
E A e ͤ ⁵ Ä - a eee ene 8 24,251 23,148 23,576 
Korea, Republic of (South) ............................- 8,650 6,515 1,513 
Philippines... A ⁵³ð ege 35 49 1,337 
Taivan cul um a ⁰¹-wwwttt. 8 1.323 3,396 3,133 
RI AEN r 3,905 5,698 1,857 
Oceania: Australia 895 822 e 700 
!!!! ³ A ee Ud 3,315,303 3,640,017 3,826,238 
e Estimate. p Preliminary. r Revised. NA Not available. 


1 In addition to the countries listed, Czechoslovakia, North Korea, and Romania also produce asbestos, but 
information is insufficient to make reliable estimates of output levels. 
2 Includes asbestos flour. 
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Australia.—Plant construction, mine 
preparation, and personnel recruitment are 
all well underway at the new Pacific As- 
bestos site at Barraba. Full operation at a 
rate of 70,000 tons per year of chrysotile 
fibers should be accomplished this year. An 
anticipated 100,000 tons per year should 
come by the end of 2 years’ operation. 
There are 27 million tons of proven ore 
reserves with a potential of 90 million tons 
within the lease boundaries.’ 

Hammersley Iron Pty. Ltd. is investigat- 
ing the feasibility of reactivating the croci- 
dolite property at Wittenoom. 

Bolivia.—Under a United Nations Devel- 
opment Program, the Bolivian crocidolite 
mines will become steadily rather than 
sporadically operated. Pilot plant studies 
have been promising, and an experimental 
plant with the capacity to produce 1,500 
tons per year of fiber is being erected at 
Cochabamba. 

Canada.—Sales by Canadian producers 
increased by 5 percent from 1969 to 
1,663,355 short tons. A similar increase this 
year would come near to accomplishing a 
national goal of 1.77 million tons annually 
by 1971. 

The Asbestos Corp. Ltd. has a unique 
solution to some of the problems attendant 
to having a mine within 300 miles of the 
arctic circle. The mine, Asbestos Hill on 
the Ungava peninsula, has 20 million tons 
of proven ore reserves, but has been shut 
down for 3 years because of high milling 
costs. The solution is to mine just 7 
months a year, do only partial milling and 
drying at mine-site, and complete the 
processing at a new plant under construc- 
tion at Nordenham, West Germany. 

There are a least five new chrysotile de- 
posits under active exploration or develop- 
ment planning in Canada: 
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planning a Can$57 to $87 million financ- 
ing program to develop its property near 
Amos, Quebec, where drilling indicates re- 
serves Of 105 million short tons. 

(2) McAdams Mining Corporation is 
making plans for developing its property 
at Chibougamou in northwest Quebec. 

(3) Ascope Exploration Ltd. is explor- 
ing its find at Val d’Or, Quebec, adjacent 
to the Abitibi property. 

(4) Cassiar Asbestos Corp. Ltd. and 
Kutchko Creek Asbestos Co. are exploring 
their joint property at Kutchko Creek 
southeast of Cassiar in British Columbia. 

(5) Golden Gate Exploration Co. is ex- 
amining the Rex property at Haines Junc- 
tion, Yukon. 

Colombia.—Nicolet Industries has a 70- 
percent share of the chrysotile mine near 
Medellin now under development. The 
production is scheduled to reach 40,000 to 
70,000 tons annually starting in 1972. 

South Africa, Republic of —The Repub- 
lic of South Africa remained solidly in 
third place among world producers with 
an ll percent increase in production to 
316,822 short tons per year. 

U.S.S.R.—The U.S.S.R. remained second 
only to Canada in production and exports 
of asbestos fibers and shares title of the 
No. 1 consumer with the United States. 

Data from the Soviet Ministry of Foreign 
Trade for the 3-year period 1966-68 show 
a considerable export market; about two- 
thirds of its customers are in the West. 
The data show a lessening of the annual 
increase of exports from 11 to 10 percent, 
and a projection of the data suggests that 
asbestos exports will be near 400,000 short 
tons in 1970. This is about one-third of 
the estimated 1.2 million short tons of pro- 
duction. 


DT a ; * Northern Miner (Toronto). V. 10, No. 8, 
(1) Abitibi Asbestos Mining Ltd. is May 14, 1970, p. 10. 
Table 7.—Canada: Shipments 1 of asbestos, by grades 
(Short tons) 
Grade 1966 1967 1968 1969 1970 

Quebec milled group: 
3 (spinning) J elas 28,716 25,391 32,248 29,291 24,648 
Ahn, 25 c m5 oh 371,837 336,56 35,807 326,146 341,723 
D (paper) DA 190,278 185,450 193,446 204,208 223,535 
ess 8 229, 426 244, 021 255, 648 242, 126 564 
T (Tese) D €——X— 512,030 490,087 542,124 539,413 515,872 
SAGAN) oo eee ss 8, 706 7,149 3,087 2,023 1,793 
Newfoundland, Ontario, and British Columbia. 138,288 154,345 147,389 283,669 294,220 
. ———————— 1,479,281 1,443,011 1,509,699 1,576,876 1,663,355 


1 Includes tonnage for own use 
? Includes crude No. 1, No. 2, and other. 


Source: Dominion Bureau of Statistics. 
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TECHNOLOGY 


The technological event that has possi- 
bilities of having the greatest impact on 
the asbestos industry happened in the glass 
industry and wasn't announced until early 
in 1971.8 Great Britain's Fiberglass, Ltd., 
in association with British National Re- 
search and Development Corp. and the 
British Building Research Station have de- 
veloped a glass fiber that resists alkali. 

The fibers, still available only in very 
limited quantities, would, if company ex- 
pectations are met, become a replacement 
for asbestos in reinforcing portland ce- 
ment. They even visualize lengths of up to 
4 inches eventually replacing the steel now 
used for' reinforcement. 

Until much more information on costs 
and applicability is available, judgment 
will have to be reserved on the glass fibers' 
effect on the asbestos industry. If, however, 
there is even limited success in the con- 
struction industry, the glass fibers may 
help alleviate the potential mid 1970's as- 
bestos shortage. 

Monsanto has developed a new, low cost, 


general purpose, reflective coating to cover 
metal, wood, or concrete with a handsome 
aluminum-impregnated protective coating 
good for 15 to 20 years. The coating is six 
to eight times the thickness of ordinary 
paint and contains asphalt and long fi- 
bered asbestos as well as the aluminum. 

The asbestos industry has begun to an- 
swer some of the widely distributed state- 
ments about the health hazards posed to 
the general public by the manufacture and 
use of asbestos and  asbestos-based 
products.9 Eight leading asbestos products 
manufacturers in the United States have 
organized the Asbestos Information 
Association/North America (AIA/NA). The 
basic objectives of AIA/NA are to (1) pro- 
vide an authoritative channel of communi- 
cation, (2) publicly rebut irresponsible 
and uninformed criticism, and (3) dissemi- 
nate information on the uses of asbestos in 
our modern technological society. 


8 Chemical Week. V. 108, No. 8, Jan. 20, 1971, 


p. 10. 
9 Asbestos. V. 52, No. 10, April 1971, pp. 2-3. 
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Barite 


By Frank B. Fulkerson * 


Domestic barite sold or used in 1970 to- 
taled 854,000 short tons, the lowest since 
1965 -and a decrease of 21 percent from 
1969. The decline was due to an increase 
in barite imports, a strike that shut down 


one of the principal mines, and a drop in 
demand for barite by consuming indus- 
tries. Imports of crude barite increased 15 
percent to 706,000 tons. 


DOMESTIC PRODUCTION 


Barite was mined by open pit and un- 
derground methods in seven States in 1970. 
Production in Missouri, Arkansas, Nevada, 
and Alaska accounted for nearly 85 percent 
of the total output. Missouri, despite lower 
output, regained its position as the largest 
barite producer after yielding this ranking 
to Nevada in 1969. Production from the Na- 
tional Lead Co., Baroid Div., mine at Mag- 


net Cove, Ark., was interrupted by a strike. 

Ground and crushed barite was pro- 
duced in nine States; output was down 10 
percent from 1969. Leading producing 
States were Louisiana and Texas (from 
imported barite) and Arkansas and Mis- 
souri (from domestic barite) . 


1 Industry economist, Division of Nonmetallic 
Minerals. 


Table 1.—Salient barite and barium-chemical statistics 
(Thousand short tons and thousand dollars) 


1966 1967 1968 1969 1970 
United States: 

Barite (primary): . 
Mine or plant production 1,007 944 NA NA NA 
Sold or used by producers 94 96 1 927 1,077 854 
ale: ciones nds a a---- $11,259 $11,604 1513, 706 $15,753 $12,800 
Imports for consumption. .......-... 69 53 663 614 706 
III! A $5,764 $4,655 $5,666 $5,549 $6,314 
Consumption 22: 1.417 1,371 NA NA NA 
Ground and crushed sold by producers 1,209 1,144 1,266 1,537 1,388 
A -k e c MI CER $30,641 $28,754 $30,563 $37,297 $34,294 
Barium chemicals sold by producers 33 1 136 r 130 105 
Valle sano bona aras da $19,109 $16,283 $18,811 $19,101 $16,961 
World: Production 4,0 3,933 3,769 4,235 4,221 

t Revised. NA Not available. 


1 Data not comparable to previous years. 
2 Includes some witherite. 


Table 2.—Barite (primary) sold or used 
by producers in the United States by States 


(Thousand short tons and thousand dollars) 


1969 1970 
State Quan- Quan- 
tity Value tity Value 
Alaska W W 134 $835 
Arkansas. 210 34, 616 168 3,721 
California W W W W 
Georgia 124 3, 116 W W 
Missouri 304 4,220 230 3,555 
Nevada....... 820 2,275 192 1,455 
Tennessee 16 295 19 286 
Undistributed. 108 1,229 112 2,949 
Total!.. 1,077 15,753 854 12,800 


W Withheld to avoid disclosing individual com- 
pany confidential data, included with undistributed. 
1 Data may not add to totals shown because of in- 


dependent rounding. 
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CONSUMPTION AND USES 


Most of the ground barite produced in 
the United States was used as a weighting 
agent in oil and gas-well drilling muds. 
Barite demand for this use decreased in 
1970 owing to a decline in drilling activity. 
Except for ground and crushed barite re- 
quired in the rubber industry, where it 
was used as a filler, demand in all major 
uses declined sharply. 

Producers of barium chemicals from bar- 
ite included the following: J. T. Baker 
Chemical Co., Phillipsburg, NI: Cheme- 
tron Corp., Huntington, W. Va.; Chemical 
Products Corp., Cartersville, Ga.; Chicago 
Copper & Chemical Co., Blue Island, Ill.; 
The Great Western Sugar Co., Johnstown, 
Colo.; Inorganic Chemicals Division, FMC 
Corp., Modesto, Calif.; Mallinckrodt Chem- 


ical Works, St. Louis, Mo.; Ozark Smelting 
& Mining Co., Coffeyville, Kans.; PPG 
Industries, Inc., Chemica] Division, New 
Martinsville, W. Va.; and Sherwin-Williams 
Co., Ashtabula, Ohio. Chicago Copper & 
Chemical Co., a producer of black ash and 
barium carbonate, suspended operations 
and went out of business in 1970. 

Among the many uses for barium chemi- 
cals, barium chloride was used for case 
hardening iron and steel, producing magne- 
sium metal, and treating water; barium 
carbonate was used in making glass, ce- 
ramic glazes, and enamels; and barium hy- 
droxide was added to ceramic products 
and lubricating oils and was used in the 
process of refining sugar beets. 


Table 3.—Ground and crushed barite sold by producers 1 


1968 1969 1970 
Use? Percent Percent Percent 
Short tons of total Short tons of total Short tons of total 
Barium chemicals 3____...... 175,830 13 177,570 11 146,038 10 
Glass 71, 770 5 72, 706 5 49, 642 4 
Filler or extender: 
lf!!! 8 60, 894 4 52,306 8 48,919 8 
Rubber 41,639 3 14,177 1 25,489 2 
Other fille r NA (4) (4) 
Well drilling...............- 1,006,418 73 1,235,229 77 1,118,978 79 
Other uses. 20,907 2 52,754 3 24,565 2 
Total___...-...-..--- 1,877,458 100 1,604, 742 10⁰ 1,408,626 100 


NA Not available. 
1 Includes imported barite. 


2 Uses reported by producers of ground and crushed barite, except for barium chemicals. 


3 Quantities reported by consumers. 


4 Included with other uses to avoid disclosing individual company confidential data. 


Table 4.—Barium chemicals produced and used or sold by producers 1 in the 
United States in 1970 


Chemical 


Produced Sold or used by producers 


Plants (short 
tons) Short tons Value 
7 61,833 52,489 $5,956,411 
(3) 57,001 52,546 11,004,975 
9 118,834 105,035 16,961,386 


1 Only data reported by barium chemical producers that consume barite (primary) are included. 

2 Includes barium acetate, black ash, blanc fixe, chloride, hydroxide, lithopone, nitrate, oxide, peroxide, and 
other compounds for which separate data may not be revealed. 

3 Barium acetate, 1 plant; black ash, 1; blanc fixe, 3; chloride, 3; hydroxide, 4; lithopone, 1; nitrate, 1; oxide, 


1; and peroxide 1. 


4A plant producing more than 1 product is counted only once in arriving at total. 


PRICES 


Prices of crude and ground barite gener- 
ally are negotiated between buyer and 
seller. Prices of barite published in trade 
journals serve as a general guide and do 


not necessarily reflect actual transactions, 
Quoted prices for chemical grade and 

drilling-mud-grade ground barite and im- 

ported crude barite increased in July. 
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Table 5.—Price quotations for crude and ground barite in 1970 


Price per 


Item ton 


Chemical grade, f.o.b. shipping point, carload lots, short ton: 
Hand picked, 95 percent BaSO,, 1 percent ron... 
Water ground, 99.5 percent BaSO,, 325 mesh, 50-pound bags 
Drilling-mud grade, f.o.b. shipping point, carload lots: 83-93 percent BaSO;, 3-12 percent iron, 
specific gravity 4.20—4.80, ground, short Con 2. eee 
Imported, 4.20—4.30 specific gravity, crude, bulk, c.i.f. gulf ports, long toon 


Source: Engineering and Mining Journal. 


FOREIGN TRADE 


Principal countries receiving barite ex- 
ports from the United States were Singa- 


Table 6.—U.S. exports of lithopone 


i : Value 
pore, Indonesia, Canada, and Saudi Arabia. Year Short tons (thousands) 
The tonnage was exported through the 19693 1,300 $281 
following customs districts: 1969 1,086 300 

0 uo ce se RES 1,541 528 
Quantity Value 
Customs district (short tons) (thousands) 
New Orleans 32,323 $1,100 Table 7.—U.S. imports for consumption 
Juneau 17,11 205 f b rit b 0 t ° 
Detroit 6,507 241 OL barite, by countries 
Galveston.......... 5,050 183 (Thousand short tons and thousand dollars) 
Other. ...........- 1,543 97 
1969 1970 
Total 62, 538 1, 826 Type and 
: i country Quan- Quan- 
Imports of crude barite for consumption tity Value tity Value 


in 1970 totaled 706,000 tons, up 15 percent 


Crude barite: 


from 1969 imports. The growing economic geria 5 $65 — —— 
advantage of foreign crude ore is reflected 55 „ 107 Séi 88 3718 
by the increase in imports and the de- Greece 5⁴ 533 56 553 
crease in domestic production; also, a Ri dba US 5 119 
strike that shut down a domestic mine Mexico 121 949 132 1,108 
from September to December significantly FF 368 170 1,680 
affected output. The imported barite en- Turkey 11 102 —; 
tered the United States through the fol- Total. 614 5,549 706 6,314 
lowing customs districts: New Orleans, La., , 
, Ground barite: 

49 percent; Port Arthur, Tex., 22 percent; nadas 2 221 1 36 
Laredo, Tex., 20 percent; Houston, Tex., 7 France. ..... Q 5 0 10 
percent; and El Paso and Galveston, Tex., EE Ee 
2 percent. Ireland was the principal source Total. 2 234 1 46 


of imports, followed by Peru and Mexico. 


1 Less than 14 unit. 


Table 8.— U.S. imports for consumption of barium chemicals 


Blane fixe . | : 
Lithopone (precipitated Barium chloride Barium hydroxide 
barium sulfate) 
Year — —— — 
Value Value Value Value 
Short (thou- Short (thou- Short (thou- Short (thou- 
tons sands) tons sands) tons tonds) tons sands) 
1968... .:.. . . . . 246 $37 2,783 $397 1,413 $149 ire me 
OG ME 261 40 2,705 399 1,083 118 r 87 r $2 
1910. A 87 19 2,866 495 1,558 166 -— m 
Barium carbonate, Other barium 
Barium nitrate precipitated compounds 
Value Value Value 
Short (thou- Short (thou- Short (thou- 
tons sands) tons sands) tons sands) 
AA A 710 $103 656 $43 415 $151 
1989 88 1.035 144 887 70 944 381 
1970.5 2 aE 786 118 1,416 117 525 258 
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Table 9.—U.S. imports for consumption 
of crude, unground, and crushed 
or ground witherite 


Crude, unground 


Crushed or ground 


Year Value Value 
Short (thou- Short (thou- 
tons sands) tons sands) 
1968...... 2,029 $59 25 $17 
1969. 392 15 67 7 
o A ES 182 85 
WORLD REVIEW 


Increased oil-well drilling in the Far 


ments were being made to this area from 


1 In addition to the countries listed, Bulgaria 


available information is inadequate to make reliable estimates of output levels. 


2 Sold or used by producers. 


3 Barite concentrates; total crude output reported as follows in short tons: 1968, 207,234; 1969, 260,097; 


1970, 151,000 (estimate). 
4 Includes witherite 


s Ground barite; total crude output reported as follows in short tons: 1968, not available; 1969, 45,258; 


1970, 80,906. 


East, particularly in Malaysia and Indone- Australia, the United States, and other 
sia, led to greater demand for barite. Ship- countries. 
Table 10.—Barite: World production, by countries 
(Short tons) 
Country ! 1968 1969 1970 p 
North America: 
Canada ci ee oc eet EE se 138,059 143,230 236, 000 
Miri a A 8 271,762 195,022 $51,788 
United States ů 2 926, 729 1,077,208 854,132 
South America: 
enti u L L m eet eects r 26,670 29,751 e 30,000 
Pf ³⁰ A y 47,472 pr 51,800 e 28,200 
9 AS 4,053 8,824 4,760 
Colombia. o e Ee r 7,716 13,494 1,519 
Peru. A cR ß 8 r 37,375 164,067 143,295 
Verde 
en ĩ Su E 1,610 780 847 
Czechoslovakia e... w r 7,200 r 7,700 8,300 
)) A AA 100,285 p 104,700 e 104,700 
Germany, East ee r 83,000 r 33,000 33, 
Germany, Wees r 467,011 482,232 454,798 
e A A E ce r 72,787 r 91,647 59,707 
, ß r 149, 050 176, 926 e 177,000 
AN A 8 224,849 268,218 245,882 
Poland ii ege r 52,000 r 55,000 55,000 
it ⁵³ð ĩ 8 853 119 474 
Romanis e: <a u. L u L.l eund r 61,000 r 110,000 128,400 
JA EE 66,736 70,130 e 70,000 
S S IAN r 290,000 r 810,000 830,000 
United Kingdo O ESE A A ees n r 83,000 20,000 e 20,000 
Yugoslavia. .................. L2 cl lll l.l... 17,642 89,850 e 94,000 
Africa: 
A rol. Su ccc s 49,587 57,000 56,927 
A E A Rd aad r 386 479 493 
e, ß 86,157 95, 885 93,421 
South Affica, Republic éi LII IIIIIIIIII 572 ,872 3,219 
Swazilan Ee 979 629 e 660 
"T United Arab Republic.....................- 411 e 440 e 440 
as 
ee O O NAS, r9,921 10,696 12,100 
China, mainland e o r 132,000 r 154,000 165,000 
irr A A 57,009 57,094 79,281 
A A x r 58,77 64,616 66,380 
JADEN. CM 65,152 68,506 72,950 
Kora. Nortióz a sie r 132,000 r 132,000 132,000 
Korea, Republic oꝶꝶ k gdm  --------- 
La il hd «́ô⁰ ͤê U» 8 11,416 er 5,500 e 6,600 
Thaland EENEG ER 18,177 
TUFKÉV <a r 24,475 36,458 32,013 
Oceania: Australia... 22. 222 LLL ~~ ee r 43,854 44,309 e 44,000 
TOL AA A A O r 8,769,008 r 4,235,127 4,220,913 
e Estimate. p Preliminary. r Revised. 


Philippines, and Southern Rhodesia also produce barite, but 


BARITE 


A comprehensive review of the world 
barite industry was published.? 

Australia—To meet the demand from 
local and overseas markets, South Austra- 
lian Barytes Ltd., which operates the Ora- 
parinna open pit mine in the Flinders 
Ranges, was expanding the capacity of its 
grinding plant at Quorn about 100 miles 
from Port Augusta. The company also 
planned to develop a barite deposit at In- 
verway in the Northern Territory.$ 

Iran.—Sogemiran S.A., a subsidiary of a 
Belgian firm Société Générale des Minerais, 
operated a 250-metric-ton-per-day lead-bar- 
ite flotation mill and an open pit mine 
and was developing an underground mine. 
The operation is in north central Iran. 
Barite concentrate was trucked to the 


WORLD 


The Geological Survey (USGS) pub- 
lished an appraisal of world barite reserves. 
The United States reserves were estimated 
to be 83 million tons, over 40 percent of 
the reported world reserves of 204 million 
tons. According to the report, geologic fac- 
tors suggest that world barite reserves can 
be increased in coming years to meet the 
growing requirements. Possibilities for dis- 
covery of new barite deposits similar to 
the large high grade bedded deposits of 
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grinding plant of Iran Magcobar Co. south 
of Teheran.4 

Singapore.—IMC Drilling Mud, Inc., was 
constructing a barite grinding plant with a 
capacity of 40,000 tons per year on a 314 
acre site in Jurong Township. Grinding 
operations were to be based initially on 
barite produced in Thailand. The ground 
barite was to be sold to the drilling indus- 
try in the Far East.5 

Thailand.—A barite deposit in the Tha- 
Sala district of the southern province of 
Songkla was acquired by Endeavor Oil NL. 
The company planned to begin mining by 
open pit methods at an initial rate of 
20,000 tons per year. The ore would be 
shipped to Singapore, where Endeavor pro- 
posed to establish a grinding mill.e 


RESERVES 


Nevada and Arkansas were said to be 
good.” 


2 Industrial Minerals (London). The World's 
Barite Industry. No. 32, May 1970, pp. 15-27. 


5 Minerals (London). No. 32, May 
p 
id World Mining. V. 6, No. 4, April 1970, p. 
$ Industrial Minerals (London). No. 32, May 
1970, p. 45. 
$ Industrial s (London). No. 39, De- 
cember 1970, |: 


7 Brobst, Donald A. Barite: World Production, 


Table 11.—World reserves of barite, by countries 
(Million short tons) 


Country Reserves 
North America: 

VE TEE 5 
Mexico nod sa ees 4 
United States 83 

ä a 92 
South America 

PAV ss ecto E 8 3 
B/ ĩ² ²˙•iA km 8 3 
i ee 2 

To a za suls miss 8 

Europe: . 
ts de a ende 5 
as o E 3 —8 2 

e AA E Z nd 4 
Germany 
EEC»; ů— uus 3 
§öéO w 8 7 
(Greece ee 4 
FIC ³¹àĩimA Suma es 3 
e FEIER A 5 
Poland cra 2 
Romanii sos Las cua snow aa 2 
SR e EE 3 
United Kingdom EENEG 2 
Vugosla via 3 
Othe? os ccc osc ee as ie 2 
PS. 47 


Source: U.S. Geological Survey. 


Reserves, and Future Prospects. Geol. Survey 
Bull. 1321, 1970, 46 pp. 
Country Reserves 
Africa 
All!! See E 12 
Moroco... ss eee lees 
A A 8 2 
ou Africa, Republic of 8 
J uuu dlc uu D ee 8 
Pe... 20 
Asia 
China, mainland.................. 10 
ITI ⁵³ᷣͤ T. 88 3 
P. E Ne 3 
Korea: 
leese 8 
A A ua ; 8 
Pakistan 2 
Thailand. ...--------------------- 8 
UKY A A E IA 4 
Mr” MD 1 
Pr 32 
Oceania: Australia 5 


Grand total 204 
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TECHNOLOGY 


Alaska Barite Co. operated an underwa- 
ter barite mine in Duncan Canal, Ku- 
preanof Island, southeastern Alaska. Ore 
being mined was in 20 feet of water. A spe- 
cial mining barge 130 feet long and 50 feet 
wide carried the drilling and excavating 
equipment. The barge was equipped with 
six anchor lines and winches capable of 
overcoming the 4 to 5 knot currents pre- 
vailing in the area. The drilling unit con- 
sisted of a structural tower with a 40-foot 
drill mast, a pneumatic drill, a large tugger 


hoist, and an air compressor. The ore was 
blasted, recovered by a crane with a special 
digging bucket, and loaded into barges for 
transfer to a small island nearby, where 
the ore was crushed and screened. The op- 
eration was located in a shrimp, salmon, 
and crab harvesting area. Precautions were 
being taken against pollution and environ- 
mental damage.8 


8 Stevens, Joseph F. Mining the Alaska Seas. 
ra Industry, v. 5, No. 11, November 1970, pp. 


Bauxite 


By Horace F. Kurtz 


World bauxite production increased 10 
percent to 57 million tons in 1970, more 
than twice the production of a decade ago. 
New alumina production capacity was 
added or planned in many countries, and 
international shipments of alumina contin- 
ued a rapidly rising trend. United States 
imports of both bauxite and alumina 
reached record levels. Domestic mine pro- 
duction of bauxite rose to its highest level 
since World War II; however, on an alu- 


minum content basis, this production com- 
prised only 10 percent of the new supply of 
aluminous raw materials, which includes im- 
ports of bauxite and alumina. 

Legislation and Government Programs. 
—Excess bauxite and fused aluminum 
oxide in the national stockpile were avail- 
able for commercial sale or exchange for 
items in deficit in the stockpile. Approxi- 
mately 126,000 tons of bauxite were sold in 
1970. 


Table 1.—Salient bauxite statistics 


(Thousand long tons and thousand dollars) 


United States: 


Production, crude ore (dry equivalent 
l eee es iba 
Exports (as shipped 
Imports for consumption nnn: 
Consumption (dry equivalent 
World: Production 


1966 1967 1968 1969 1970 
oe 1,796 1,654 1,665 1,843 2,082 
-.. $20,095 $19,079 $23,752 $25,725 $30,070 
62 2 7 5 3 
--- 11,529 11,594 10,976 12,160 12,620 
--- 14,084 14,503 14,097 15,580 15,646 
--- 40,041 43,889 45,256 51,803 57,072 


1 Includes bauxite imported for Government account. Import figures for Jamaica, Haiti, and Dominican 
Republic were adjusted by the Bureau of Mines to dry equivalent. Other bauxite imports, which are virtually 
all dried, are on an as-shipped basis. Excludes bauxite imported into the Virgin Islands. 


DOMESTIC PRODUCTION 


The production of bauxite in the 
United States increased 13 percent to over 2 
million long tons (dry equivalent) in 
1970. Approximately 90 percent of the pro- 
duction was mined in Arkansas and most 
of the remainder in Alabama. 

In Arkansas, Aluminum Co. of America 
(Alcoa) , Reynolds Mining Corp., American 
Cyanamid Co., and A. P. Green Refracto- 
ries Co. operated mines in Saline County 
and American Cyanamid produced in Pu- 
laski County. Bauxite processing plants 
were operated by American Cyanamid, A. P. 
Green, Porocel Corp., and Stauffer Chemi- 
cal Co. A Bureau of Mines report de- 
scribed the bauxite industry in Arkansas.? 

In Alabama, bauxite was mined by Wil- 
son-Snead Mining Co., Eufaula Bauxite 


Mining Co., and A. P. Green in Barbour 
County, and by Harbison-Walker Refracto- 
ries Co., A. P. Green, and General Refrac- 
tories Co. in Henry County. Wilson-Snead, 
Eufaula Bauxite, Harbison-Walker, and A. 
P. Green also operated processing plants in 
Alabama. 

American Cyanamid, the only producer 
in Georgia, mined and dried bauxite in 
Sumter County. 

During the year, Reynolds took large 
samples of its laterite resources in the 
Northwest for test purposes. The material 


1 Industry economist, Division of Nonferrous 


Metals. 

? Stroud, Raymond B., Robert H. Arndt, Frank 
B. Fulkerson, and W. G. Diamond. Mineral Re- 
sources and Industries of Arkansas. BuMines 
Bull. 645, 1969, 418 pp. 
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Table 2.—Mine production of bauxite and shipments from mines and processing 
plants to consumers in the United States 


(Thousand long tons and thousand dollars) 


Mine production 


State and year 


Crude 
Alabama and Georgia: 
1960.5... a ee eo ass 102 
Y AA debe rer < 108 
Är EE 110 
%%%%%ô§öéö¹ã?—ꝙꝓCs; 8 117 
190 270 
nsas: 
1966 Tt. Duss 2,060 
19) 1,943 
7. ·¹ð¹ ¹ ¹ KA 1,961 
. mie e s 2,116 
. AAA 2,251 
Total United States: 3 
900: it ee see LE 2,162 
190 AAA se . ei 2,051 
% EE 2,071 
Ü i u SS uu Aie 2,233 
/ ⁰˙ͥw ͤůAmqA 8 2, 522 


Shipments from mines and 
processing plants to consumers 


Dry Value 1 As Dry Value 1 
equivalent shipped equivalent 

78 $656 85 82 $1,108 

83 810 85 84 1,236 

83 694 74 69 898 

88 1,020 72 79 1,324 

213 8,778 149 161 8,299 
1,718 19,439 1,891 1,636 19,788 
1,571 18,269 2,022 1,742 21,343 
1,582 23,058 1,962 1,680 25,349 
1,755 24,706 2,044 1,765 26,304 
1,869 26,293 2,194 1,917 29,049 
1,796 20,095 1,976 1,718 20,896 
1,654 19,079 2,107 1,826 22,579 
1,665 23,752 2,036 1,749 26,247 
1,843 25,725 2,116 1,844 27,628 
2,082 30,070 2,343 2,078 32,348 


1 Computed from selling prices and values assigned by producers and from estimates of the Bureau of Mines. 


2 Includes data for Oregon and Washington. 


3 Data may not add to totals shown because of independent rounding. 


Table 3.—Recovery of dried, calcined, and 
activated bauxite in the United States 


(Thousand long tons) 


Total processed 


Crude bauxite recovered 1 
Year ore 
treated As Dry 
recovered equivalent 
1966 202 117 157 
19 A 223 123 167 
1968899 210 108 152 
1939 288 162 218 
1910. u Z: osa 428 259 343 


1 Dried, calcined, and activated bauxite. 


was mined in Washington, Marion, and 
Columbia Counties, Ore. and Cowlitz 
County, Wash. 


Table 4.—Percent of domestic bauxite 
shipments, by silica content 


SiO: (percent) 1966 1967 1968 1969 1970 


Less than 8. 10 4 15 15 19 
From 8 to 15. 60 78 53 55 54 
More than 15. 30 23 32 30 27 

International Minerals & Chemicals 


Corp. purchased the Eufaula Bauxite Min- 
ing Co. and planned to increase its capac- 
ity to produce bauxite and bauxitic clays 
for the refractory and chemical industries. 
C-E Minerals, a division of Combustion 
Engineering, Inc., announced that it was 
adding to its bauxite and kaolin calcining 
plant at Andersonville, Ga., and that an- 
nual capacity would be increased to 
250,000 tons. 


The eight alumina plants in the conti- 
nental United States, located in four 
southern States, and the plant in the Vir- 
gin Islands had a combined production of 
7.23 million short tons in 1970, down 1.5 
percent from 1969. The total included 6.74 
million tons of calcined alumina, 417,000 
tons of commercial alumina trihydrate, 
and 66,000 tons of tabular and activated 
alumina. Shipments of alumina and alumi- 
num oxide products totaled 7.0 million 
tons. About 6.49 million tons went to the 
aluminum industry, and the remainder was 
shipped to the chemical, ceramic, refractory, 
abrasive, and other industries. 


Table 5.—Production of alumina in the 
United States 
(Thousand short tons) 


Total 
Year Caleined Other 
alumina alumina! As Calcined 

produced 2 equivalent 
1960.... 38,878 215 4,088 4,026 
1961.... 3,688 221 3,909 8,844 
1962.... 4,389 260 4,649 4,575 
1963. 4,799 263 5,062 4,987 
1964. 5,279 299 5,577 5, 493 
1965. 5, 538 326 5, 864 5, 771 
1966 5, 853 349 6,202 6,105 
1967____ 6,153 352 6,505 6,392 
1968. _ _ - 6,051 391 6,442 , 828 
1969____ 6,920 414 7,334 7,214 
1970____ 6,748 483 1,227 7,080 


1 Trihydrate, activated, tabular and other alumi- 
nas. 

2 Data may not add to totals shown because of 
independent rounding. 


BAUXITE 


During the year, Alcoa was expanding 
its alumina plant at Point Comfort, Tex. 
On completion in mid-1971, the plant will 
have an annual capacity of over 1 million 
tons. Harvey Aluminum, Inc., began work 
late in the year on expanding its plant at 
St. Croix, Virgin Islands, and preparing it 
to use bauxite from Boké, Guinea. The 
Corpus Christi, Tex., alumina plant of 
Reynolds was damaged by a hurricane in 


213 


August, but all damage was repaired by 
the end of the year. 

Alcoa's new plant near Fort Meade, Fla., 
was put into operation to produce alumi- 
num fluoride and synthetic cryolite from a 
byproduct of phosphate fertilizer produc- 
tion. Kaiser Aluminum & Chemical Corp. 
began construction at Gramercy, La., to 
double its aluminum fluoride capacity to 
60,000 tons per year by mid-1971, 


CONSUMPTION AND USES 


The major bauxite-consuming industries 
in the United States used about the same 
quantities of bauxite in 1970 as the pre- 
vious year. Nearly 88 percent of the 15.6 
million tons of bauxite consumed was im- 
ported ore and about 70 percent was in 
crude or partially dried form. 

Alumina production accounted for 94 
percent of the total bauxite consumption. 
An average of 2.07 long tons (dry basis) 
of bauxite was required to produce 1 short 
ton (calcined basis) of alumina. Twenty- 
seven primary aluminum plants in the 
United States consumed 7.6 million tons of 
calcined alumina. 

The refractory industry used 370,000 
tons (dry basis) of bauxite. Most of the 
material was calcined bauxite and 84 per- 
cent was imported. The trend toward in- 


Table 6.—Bauxite consumed in the 
United States, by industries 


(Thousand long tons, dry equivalent) 


Year and industry Domestic Foreign Total 1 
1969: 
Alumina..... 1,749 12,825 14,574 
Abrasive 2____ W 254 3 254 
Chemical. 140 177 318 
Refractory - 58 308 366 
Other 29 40 69 
Total 12 1,976 13,605 15,580 
1970: 
Alumina..... 1,718 12,936 14,653 
Abrasive?.... ....... 253 253 
Chemical.... 4 161 4 208 307 
Refractory... 60 310 370 
Other W W 63 
Total 12 1,940 18,707 15,646 


W Withheld to avoid disclosing individual company 
confidential data, included with “Other.” 
1 Data may not add to totals shown because of 
inde endent rounding. 
ncludes consumption by Canadian abrasive 
1 
3 Excludes domestic. 
4 Includes other uses. 


creased use of high-alumina refractories to 
meet higher temperature requirements of 
the pyroprocessing industries was verified 
in a study of refractories consumption.3 


Table 7.—Crude and processed bauxite 
consumed in the United States in 1970 


(Thousand long tons, dry equivalent) 


Type Domestic Foreign Total ! 
origin origin 
Crude 1,731 9,297 11,028 
Dried. .......... 21 8,847 8,869 
Activated. ....... 33322 — 33 
Calcined......... 154 563 717 
Total!.... 1,940 18,707 15,646 


1 Data may not add to totals shown because of 
independent rounding. 


All of the 253,000 tons (dry basis) of 
bauxite used in the manufacture of abra- 
sives was imported calcined bauxite. Data 
on the abrasives industry included bauxite 
fused and crushed in Canada since much 
of this material is made into abrasive 
wheels and coated products in the United 
States. 

About 307,000 tons (dry basis) of dried, 
calcined, and activated bauxite was used by 
the chemical industry in 1970. Other con- 
sumers of bauxite, in descending order of 
magnitude, included the cement, oil and 
gas, and steel industries, and municipal 
waterworks. American  Cyanamid  an- 
nounced the construction of new alum 
plants at Escanaba, Mich., and De Ridder, 
La. In 1969, the production of aluminum 
sulfate, aluminum chloride, and aluminum 
fluoride were increased 5, 8, and 3 percent, 
respectively. 


3 Kusler, David J., and Robert G. Clarke. Im- 
pact of Changing Technology on Refractories 
Consumption. BuMines Inf. Circ. 8494, 1970, 68 
pp. 
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Table 8.—Production and shipments of selected aluminum salts 
in the United States in 1969 


(Thousand short tons and thousand dollars) 


Total shipments 


Number including interplant 
Item of Production transfers 
producing 
plants Quantity Value 
thousand) 
Aluminum sulfate: . 

Commercial (17 percent AlzO :))) 63 1,244 1,202 $49,479 

Municipal (17 percent Al:O :))) 3 5 XX XX 

Iron-free (17 percent Al203)------------------------ 19 71 46 2,944 
Aluminum chloride: 

Liguid (82° , 2 uy y ) 7 24 10 905 

Crystal (32? Pei )) 

Anhydrous (100 percent Al CI:⸗))))ʒ)) 5 40 37 10,313 
Aluminum fluoride, technical.................-.-......-.- 6 143 148 28,161 
Aluminum hydroxide, trihydrate (100 percent Al203.3H:2O)- 7 326 845 21,988 
Other inorganic aluminum compounds 1_ .............. XX XX XX 18,388 

Total; ·¹·ĩ ĩ ²ͤͥ¹Ü¹ ⁰ ¹————T—x— da XX XX | XX 132,173 


XX Not applicable. 


1 Includes sodium aluminate, light aluminum hydroxide, cryolite, and alums. 


Source: 
and Production of Inorganic Chemicals. 


Data are based upon Bureau of the Census report Form MA-28E.1, Annual Report on Shipments 


STOCKS 


Inventories of bauxite at mines, process- 
ing plants, and consumers increased 8 per- 
cent. Stocks of refractory-grade bauxite had 
the greatest proportional increase. The 
only change in Government stocks of baux- 
ite was the disposal of 2,487 long tons of 
calcined refractory-grade bauxite; however, 
123,529 long dry tons of metal-grade Suri- 
nam-type bauxite was committed for dis- 
posal. 

Stocks of alumina and related products 
at plants producing alumina and alumi- 
num rose from 839,000 short tons at the 
end of 1969 to 1,047,000 tons on December 
31, 1970. 


Table 9.—Stocks of bauxite in the 
United States 1 


(Thousand long tons, dry equivalent) 


Sector Dec. 31, Dec. 81, 
1969 1970 
Producers and processors r 878 930 
Consumers_________ r2,078 2,256 
Government...............- 17,021 17,017 
Tot 19,977 20, 203 
r Revised. 


1 Domestic and foreign bauxite; crude, dried, cal- 
cined, activated; all grades. 


PRICES 


According to Oil, Paint and Drug Re 
porter, the price of bauxite in bulk form 
at mines ranged from $7 to $10 per ton, 
unchanged from the previous year. The 
Bureau of Mines estimated that the value 
of crude, undried, domestic bauxite ship- 
ments, Lob, mine or plant, averaged 
$11.88 per long ton in 1970. The average 
value of domestic dried bauxite shipments 
was estimated at $13.29 per ton. The aver- 
age value of imported bauxite at the port 
of shipment was $11.96 per ton (dry 
equivalent weight) for undried and dried 
bauxite and $34.59 per ton for calcined 
bauxite. The average value of imported 
bauxite consumed at domestic alumina 


plants was estimated at $14.49 per long 
dry ton. In December 1970, Engineering 
and Mining Journal published the follow- 
ing prices, unchanged from the previous 
December, on special grades of bauxite, 
f.o.b. cars, Atlantic ports, per long ton: 


Imported, calcined, crushed: 
Abrasive grade, 87.25 percent 
minimum Al:20 3, penalties for 
SiO: content over 7 percent... $35.80-36.30 
Refractory grade: 
87.75 percent minimum Al203... -.. 39.55 
88 percent minimum Al: O:, 
super calcined. .............- -.. 43.05 
Imported dried, crushed: 
Chemical grade, 60.25 percent 
Al203, 6 percent SiO», 1.25 


percent Fe3O ; (approximately). 15.90-16.90 


BAUXITE 


The average value of calcined alumina, 
as determined from producer reports, was 
$0.0339 per pound, the same as the preced- 
ing year. The average value of imported 
alumina, classified as alumina for use in 
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making aluminum, was $0.0299 per pound 
at port of shipment, while the average 
value of exports of alumina was $0.0354 
per pound. 


Table 10.—Market quotations on alumina and aluminum compounds 


Compounds Dec. 29, 1969 Dec. 30, 1970 
Alumina, calcined, bags, carlots, works per pound.. 50. 0530-0. 0555 3$0.0570-0.0585 
Aluminum hydrate, heavy, bags, carlots, freight equalized__per pound. .0400 0420-0. 0435 
Aluminum sulfate, commercial, ground, bags, carlots, works, freight 
rr see cee yates mu uud nee hoes per ton 58.25 62.25 
Aluminum sulfate, iron-free, bags, carlots, works, freight equalized 
per ton 83.05 83.05-87.05 


Source: Oil, Paint and Drug Reporter. 


Table 11.—Average value of U.S. exports 
and imports of bauxite 1 
(Per long ton) 


Type and country 


Average value 
port of shipment 


1969 1970 


Exports: Bauxite and bauxite 
concentrate $86.47 $74.74 
Imports: 
Crude and dried: 

Australia 5.31 4.91 
Dominican Republic 2— 16.05 16.88 
Germany, West 9.00 ...... 
Greece 2. 2... -- 8.09 10.14 
Guinea r 4.09 4.52 
Guyana 9.15 9.84 

Haiti 22 13.55 10.02 
Jamaica :: 15.35 12.99 
Surinam 9.61 10.59 
Trinidad and Tobago 9.00 ...... 
Venezuela, 9.05 9.30 
Average r 13.25 11.96 

Calcined: 3 
Canada 38.02 19.07 
Guyana 30.46 34.77 
Surinam 27.36 32.63 
Trinidad and "Tobago ------ 11.97 
Venezuela. |... 0. 200.0. 35.20 
Average 30.09 34.59 
r Revised. 


1 Includes the value of material brought into the 
Virgin Islands from Australia and Guinea. 


2 Dry e 
Mines use 
3 For refractory use. 


Note: 


uivalent tons adjusted by the Bureau of 
in computation. 


Bauxite is not subject to an ad valorem 


Bauxite exports diminished to only 3,279 


rate of duty and the average values reported may be 
arbitrary for accountancy between allied firms. Conse- 
quently, the data do not necessarily reflect market 
values in the country of origin. 


FOREIGN TRADE 


Canada; 27 percent to the U.S. S. R.; 


13 per- 


tons in 1970. Canada and West Germany 
were the principal recipients. Exports of 
alumina increased 8 percent to 1,224,000 
tons, including 165,000 tons exported to 
Norway from the Virgin Islands. About 32 
percent of the alumina was shipped to 


cent to Norway; 13 percent to Ghana; 6 
percent to Mexico; 3 percent to Venezuela; 
2 percent to Hungary; and the remaining 
4 percent to 50 other countries. 

Exports of aluminum hydroxide were in- 
creased 56 percent to 41,000 tons, valued at 
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$4.9 million. Shipments to Sweden, Mexico, 
and Canada accounted for 88 percent of 
the total. Aluminum sulfate exports rose 
44 percent to about 18,000 tons, valued at 
$578,000. Nearly two-thirds of the alumi- 
num sulfate was sent to Venezuela. Exports 
of artificial corundum are given in the Ab- 
rasive Materials chapter. Exports classified 
as “other aluminum compounds” totaled 
about 17,000 tons and were valued at $5.8 
million. 

The duties on crude and dried bauxite, 
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calcined bauxite, and alumina imported 
for making aluminum continued suspended 
throughout the year. Under the “Kennedy 
round” trade agreements, the duty rates 
were lowered on January 1, 1970, to 20 
cents per long ton on crude bauxite, 22 
cents per long ton on calcined bauxite, 
and 0.17 cents per pound on alumina. Alu- 
mina and aluminum hydroxide imported 
for uses other than making aluminum was 
dutiable at 0.17 cents per pound through- 
out the year. 


Table 12.—U.S. imports for consumption of bauxite (crude and dried) by countries 1 
(Thousand long tons and thousand dollars) 


1968 1969 1970 
Country 
Quantity Value Quantity Value Quantity Value 

Dominican Republic 783 $11,615 918 $14,738 910 $15,363 
PEOC eer ß d a 86 58 588 
GUYANA ur rv... 88 390 3, 532 333 3, 048 317 3,118 
HI ai S u su Na u See 899 4,286 599 8,119 617 6,183 
Jamaica. le ae 8 6,385 92,257 7,132 109,461 7,503 97,500 
Surinam 2, 865 27,216 2,816 27,070 2,923 30,969 
Venezuela 107 957 r 318 r 2,899 276 2, 560 
Other countries 47 365 44 304 16 81 
Total i. yu AN U 10,976 140,228 r12,160 r165,639 12,620 156,362 

r Revised. 


1 Official Bureau of the Census data for Jamaican, Haitian, and Dominican Republic bauxite have been 


converted to dry equivalent by deducting 13.6 percent free moisture for Jamaican an 


Haitian and 17.7 percent 


for Dominican Republic in 1968; in 1969 and 1970, Jamaican is 16 percent, Haitian 12.5 percent, and Dominican 
Republic 17.7 percent. Other imports, which are virtually all dried, are on as-shipped basis. 


Note: Excludes bauxite imported into the Virgin Islands: 1968—247,000 tons from Australia, 389,000 

8 Guinea; 1969 — 69, 000 from Australia, 435,000 from Guinea; 1970—235, 000 from Australia, 506,000 from 
uinea. 

Table 13.—U.S. imports for consumption of bauxite (calcined) by countries 
(Thousand long tons and thousand dollars) 
1966 1967 1968 1969 1970 
Country —' ' ä ä — ' —— — 
Quantity Quantity Quantity Quantity Quantity 

A kd mm a .. ELT T 145 157 177 175 237 

ü ³ ·¹ wm ⁰ůdvr ͤmdbu!!! 8 39 48 30 25 16 

Trinidad and Tobago 20 FFT 1 

Other countries (1) (1) (1) (1) 2 

A ne oe 204 214 207 200 256 

..... 36, 005 $6,283 $6,309 $6,017 $8,852 


1 Less than 1⁄4 unit. 


Table 14.—U.S. imports for consumption of alumina for use in producing aluminum, 


by countries 1 


(Thousand short tons and thousand dollars) 


Country 


1 Excludes shipments from Virgin Islands to continental United States. 


1969 
Quantity Value 

1,310 $70,029 
104 6,955 
68 4,098 
25 1,859 
408 23,189 
2 208 
1,912 106,333 


1970 
Quantity 


Value 


$66,278 


152,537 


BAUXITE 


Imports of crude, dried, and partially 
dried bauxite into the United States (in- 
cluding the Virgin Islands) increased 6 
percent to 13,361,000 tons, valued at $160 
million, in 1970. Most of the increase came 
from Jamaica which provided 56 percent 
of the imports. Shipments from other 
major sources were relatively unchanged: 
Surinam supplied 22 percent of the total; 
Dominican Republic, 7 percent; Haiti, 5 
percent; Guinea, 4 percent; and Guyana, 2 
percent. Another 2 percent shipped from 
Venezuela was probably all mined in Guy- 
ana. By customs districts, 44 percent of the 
crude and dried bauxite entered through 
the New Orleans district; 32 percent 


WORLD 


The total bauxite production of the 27 
producing countries throughout the world 
rose 10 percent or over 5 million long tons 
in 1970. The largest gains were made in 
Jamaica and Australia, each of which in- 


Table 15.—Bauxite: 
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through the Galveston district; 15 percent 
through the Mobile district; and 6 percent 
at St. Croix, Virgin Islands. Imports of cal- 
cined bauxite, mainly from Guyana, rose 
28 percent. 

Imports of alumina for use in making 
aluminum established a record high level 
of over 2.5 million tons. Although Aus- 
tralia remained the largest source of im- 
ported alumina, shipments from Jamaica 
were increased eightfold. Imports of alumi- 
num hydroxide and other oxides not clas- 
sified as “for use in making aluminum" in- 
creased to 24,387 short tons. Canada again 
supplied 84 percent of the total, and seven 
other countries shared the remainder. 


REVIEW 


creased nearly 1.5 million tons and to- 
gether accounted for 37 percent of the 
world output. Large increases in produc- 
tion also were achieved in Indonesia, 
India, and Greece. 


World production by countries 


(Thousand long tons) 


Country ! 1968 1969 1970» 
North America: United States 2 eee ee 1,665 1,843 2,082 
Latin America: 
Le EE 309 e 343 e 490 
Dominican Republic (shipments) ?2. ... ooo r979 1.076 1,050 
Guyana conoces lastra es 3,663 4,238 » 4,490 
e E A Pg ete a ae ⅛ð RNA AO r 439 654 621 
E A xęß K E M ELM wt ea r 8,391 10,333 11,820 
%%% ů⁰]”ꝰ½n NN AAA ß x ON 5,569 5,364 5,257 
Europe: 
NOB. ³ ::: ⁵ / ĩð v ĩðê2 8 2,670 2,729 2,945 
Germany, West... G i Kd y Se ee ee 3 8 
e ,, ß e sk asa ls r 1,807 1,886 2,242 
Hunga y c c uu ] ]ꝗZ⁸ ↄ ⁰ . y k E Seem eL Ee 1,928 1,904 1, 990 
I7kõkũũũũ ³ « S ERE UNS 213 216 221 
UVV enun b ͤm»0v mn A 88 20 r 49 108 
JU ³ . ⁰ͥꝗqdũ ⁰⁰Zyd d 8 6 5 eb 
USSR ono é e more C ce C Gu s Li 888 r 4,900 r 4,900 4,900 
Yugoslavia uote a d 2,039 2,094 2,066 
Africa: 
öÜĩ§[0öiU y IA an a he ee ee 280 265 292 
E A A A AAA 2,084 2,420 ¢2,600 
Mf ³oͤ. ꝗ ꝝ⁵˙—- ewes eee ewes 4 7 
S ² ⁵ ꝙ⁰ ² ⁵ ori ue ⁰⁰ʒʒym y r 463 447 433 
Asia: 
China, mainland ddddddddddddddddddddd ð -m = ria 374 443 492 
1!köÜ!“᷑v⅛7Bq! ]: ¹ t NANA ED ANN Sa a 2 S C a he 022 922 976 1.888 
Indones aaa AAA 865 753 1,210 
Malaysia (West Malaysia )))) 786 1.056 1,121 
FFö! ꝛ˙²˙ꝶꝓ ² ⁊ĩð . ß dd tw 8 1 2 
e ß. Ae os PE P ERR 1 50 
Oceania: Australia... LL LLL ooo r4,877 7,799 9,241 
/⁵»;— AAA EEN r 45,256 51,808 57,072 
e Estimate. » Preliminary. r Revised. 


1 In addition to the countries listed, Southern Rhodesia may have continued to produce bauxite during the 
period covered by this table, but no information on bauxite mining activities, if any, are available since 1965. 


2 Dry bauxite equivalent of crude ore. 
3 Dry bauxite equivalent of ore dried. 


4 Excludes materials other than bauxite used for the production of alumina estimated as follows: Nepheline 


concentrates (25 to 30 
aluminum), 1968—70—980,000 tons annually. 


ercent aluminum), 1968—70—980,000 tons annually; and alunite ore (16 to 18 percent 


5 Estimates include only diasporic bauxite for production of aluminum; in addition 98,000 to 196,000 tons 


were produced annually for refractory applications. 
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Table 16.—Alumina: World production 
by countries 


(Thousand short tons) 


Country ! 1968 1969 1970 » 
North America: 
Canada a.. 1,100 1,100 1,240 
United States 12. 6,442 7,334 7,227 
Latin America: 
Brazil. `. 89 96 131 
Guyana 297 334 e 335 
Jamaica (exports)... 1,017 1,274 1,862 
urinam ee 983 1,066 ,100 
Europe 
nd... 1,135 1,219 » 1,240 
Germany, East 59 e 59 
Gern, any, West 718 749 835 
reec ed. 246 331 344 
Hungary........... 420 450 486 
Italy... su 324 322 334 
Norway e e 19 12 3 
Romania oa. 160 187 231 
United Kingdom e ` 100 100 100 
U. S. S. R.. 2,300 2,200 2,200 
Vugosla via 130 134 138 
Africa: Guinea 585 631 661 
Asia: 
China, mainland e 209 254 276 
India a 270 294 360 
Japans 911 1.173 1,416 
Taiwan 1 49 46 
Oceania: Australia 1.443 2,130 2,357 
Total... . 18,998 21,498 22,981 


e Estimate. P Preliminary. 

1 In addition to the countries listed, Czechoslovakia 
may produce limited quantities of alumina, but infor- 
mation is inadequate to make reliable estimates of 
output levels. Austria produces a small quantity 
(about 30,000 tons annually) of fused aluminum 
oxide, but this is excluded from the table because it is 
used solely for the production of abrasives. 

2 Includes Virgin Islands. 


World alumina production was increased 
7 percent to 23 million short tons in 1970. 
The United States, with 31 percent of the 
total output, remained the largest producer. 
The largest increases were at new facilities 
in Jamaica, Japan, and Australia. Australia 
became the second largest producer, sur- 
passing the estimated production of the 
U.S.S.R. 

Argentina.—Alto Parana Mining Co. an- 
nounced that it was producing alumina on 
a pilot plant scale using aluminous later- 
ites from Misiones Province. The company 
planned to complete a 100,000-ton-per-year 
alumina plant by the end of 1971. 

Australia.—Australia has approximately 
one-third of the world's known bauxite re- 
serves. The rapid development of these re- 
serves to meet a growing worldwide de- 
mand has been attributed to the political 
stability of Australia, the high level of its 
economic development, an educated labor 
force, the high grade of much of the ore, 
the occurrence of the bauxite in deposits 
amenable to large-scale operations, and the 
development of larger ore ships to reduce 
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the costs of transportation to other conti- 
nents. 

Comalco Industries Pty., Ltd., owned by 
Kaiser Aluminum & Chemical Corp. (45 
percent), Conzinc Riotinto of Australia 
Ltd. (CRA) (45 percent), and the public 
(10 percent), continued to increase its 
bauxite production at Weipa on the Cape 
York Peninsula, Queensland. Shipments, 
which totaled over 5.5 million long tons, 
were made to Japan, Europe, and North 
America, and to the alumina plants at 
Gladstone, Queensland, and Bell Bay, Tas- 
mania. Weipa is the largest bauxite-ship- 
ping port in the world, and the port facil- 
ities are being expanded. Production of 
abrasive-grade calcined bauxite was begun 
at a new 100,000-ton-per-year calcining 
plant at Weipa. 4 Comalco planned to con- 
struct a 770,000-short-ton-per-year alumina 
plant at Weipa by 1974. Subsequent ex- 
pansion of this plant to much greater ca- 
pacity was also planned. Production of alu- 
mina at the Gladstone plant of Queensland 
Alumina, Ltd., continued to increase as 
annual capacity neared 1.43 million tons at 
yearend. A further expansion of capacity 
to 2.24 million tons was scheduled for com- 
pletion by mid-1972. 

Bauxite production in the Jarrahdale 
area of the Darling Range, Western Aus- 
tralia, was increased to meet the needs of 
the alumina plant at Kwinana, which was 
expanded to a capacity of 1.37 million tons 
per year. The mines and plant are oper- 
ated by Alcoa of Australia (W.A) N.L. 
(formerly Western Aluminum N.L.) which 
is wholly owned by Alcoa of Australia, 
Ltd. The Kwinana plant supplied Alcoa’s 
Point Henry smelter in Victoria, but most 
of the alumina was exported to the United 
States, Japan, and other world markets. Al- 
coa’s second alumina plant in Western 
Australia was under construction at Pin- 
jarra. The plant will have a capacity of 
550,000 tons and was scheduled for com- 
pletion late in 1972. Alumina will be 
shipped from new port facilities at Bun- 
bury. 

AMAX Bauxite Corp. a subsidiary of 
American Metal Climax, Inc., continued 
exploration of bauxite deposits on the 
Mitchell Plateau in the North Kimberly 
District of Western Australia. The field 
work was said to have already demon- 


* Industrial Minerals. Weipa Adds to World 
Calcined Bauxite Capacity. No. 42, March 1970, 


pp. 35-37 


BAUXITE 


strated reserves of about 200 million tons 
of washed and screened ore averaging 47 
to 50 percent total alumina and 2.5 to 3.5 
percent total silica. The deposits average 
12 feet in thickness and have less than 2 
feet of overburden. AMAX planned to 
complete a 1.34 million-ton-per-year alu- 
mina plant by the end of 1974 at Port 
Warrender, about 15 miles north of the 
initial mining area. The project also in- 
cludes construction of ore transportation 
facilities, a port, a town, and other infra- 
structure. A consortium of companies capa- 
ble of consuming the alumina was being 
formed. This consortium was expected to 
include AMAX, Sumitomo Chemical Co., 
Ltd., and Showa Denko K.K. of Japan, 
Holland Aluminium N.V, of the Nether- 
lands, and Vereinigte Aluminium-Werke 
A.G. of West Germany. Twenty-five per- 
cent of the equity in the project was being 
reserved for Australian participants. 

Nabalco Pty. Ltd. expected to ship its 
first bauxite from Gove (also called Nhu- 
lambuy) , Northern Territory, by the mid- 
dle of 1971. The ore will be transported to 
the port from deposits about 13 miles 
away by conveyor belt. The new port will 
be able to handle large ore carriers, load- 
ing at a rate of 30,000 tons per day of 
bauxite or 20,000 tons per day of alumina. 
The alumina plant being constructed at 
Gove was expected to be in production in 
the second half of 1972 with an initial ca- 
pacity of 560,000 tons per year. Capacity is 
to be doubled the following year. 

At least three other bauxite-alumina 
projects in Australia were being studied 
during 1970. News, Ltd., and Broken Hill 
Pty. Co. Ltd. (BHP) were considering a 
joint venture to mine bauxite in the Dar- 
ling Range, Western Australia, and to pro- 
duce alumina. Reynolds Metals Co., three 
Japanses companies, and possibly other 
companies may participate in the project. 

Another consortium planning to mine 
bauxite from the Darling Range and to 
construct a large alumina plant involves 
Colonial Sugar Refining Co. Ltd. and Han- 
wright Iron Mines interests. Foreign com- 
panies may have also been asked to partic- 
ipate in this venture. 

Tipperary Land and Exploration Corp. 
of Texas and Holland Aluminium an- 
nounced that the Péchiney Co. of France 
had secured an option to acquire a 20-per- 
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cent interest in their consortium. Other 
companies may be added to this group, 
which reportedly had large bauxite re- 
serves on the Cape York Peninsula and 
was considering erection of an alumina 
plant. 

Ocean Resources N.L. began offshore 
prospecting for bauxite in the Gulf of Car- 
pentaria off Weipa in November. The 
company was investigating the possible 
continuation of the bauxite formation be- 
tween the Weipa and Gove deposits. 

Brazil.—Interest in the bauxite poten- 
tiality of the Amazon basin has continued 
high since the discovery of high-grade ore 
by Alcan Aluminium Ltd. near the conflu- 
ence of the Trombetas and Amazon Rivers. 
Alcan announced that mining and develop- 
ment rights had been granted by the Gov- 
ernment. Engineering was well underway 
at yearend, and construction of bauxite 
drying and shipping facilities was to begin 
in 1971. Initially, Alcan will be able to 
load at a rate of 3,000 tons per hour di- 
rectly onto ocean carriers for shipment to 
Canada. 

The bauxite mining to aluminum pro- 
duction complex of Cia. Mineira de Alu- 
minio (ALCOMINAS) near Pocos de 
Caldas, Minas Gerais, was put into opera- 
tion ahead of schedule. The alumina plant 
has an annual capacity of 55,000 tons. Alcoa 
owns 50 percent of ALCOMINAS. 


France.—Péchiney and Kaiser agreed to 
join in the construction of a 1.1-million- 
ton alumina plant at Dunkirk. The plant 
was expected to be completed in 1974, and 
its capacity may eventually be tripled. 
Government plans call for the development 
of port facilities at Dunkirk capable of 
handling 200,000-ton ore carriers. 


Germany, West.—Reynolds International, 
Inc. and Vereinigte Aluminium-Werke, as 
equal partners, formed a new company, 
Aluminiumoxid Stade G.m.b.H., to con- 
struct and operate an alumina plant near 
Stade, Lower Saxony. The first stage of 
construction will provide an annual rated 
capacity of 770,000 tons of alumina and 
was scheduled for completion in 1973. Fu- 
ture expansion may increase capacity to 2.3 
million tons. 

Swiss Aluminium Ltd. (Alusuisse) was 
planning a joint venture to build an alu- 
mina plant at Wilhelmshaven, Lower Sax- 
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ony, with an annual capacity of 1 million 
tons of alumina. Bauxite for this operation 
will probably come from Guinea. The 
plant is to be part of a large chemical 
complex which will also include a chlo- 
rine-caustic plant. 


Ghana.—Three groups were seeking per- 
mission to develop bauxite deposits in 
Ghana. The deposits in the Kibi Hills ap- 
peared to attract the greatest interest. Kai- 
ser, through its 90-percent-owned subsidiary 
Volta Aluminium Co., Ltd. (Valco), in- 
tended to build an alumina plant to 
supply Valco's Tema reduction plant if ad- 
equate bauxite reserves are available. Ja- 
pan's primary aluminum producers sent a 
survey team to Ghana to study. the bauxite 
resources and the feasibility of constructing 
an alumina plant. Proposals to develop a 
major aluminum complex were also said to 
have been submitted to the Government by 
a consortium comprised of Canadian, Brit- 
ish, Romanian, Netherlands, and Ghanaian 
interests. 


Greece.—Bauxite production increased 19 
percent in 1970 although exports declined 
slightly to about 1.2 million long tons 
valued at $9.6 million. The Government 


set the following export quotas for 
1971: European Economic Community 
(EEC) countries, 450,000 tons; U.S.S.R., 


450,000 tons, United States, 75,000 tons; 
other countries, 320,000 tons. 


Three companies, Parnassos Bauxite Min- 
ing Co., G. Barlos S.A., and Eleusis Bauxite 
Mines Inc. were all active in bauxite ex- 
ploration and drilling and in expanding 
bauxite mining and handling facilities. 
Parnassos claimed reserves of 150 million 
tons. The country’s proved bauxite reserves 
were estimated at 100 million tons, with an 
additional 200 million tons in the prob- 
able category. 

Alumina output rose to 344,000 short 
tons. Aluminium de Gréce, S.A. (ADG), 
owned 80 percent by Péchiney, accounted 
for all of the alumina output at its Aspra 
Spitia, Distomon plant. The capacity of 
this plant was being expanded. 

Guinea.—Construction of the infrastruc- 
ture for the huge Boké Bauxite Project 
met with delays, and initial shipments 
were not expected until the end of 1972. 
Among the bauxite processing equipment 
contracts that have been placed were or- 
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ders for three rotary dryers with a total 
daily capacity of 43,000 tons and a bauxite 
calcining kiln of 480-ton capacity. 


Several foreign concerns indicated inter- 
est in participating with the Government 
in developing other bauxite deposits in 
Guinea. The U.S.S.R., Yugoslavia, and Alu- 
suisse were considering deposits in the 
Kindia, Dabola, and Tougue regions. 


An expansion of the annual alumina 
production capacity at Compagnie Interna- 
tional pour la Production de l'Alumine 
(FRIA) to 770,000 tons was completed 
during the year. 

Guyana.—A strike over wages at Demer- . 
ara Bauxite Co., Ltd. (DEMBA), a subsid- 
iary of Alcan Aluminium Ltd. was averted 
in November by the intervention of the 
Prime Minister and the subsequent agree- 
ment by DEMBA and the mine workers’ 
union to submit the dispute to arbitration. 


Following much speculation that Guyana 
would attempt to acquire controlling inter- 
est in its bauxite and alumina operations, 
the Government announced in November 
that discussions for this purpose would be 
held with DEMBA beginning December 7. 
The Government sought majority interest 
(51 percent) and management control of 
the company, with assets to be valued at 
their written-down value for income tax 
purposes and payment for the acquisition 
to be made from future after-tax earnings 
of the enterprise. The discussions were still 
continuing at yearend. The Government 
indicated that it wanted similar discussions 
with Reynolds but no date had been set. 


Haiti.—Haiti Minerals Corp. of America 
announced that it had made arrangements 
with the Haitian Government through its 
Development Bank for the exploration and 
exploitation of bauxite throughout most of 
Haiti under 30-year concession agreements. 

Hungary.—The Government's new 5-year 
plan calls for bauxite production to be in- 
creased to 3 million tons per year by 1975. 
The new alumina production goal is 
800,000 tons per year. 


India.—The bauxite industry, assisted by 
the Geological Survey of India, re-evalu- 
ated its ore reserves in 1969. The following 
table summarizes the proved or indicated 
bauxite reserves recoverable by open pit 
mining methods at prevailing costs and 
prices, in million long tons. 


BAUXITE 


Als: 


Plus 50 45to50 Total 
percent percent 


Region and state 


„ region: 


ladhya Pradesh... 21.2 6.0 27.2 
Bihar FF 16.8 .2 17.0 
Orissa. ..........-- ; .6 1.5 
Total ciao 38.9 6.8 45.7 
Southern region: 
Tamil Nadu........ 6 10.0 10.6 
Mysore 2 4.9 5.1 
Kerala. 1.9 1.9 
Total. 8 16.8 17.6 
Western region: 
Maharashtra E 12.9 51.7 64.6 
Gujar at 11.7 6.3 18. 0 
otal 24.6 58.0 82.6 
Jammu and Kashmir. 1.8 9.8 11.6 
Grand total 66.1 91.4 157.5 


Indian Aluminium Co. Ltd., began op- 
erations at a new alumina plant at Bel- 
gaum, Mysore. The plant will use bauxite 
from mines in the State of Maharashtra 
about 35 miles away. 

Indonesia.—P. N. Aneka Tambang, a 
state mining company, increased its baux- 
ite production on the island of Bintan by 
60 percent. Improvements in the harbor 
facilities enabled the company to export 
1.1 million tons of bauxite. About 86 per- 
cent of the exports went to Japan, and the 
remainder was shipped to Canada and Eu- 
ropean customers. Aneka Tambang re- 
ceived $5.70 per ton, based on 53 percent 
alumina. Three Japanese aluminum pro- 
ducers were studying the feasibility of 
building an alumina plant on Bintan. 

In November Alcoa announced that its 
wholly owned subsidiary, P.T. Alcoa Min- 
erals of Indonesia, had discovered bauxite 
along a 300 kilometer belt extending from 
the Kapaus River southeast to the Djelai 
River in southwest Kalimantan (Indone- 
sian Borneo). The reserves appeared ade- 
quate to support an alumina plant, but 
confirmation will require at least a year of 
additional exploration and testing. 

Jamaica.—Construction was underway to 
add 1,450,000 tons per year of new or ex- 
panded alumina capacity by the latter half 
of 1972. 

Revere Jamaica Alumina, Ltd. (Revere 
Jamaica), a subsidiary of Revere Copper & 
Brass Corp., Inc., a producer of primary 
aluminum in the United States, expected 
to complete construction of the 220,000- 
ton-per-year first stage of an alumina pro- 
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duction plant. The ultimate planned ca- 
pacity of the plant is 660,000 tons per year 
and is scheduled to be ready by 1977. As 
part of its agreement with the Government 
of Jamaica. Revere Jamaica also may pur- 
chase and lease bauxite lands with suffi- 
cient reserves to provide bauxite for the 
plant. 

Alcoa Minerals of Jamaica, Inc., an 
Alcoa subsidiary, experienced some work 
stoppages on construction of its 880,000- 
ton-per-year alumina plant because of 
labor problems. The plant, which is being 
built at Woodside in Clarendon Parish 
and was originally scheduled for comple- 
tion in 1971, was expected to be ready by 
1972. 

An additional 350,000 tons per year of 
alumina capacity was under construction at 
the 950,000-ton-per-year plant of Alumina 
Partners of Jamaica, Ltd. (Alpart) , at Nain 
in St. Elizabeth Parish. Alpart is owned by 
Anaconda (36.8 percent), Reynolds (36.8 
percent), and Kaiser (26.4 percent) —all 
primary producers in the United States. 

A 51,000-ton self-loading bauxite ship, 
probably the world's largest, was put into 
service by Reynolds to transport bauxite 
from Jamaica to the United States. 

Japan.—Three aluminum companies, 
Nippon Light Metal Co., Showa Denko, 
and Sumitomo accounted for all of the 1.4 
million tons of alumina produced in 
Japan. Australia, Indonesia, and Malaysia 
were the principal suppliers of the bauxite 
used for alumina. Mitsui Alumina Co. was 
proceeding with plans to construct an alu- 
mina plant in southwestern Japan and ex- 
pected to be in production in the latter 
part of 1972. 

Malagasy Republic.—Péchiney reported 
that the deposits it located at Mananten- 
ina in the southeast part of the island 
probably contained over 70 million tons of 
bauxite. 

Malawi.—A consortium including the 
Government, Lonrho Ltd., and Portuguese 
interests was studying the feasibility of 
producing alumina and aluminum using 
bauxite from Mount Mlanje in Southern 
Malawi. The deposits were believed to 
contain 60 to 100 million tons of material 
averaging 43 percent alumina. The devel. 
opment of low-cost hydroelectric power in 
this area was a major stimulus to renewed 
interest in these deposits. 

Mexico.—The Secretary of National Pa- 
trimony reported the discovery of a bauxite 
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deposit near the city of Villa Juarez, State 
of Puebla. Preliminary tests conducted by 
the Government indicated that the ore is 
amenable to the standard alumina extrac- 
tion process with only slight modifications. 


Guanos y Fertilizantes de Mexico, S.A, 
planned to build a plant at Salamanca, 
Guanajuato, to produce aluminum salts 
and fertilizers from alunite using a new 
ammonia-sulfur process. 5 According to de- 
velopers of the process, the plant will be 
able to produce 4,400 tons of 99-percent 
pure alumina annually at costs competitive 
with plants using bauxite. 


Poland.—Two alumina plants designed 
to use raw materials other than bauxite 
were reported under construction. 6 A 
330,000-ton-per-year plant to use an acid 
process on clay was being built between 
Glogov and Lobin. The other plant, lo- 
cated near Kielce, will have an annual 
capacity of 100,000 tons and will produce 
alumina and cement by sintering and de- 
composing coal schists and marl. | 


Solomon Islands (British) .—Mitsui Min- 
ing and Smelting Co. Ltd., British Solo- 
mon Islands Protectorate (BSIP) contin- 
ued exploration and planning for a bauxite 
mine on Rennell Island. Output would be 
shipped to Japan. 


Surinam.—Bauxite exports declined ap- 
proximately 7 percent, and alumina ex- 
ports rose 4 percent. Exports of both prod- 
ucts might have been greater than they 
were had it not been for shipping difficul- 
ties attributed to a customs and dockwork- 
ers Slowdown in November and December. 
The bauxite exports included 284,000 long 
tons of calcined bauxite. Over 90 percent 
of the total bauxite and 284,000 short tons 
of alumina were shipped to the United 
States. 


Alcoa has agreed to join with Péchiney 
in a plan to mine bauxite in French 
Guiana and convert it to alumina in the 
plant of Alcoa’s subsidiary, Suriname Alu- 
minum Co. (Suralco), at Paranam, Suri- 
nam. The plan, which was subject to the 
approval of the French Government, would 
require an expansion of Suralco’s plant 
sufficient to produce up to 500,000 tons of 
alumina from French Guiana ore. 


The Government heard proposals from a 
number of foreign aluminum producers to 
develop the bauxite deposits in the Bak- 
huys Mountains in western Surinam. In 
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July, the Government and Reynolds Metals 
Co. signed a statement of intent covering 
two projects. One project calls for 50-50 
participation by Reynolds and a govern- 
ment development corporation in the ex- 
ploration and mining of bauxite in the 
Bakhuys Mountains, the production of alu- 
mina, and, if a power source is ultimately 
developed, the construction of reduction 
facilities. The Government corporation has 
the right of first refusal on the develop- 
ment of new power sources by Surinam. 
Reynolds will provide day-to-day manage- 
ment of the project, while the Government 
will provide rail transportation to deliver 
bauxite to an alumina plant which will be 
constructed at Apoera, the dredging of the 
Corantijn River to enable barging of the 
alumina to the coast, and land for town- 
sites. The alumina plant will have an ini- 
tial annual capacity of at least 200,000 
tons. The second project involves explora- 
tion and development work by Reynolds 
in the Coppename River area. The Gov- 
ernment has an option to participate in 
any alumina or reduction plants that are 
built in connection with this project. 


U.S.S.R.—According to reports in the So- 
viet press, the large alumina plant at 
Achinsk in Siberia was completed after a 
long history of construction. " The plant 
has a capacity of 882,000 tons per year and 
uses nephelite as its source of alumina. 
The ore is mined at Belogorsk, 110 miles 
to the southwest. Achinsk was chosen as 
the plant site reportedly because it is near 
large deposits of limestone, which is 
needed in the alumina process. Achinsk is 
located on the Trans-Siberian Railroad 
and much closer to reduction plants in 
eastern Siberia than the alumina plants in 
the Urals. 


Yugoslavia.—New bauxite discoveries 
were reported near Obrovac on the Dalma- 
tion coast and near Vlasenica northeast of 
Sarajevo. An alumina plant of 200,000-ton- 
per-year capacity was expected to be com- 
pleted in Bosnia-Hercegovina in 1972, and 
a plant of 300,000 to 600,000 tons was 
being planned for the Obrovac-Zadar area. 


5 Parkinson, Gerald. Low-Grade Alunite Yields 
Alumina and Fertilizers Too. Chem. Eng., v. 78, 
No. 9, Apr. 19, 1971, pp. 83-85. 

6 Metals Week. Aluminum, 
Major Alumina Plant. V. 41, No. 8, 
1970, p. 6. 

? Work cited in footnote 6. 
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TECHNOLOGY 


The procedures used to strip 140 feet of 
overburden and obtain stabilization of 
spoil banks at the bauxite pits of Reynolds 
Mining Corp. in Arkansas were described.8 

A patent was issued covering a method 
for the continuous digestion of bauxite 
with a sodium aluminate lye in a reaction 
tube. 2 The process may be used in the 
new alumina plant to be constructed near 
Stade, West Germany. Other patents were 
issued on new methods of removing im- 
purities in Bayer process liquors. 1% The 
Bureau of Mines reported that alumina 
could be recovered from blends of high- 
alumina materials and aluminum silicate 
materials by the lime-soda sinter process 
with minimum alumina and soda losses 
and no gelation if alumina-to-silica mole 
ratios are 0.90 or greater.11 

The National Materials Advisory Board 
issued a report reviewing the most promis- 
ing domestic raw materials and processes 
for obtaining alumina from other than 
commercial bauxite.12 The report con- 
cluded that the most promising method 
appeared to be an acid process for the 
treatment of clay. The report recom- 
mended that the Bureau of Mines build 
and operate pilot plants to test a hydrochlo- 
ric acid process and a nitric acid process 
and that the Bureau and others continue 
research on the use of the dawsonite de- 
posits associated with oil shales. The Bu- 
reau’s estimates based on available data 
indicated that operating costs using 
hydrochloric or nitric acid processes to re- 
cover alumina from clay would be 25 to 35 
percent more than the Bayer process treat- 
ing bauxite and that fixed capital costs 
would be 65 to 75 percent more than 
Bayer process facilities.13 Analytical results 
for nahcolite, dawsonite, extractable alu- 
mina, and oil yield for samples of Green 
River Formation oil shales from Colorado 
were published to permit evaluation of the 
deposit for possible production of shale oil, 
alumina, and soda ash.14 

Efforts were continued to find methods 


of using the red mud residues generated in 
the Bayer process production of alumina 
from bauxite. 15 Using a carbon-lime-soda 
sinter process to treat the muds, the Bu- 
reau of Mines was able to recover 85 to 90 
percent of the alumina values and about 
80 percent of the iron. A product contain- 
ing 96 percent titania was subsequently 
obtained from Surinam red mud sinter by 
extraction with H280,. Using an electric- 
arc furnace process, iron recoveries up to 
98 percent were achieved, and alumina re- 
coveries up to 84 percent were obtained by 
leaching the slags and NazCOz solution. The 
leached slags are possible raw materials for 
making portland cement. A foaming proc- 
ess was also developed to use colloidal red 
mud wastes for the production of light- 
weight building materials.16 


8 Buturala, Frank J., and Robert A. Tinstman. 
Multiple Lift Stripping. Min. Cong. J., v. 56, 
No. 10, October 1970, pp. 55-58. 

9 Tusche, K. J. (assigned to Vereinigte Alumin- 
ium-Werke A.G.). Method for Continuous Ex- 
traction of Bauxite in a Tubular Reactor. U.S. 
Pat. 3,497,317, Feb. 24, 1970. 

10 Cook, G. W. (assigned to Reynolds Metals 
Co.). Removal if Iron from Domestic Bauxite 
Liquor. U.S. 1 3,493,327, Feb. 3, 1970. 

Mercier, H., and Cohen, J. (assigned to Péchi- 
ney- Compagnie des Produits Chimiques et Elec- 
trométallurgiques). Process for Purification of So- 
dium Aluminate Liquors. U.S. Pat. 3,512,926, 


May 19, 1970. 

11 Lundquist, R. V., and D. D. Blue. Role of 
Alumina-to-Silica Mole Ratio in the Lime-Soda 
Sinter Process. BuMines Rept. of Inv. 7434, 1970, 

pp. 

12 National Materials Advisory Board. Processes 
for Extracting Alumina from Nonbauxite Ores. 
Nat. Acad. Sci-Nat. Acad. Eng. Washington, 
D.C., NMAB-278, December 1970, 105 pp. 

13 Peters, F. A. Clay, a Raw Material for Alu- 
ue ¿Aron Age, v. 206, No. 13, Sept. 24, 1970, 

6 

PF. Young, Neil B., and John Ward Smith. Daw- 
sonite and Nahcolite Analyses of Green River 
Formation Oil-Shale Sections, Piceance Creek 
Basin, Colo. BuMines Rept. of Inv. 7445, 1970, 


2 pp. 

15 Ban, T. E. (assigned to McDowell-Wellman 
Engineering Co.). Gas-Solid Reaction. U.S. Pat. 
3,495,973, Feb. 17, rd 

Fursman, Oliver James E. Mauser, M. O. 
Butler, and W. A. es Utilization of Red 
Mud Residues From Alumina Production. Bu- 
Mines Rept. of Inv. 7454, 1970, 32 pp. 

16 Nakamura, H. H., S. A. Bortz, and M. A. 
Schwartz. Use of Bauxite Wastes for Lightweight 
Building Products. Ceramic Bull., v. 50, No. 3, 
March 1971, pp. 248-250. 
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Beryllium 


By Robert A. Whitman ! 


The beryllium industry of the United 
States became independent of beryl ore as 
its sole raw material source, The new ber- 
trandite mine opened in Utah in 1969 
completed it first full year of production 
and successfully established the availability 
of beryllium from a nonberyl ore. Al- 
though the industry will continue to im- 
port beryl to satisfy part of the domestic 
requirements, the new mine has ample re- 


and increased utilization of the metal and 
its alloys in the aerospace, computer, and 
communications industries. 

Legislation and Government Program.— 
Government yearend stocks of beryl, be- 
ryllium-copper master alloy, and beryllium 
metal are shown in table 2. Government 
inventories of beryl decreased 2,095 short 
tons during 1970, as a result of the sales 
from the Government stockpile. 


serves and capacity to support the entire 
domestic industry. Further expansion will 

1 2 ° . . ° ° A 
depen d upon the recov ery S£ thececon omy „ scientist, Division of Nonferrous Me 


Table 1.—Salient beryllium mineral statistics 


1966 1967 1968 1969 1970 p 
United States: 
Beryl, approximately 11 percent BeO: 
Shipped from mines short tons. - W W 168 W W 
ImDOris. A do.... 2,147 9,511 3,822 6,422 4,942 
Consumption do.... 6,026 7,087 9,244 18,483 19,511 
Price, «d ae mata; per unit BeO imported, 
cobbe ryl at s of exportation $25 $30 $34 $37 $35 
Bertrandite ore: Utah, low-grade, shipped from mines 
short tons W W 
World production of ber yl! do.... 4,549 5,442 7,242 8,834 8,197 


p Preliminary. W Withheld to avoid disclosing individual company confidential data. 
1 Includes some bertrandite ore which was calculated as equivalent beryl containing 11 percent BeO. 


Table 2.—Government yearend stocks of beryllium materials 
(Short tons) 


National Supplemental 
Material stockpile stockpile All stocks 
Beryl (11 percent BeO): 
ei A ansam LE 13,622 1,593 15,215 
e EE 2,585 3,141 5,726 
DOUG sees O ee oe AA 16,207 4,734 20,941 
Beryllium-copper master alloy: 

A A « ] ⁵ ð ß ꝰ O A essc 4,750 4,750 
Pw! A E sS 1,075 1,562 2,637 
LOLA ist oe eS 1,075 6,312 7,387 

Beryllium metal: 
e AAA A . Nm 150 150 

loc. RC" c 79 79 
o oie ewe dd ADAE. ¿SZ 229 229 

Source: Office of Emergency Preparedness. Statistical Supplement Stockpile Report to the Congress 


OEP-4, July-December 1970. 
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DOMESTIC 


Production of beryllium metal and be- 
ryllium oxide was less in 1970 than in 
1969. There was some increase in the pro- 
duction of beryllium copper alloy, which 
resulted from an increase in exports to Eu- 
rope. 

The first mine to produce a beryllium 
concentrate from ore other than beryl 
completed its first full year of operation in 
1970. The Brush Beryllium Co. processed 
bertrandite ore from its Roadside mine to 
beryllium hydroxide at a mill near Delta, 
Utah. The beryllium hydroxide was then 
shipped to company plants in Ohio for 
further processing into metal, alloys, and 
compounds, Industry now has developed a 
domestic source of beryllium with reserves 
sufficient to allow long-term planning for 
use of the metal. 

Kawecki Berylco Industries, Inc. (KBI) 
used mostly imported beryl as a raw mate- 
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PRODUCTION 


rial in 1970. KBI installed new vacuum in- 
duction melting furnaces and semicontin- 
uous direct-chill casting units for beryllium 
copper and other alloys at its Reading 
plant. A new rolling mill can handle hot 
or cold metal sheet; the metal can be 
rolled to wider widths than previoulsy 
available. The research department was ex- 
panded, and a new isostatic press, that can 
produce larger high-density beryllium parts 
from shaped powder charges, was installed 
at Hazelton. 

The Anaconda Co. mine test work on 
beryllium claims in Utah discontinued 
during 1970. 

Production data on domestic beryllium 
raw materials and on beryllium metal, al- 
lovs, and compounds are withheld from 
publication to avoid disclosing individual 
confidential data. 


CONSUMPTION AND USES 


The berylium and ceramic industries 
consumed 9,511 tons of beryl, including 
some nonberyl ore calculated to the beryl 
equivalent. Kawecki Berylco Industries, 
Inc., at Reading and Hazelton, Pa., and 
The Brush Beryllium Co., at Elmore, 
Ohio, used beryl to produce beryllium 
metal, alloys, and compounds. The Brush 
Beryllium Co. also used beryllium hydrox- 
ide derived from its bertrandite mining 
and processing facilities near Delta, Utah, 
for the same purpose. 

Lapp Insulator Co., LeRoy, N.Y., and 
Champion Spark Plug Co., Detroit, Mich., 
used beryl for ceramic purposes. General 
Astrometals Corp., Yonkers, N.Y., fabri- 
cated beryllium components from scrap 
and ingot beryllium. 

The U.S. Atomic Energy Commission 
awarded 52 contracts for beryllium parts 


and materials totaling $3.5 million during 
fiscal year 1970. By comparison, they 
awarded 123 contracts valued at $4.7 mil- 
lion during fiscal year 1969.2 

The Brush Beryllium Co. received the 
initial orders for beryllium brake compo- 
nents for the new S3A antisubmarine air- 
craft and the Fl4 advance fighter plane 
being built for the U.S. Navy. 

Beryllium copper alloy continued to con- 
sume the major share of beryllium. An 
increase in exports helped to counteract a 
downtrend in domestic BeCu alloy sales 
during 1970. 

Statistics on the recovery of beryllium 
from scrap, though incomplete, show that 
71 tons of beryllium were recovered from 
beryllium copper alloy mill scrap and 2 
tons were recovered from old alloy scrap. 


STOCKS 


Consumers’ stocks of hand-sorted beryl 
at yearend totaled 5,698 tons, compared 
with 5,936 tons at yearend 1969. Dealers’ 
stocks of beryl are not reported. Stocks of 


bertrandite ore are company confidential 
data. 


2U.S. Atomic Energy Commission. The Nuclear 
Industry—1970, pp. 102-104. 
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PRICES AND SPECIFICATIONS 


Domestic beryl prices are negotiated be- 
tween producers and buyers and are not 
quoted in the trade press. The published 
nominal price of imported beryl, with 10 
to 12 percent BeO, c.i.f. Philadelphia, Pa., 
was $42 to $45 at the beginning of 1970.3 
By May, the market quote was $37 to $45. 
By the end of September, the market had 
further weakened; the quote was $37 to 
$40. This held to the end of the year. 

Prices were published for various forms 
of beryllium metal, delivered, with 98-per- 
cent-pure powder at $54 to $66 per pound, 
14-inch-diameter rod at $83 per pound, 
and billet at $70 per pound throughout 
the year. These prices were unchanged 
from 1969. In December a price of $102 
per pound was quoted for 5-inch diameter 
rod. 


Beryllium copper master alloy (4 percent 
beryllium) in 5-pound ingots was quoted 
at $50 per pound of beryllium content after 
January, a $1 raise from 1969. This price 
continued throughout 1970. Alloy No. 25, 
in strip, rod, bar, and wire form, contain- 
ing 2 percent beryllium, was reported at 
$2.91 per pound at the first of the year. 
The price was increased to $3.01 on Janu- 
rary 26 and $3.05 on April 13. By August 
31, the quote dropped to $3; by October 
27 to $2.96; and by December 3 to $2.93. 
Casting ingot containing 2 to 2.25 percent 
beryllium in 5-pound ingots was quoted at 
$2.03 per pound during January; at $2.08 
on January 26; at $2.12 on April 13; at 
$2.07 on August 31; at $2.03 on November 
27; and at $2 on December 3. 


FOREIGN TRADE 


Beryllium exports increased 43 percent 
in quantity and 62 percent in value over 
1969. This increase in exports of unwrought 
and wrought beryllium metal, beryllium al- 
loys, and beryllium waste and scrap was 
due largely to increased use of beryllium 
copper alloy in Europe. The export gain, 
together with a decrease in imports, re- 
sulted in a saving of nearly $1 million in 
foreign exchange in contrast with 1969. 


In addition to the imports listed in 
table 4, there were also 18 pounds of be- 
ryllium compounds valued at $13,282; 
5,956 pounds of unwrought beryllium, 
waste and scrap valued at $383,185; and 
1,138 pounds of wrought beryllium valued 
at $77,221, all imported from France. 


3 Metals Week, V. 41, Nos. 


December 1970. 


1-52, January- 


Table 3.—U.S. exports of beryllium alloys, wrought or unwrought, and waste and scrap 1 


1969 1970 
Country Value Value 
Pounds (thousands) Pounds (thousands) 
Austria SS Eeler de 524 SÁ. — ë ius Pula 
Belgium-Luxembourg. ..............---.-- 31 "QNUM I I n 
¡IEA foe RAE . E Ren 77 $4 
Canada: sona da 7,086 48 11,340 50 
Denmark... sl uu 8 67 1 140 8 
RER 4,446 230 9,050 295 
Germany, Wee 4,686 39 960 121 
[ñ A . E 44 bP ‘Stee, LL omi 
E OT yt dra yeh bo 15 1 17 (2) 
(bot A mts 1,809 10 44 1 
A AN 2,298 72 8,671 226 
Korea, Republic of... ooo eos a 8 1 
Ch alo ud a RIE ae, ĩ ᷣᷣͤyV “aia 500 2 
Netherlands. 2,179 13 347 2 
New Zealand... . y ²] ] I — „ 16 (2) 
ef LEES 44 2 
Sweden 13 r es 
Switzerland_________.__._____________ Le 2,387 (2) 
United Kingdom 3,366 159 10,131 814 
ugs... ewer (2) 
Totalo . A aos 28,951 630 41, 353 1,021 


1 Consisting of beryllium lumps, single crystals, and powder; beryllium-base alloy powder; and beryllium 


rods, sheets, and wire. 
2 Less than 2% unit. 
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Table 4.—U.S. imports for consumption of beryl, by customs district and countries 


1969 1970 
Customs district and country Value Value 
Short tons (thousands) Short tons (thousands) 
Philadelphia district: 
ere 17 SC west. sl 
Argentinnn„kekn. 4 600 227 275 3107 
Ar ⁰üw¹¹a leew cuss 13 6 61 26 
1: ⅛˙—‚»-0.; d oti da eee a 4,098 1,695 3,411 1,340 
Burundi-Rwanda......................... 148 55 50 18 
; ⁵ðDſſ ³ð 8 70 22. Raz 
y MMC 44 11111 ⅛ 
Malagasy ene A Ree 78 27 34 11 
rn . Suara 11 J CC tC 
Mozambique 69 30 171 67 
Portugal... ac2nelocasteeseobuesecetesrEs 94 44 21 10 
HROmanie4- o od ð y yd A "lec. O aec 25 8 
South Africa, Republic o 691 308 294 101 
JT E AA E 3 T. — a ee 
RHEIN Eeer Ae 22 dt uses 
United Kingdom. ....................-..- 6 Qo ula "ús 
A ESA 295 117 878 132 
tern Africa, per... e e 23 10 
OVAL ra aaa 6,254 2,578 4,744 1,830 
New York City district 
q "EECH 165 68 
urundi- Rwanda 22 hr 
South Africa, Republic of .---------- 12 FEE ER 
%%%CSꝙœ ³ͤͥͤ0ͥ ³˙ü h ⁰⁰m cu . .-. . uim 33 13 
J%%%%ö˙%% ·ĩ-ĩo· . et Ars 34 13 198 81 
Baltimore district 
Brazil: ovario ³˙¹¹ꝛAA ia oia 40 1J % —— sss 
Mosambique 27 ü ae 
USADOS oca a 67 20 pepes ésas 
d EE 134 DU «tice. — xz 
Boston district: France... eee ee... oen- (1) 1 
Grand total ositos sw 6,422 2,648 4,942 1,912 
1 Less than Le unit. 
WORLD REVIEW 
India.—India, through its Department of Uganda.—The total production 


Atomic Energy, has continued geological ex- 
ploration directed toward the establish- 
ment of accurate beryl reserve data. In ad- 
dition, improvement of the Government's 
stockpile program for beryl continued. All 
statistics relating to mine development, ex- 
ploration, and trade were confidential be- 
cause India classified beryl as a mineral 
strategic to its national defense. 


Uganda was divided among 80 separate 
mining operations. This gave an average 
per mine of 4 tons annually. Operations of 
this size are unable to sustain a develop- 
ment program; this makes calculation of 
reserves very difficult. 


* Bureau of Mines. Mineral Trade Notes. V. 
67, No. 11, November 1970, p. 8. 
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Table 5.—Beryl: 
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World production, by countries 1 


(Short tons) 

Country 1968 1969 1970 p 
KE AT A ꝛ˙²˙õ.3;«˙ EE 654 571 e 570 
EE 17 e2 
Braille ee ene d do sala ia aliada 22,291 23,964 e 3,500 
Congo (Kinshasa). . /d 160 143 
.. ⁵ r 1,450 1,450 1,450 
/f! ⁵ĩð2ĩ—dd. A ͤͤ On ³o· / e La t 12 3 4 
Malagasy Republic_ ee 85 83 57 
ENEE EENEG 105 134 36 
Fr EE 141 82 15 
Rhodesia, Southern 397 e 100 e 100 
Rwanda MAA y 164 294 e 300 
South Africa, Republic of eee 340 345 355 
¿A te y K E 398 316 285 
U SS A ieee 7] - ]ð . A 1,320 1,380 1,380 

United States (mine shipment) 168 W 
P11! teats r 7,242 r 8,834 8,197 

e Estimate. p Preliminary. r Revised. W Withheld to avoid disclosing individual company data. 


1 In addition to the countries listed, the Territory of South-West Africa also may have produced beryl, but 
mineral production of this area has not been officially reported since 1966, and no reliable information is avail- 


able as a basis for estimating output. 
2 Exports. 
3 U.S. imports. 


TECHNOLOGY 


A report was published on the labora- 
tory preparation of high-purity beryllium 
metal by a Kroll type process, which uses 
sodium as a reductant. Crude commercial 
beryllium chloride was purified, then va- 
porized and reacted at the controlled rate 
with molten sodium to form beryllium 
sponge. The sponge was then purified by 
vacuum distillation, wet ball-milled to a 
fine powder, and consolidated by isostatic 
pressing. Evaluation of the resulting pow- 
der-metal specimens indicated that the be- 
ryllium produced was of higher purity than 
comparable commercial grades of the metal 
with more ductility though of somewhat 
less strength.5 

Much of the research and development 
work on beryllium is concerned with fabri- 
cation and structural applications. The Ed- 
itorial Committee for the Beryllium Con- 
ference held in Arlington, Va., in March 
1970 recommended that all the available 
enginering and design information be pub- 
lished in a beryllium handbook.s Appar- 
ently all the information and experience 
that is required to produce reliable hard- 


ware in production quantities is extant but 
has not been readily available to industry. 

Other material published during the 
year included a final report on the pro- 
gram to determine the application of be- 
ryllium to turbine engine components; 7 
an investigation of the economics of hot 
isostatic pressing of beryllium parts in pro- 
duction quantities;s and a study of the 
effects of spark machining on beryllium.® 


5 Campbell, Thomas T., R. E. Mussler, and F. 
E. Block. Kroll Process Beryllium. Met. Trans. V. 
1, No. 10, October 1970, pp. 2881-2887. 

6 National Materials Advisory Board. Overview 
of Beryllium Conference. Proceedings of the Be- 
pum. Conference. V. 1, NMAB-272, July 1970, 
pp. 1-7. 

"Young, J. H. Application of Beryllium to 
Turbine Engine Components. Final Report 
AFAPL-TR-69-93, Aircraft Engine Group, Gen- 
eral Electric Co., Evendale, Ohio. Contract AF 
33(615)-2241, August 1970. 

8 Lidman, W. G., and F. K. Younger. Hot 
Isostatic Pressing of Beryllium. National Materials 
Advisory Board. Proceedings of the Beryllium 
oda aaa V. 1, NMAB-272, July 1970, pp. 

9 Brewer, A. W. Spark Machining of Beryllium. 
Rocky Flats Division, Dow Chemical Co., Golden, 
Colorado, Contract AT(29-1)-1106, Microstruc- 
tures, pp. 25-28 (August/September 1970). 
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Bismuth 


By Lester G. Morrel! : 


Responding to a generally tight supply 
and high price, the worldwide uptrend 
in bismuth production continued through 
1970. The three domestic bismuth refiners 
reported total output slightly above that of 
1969, thus contributing to the 1970 record 
high world output. Despite general imports 
of nearly 1 million pounds of metallic bis- 
muth and deliveries totaling 553,000 
pounds from Government stocks, U.S. con- 
sumption of bismuth in 1970 fell approxi- 
mately 500,000 pounds below the average of 
the preceding 5 years. Consumer and 
dealer stocks increased from 598,000 to 
over 722,000 pounds during the year, and 
total exports .of bismuth, bismuth alloys, 
and waste and scrap, principally to West 
Europe, were more than double those of 
1969. 

Legislation and Government Programs. 
—The General Services Administration 
(GSA) as authorized under Public Law 
90-153 enacted November 30, 1967, contin- 
ued disposal of surplus Government stocks 
of bismuth at the rate of 150,000 pounds 
each calendar quarter. Sales were at cur- 
rent market price, which remained 
throughout the year at $6 per pound, in 
ton lots; and at $6.05 per pound in quan- 
tities of 500 to 1,999 pounds. Purchas- 


ers had to agree that the bismuth was for 
domestic consumption and that exports 
would not exceed the smallest quantity ex- 
ported in any of the three preceding quar- 
ters. Sales in each of the first three quar- 
ters were close to the authorized limit, but 
in the final quarter amounted to only 
104,000 pounds. Total shipments from 
Government stocks in 1970 amounted to 
553,000 pounds. As of December 31, 1970, 
there was a 250,954-pound uncommitted ex- 
cess to the 2.1-million-pound bismuth 
stockpile objective. 

The Office of Minerals Exploration 
(OME), U.S. Geological Survey, continued 
to offer financial assistance in the form of 
a loan of up to $250,000 for 75 percent of 
bismuth exploration costs. 

Federal income tax laws provide a 23- 
percent depletion allowance to domestic 
bismuth producers, and a 15-percent allow- 
ance to U.S. companies producing from 
foreign sources. 

During the year the Bureau of Mines 
published a brief analysis of U.S. bismuth 
supply availability and outlook.2 


S Mining engineer, Division of Nonferrous Met- 
als. 

2 Persse, Franklin H. Bismuth in the United 
States. BuMines Inf. Circ. 8439, 1970, 26 pp. 


Table 1.—Salient bismuth statistics 


(Pounds) 
1966 1967 1968 1969 1970 

United States: 

Consumption. . 3,199,321 2,513,652 2,347,768 2,531,959 2,209,641 

BXDOPMSi.. ß 89,382 152,684 120,466 447,931 10,275 

Imports, general.......................- 1,681,472 1,379,729 1,265,671 894,804 997,924 

Price: New York, average ton lots $4.00 $4.00 $4.00 $4.63 $6.00 

Stocks Dec. 31: Consumer and dealer 651,800 659,600 621,500 597,901 2721,714 
World: Produetion. nnn 6,861,000 7,441,000 $8,312,000 8,460,000 8,918,000 


1 Includes bismuth, bismuth alloys, and waste and scrap. 


2 Consumer stocks only. 
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DOMESTIC PRODUCTION 


Most of the domestic production of bis- 
muth is as a refinery byproduct of cop- 
per, lead, and zinc ores. The bulk of U.S. 
production from such primary materials 
was recovered at the Omaha, Neb., plant 
of American Smelting & Refining Co. and 
the East Chicago, Ind., plant of United 
States Smelting, Refining & Mining Co. AI- 
though details are not available, more 
than half of the domestic output of bis- 
muth has probably been derived from 
processing imported raw materials. Bis- 
muth recovery from scrap, alloys, chemi- 
cals, spent catalysts, and other secondary 
sources accounts for about 5 to 8 percent 
of U.S. annual production. A relatively 


small quantity of metallic bismuth pro- 
duced at Franklin Park, Ill., by United Re- 
fining & Smelting Co. has been from sec- 
ondary materials. 

Because of the limited number of 
producers, data regarding U.S. refinery out- 
put of bismuth are withheld. Statistics on 
mine production have never been systemat- 
ically recorded. However, a Bureau of 
Mines study 3 covering 10 Western States 
yielded estimates of 590,000 to 750,000 
pounds annually in 1962-66. Recoverable 
U.S. reserves (measured, indicated, and in- 
ferred) of bismuth, associated with copper, 
lead, and zinc ores were put at 26.4 mil- 
lion pounds. 


CONSUMPTION AND USES 


Consumption of bismuth, faced with a 
tight supply and high price, decreased 
about 13 percent, compared with 1969, to 
2.2 million pounds. Requirements for 
chemical compounds for pharmaceutical, 
cosmetic, and other uses were 67, 500 
pounds below the 1969 level of 1.25 mil- 
lion pounds. Metallurgical uses also de- 
clined in 1970 to 1.02 million pounds, 
about 80 percent of the previous year’s 
total for this category. Reflecting lower re- 
quirements by the automotive and aircraft 
industries, consumption of bismuth in 
low-melting-point alloys and metallurgical 
additives was down respectively 14 and 29 
percent. 

Among the wide variety of bismuth 
chemical applications, cosmetics containing 
bismuth oxychloride, which imparts a 
“pearlescent” glow to eye shadow, hair 
spray, lipstick, nail polish, and powders, 
comprised the largest end-use market in 
1969 and 1970. The continued annual con- 
sumption of around 600,000 pounds of bis- 
muth in cosmetics is subject to the uncer- 
tainty of fashion trends. Pharmaceutical 
uses of bismuth call for a score or more 
compounds used in astringents, antiseptics, 
antacids, and numerous other medicinals. 
Annual pharmaceutical usage has been es- 
timated at about 350,000 pounds. The use 
of bismuth chemicals as catalysts in the 
U.S. petrochemical and synthetic fiber in- 
dustries has been declining since 1965 


when nonbismuth catalysts were intro- 
duced. 


Manufacture of low-melting-point bis- 
muth-lead alloys accounted for the princi- 
pal metallurgical use of bismuth in 1969 
and 1970. The alloys are used as a holding 
medium for machining fragile parts, for 
forming dies, for foundry patterns, and for 
bending thinwall tubing. Other applica- 
tions include the fusible elements in fire 
prevention, safety, and control devices. 


As a metallurgical additive, bismuth is 
alloyed with aluminum, steel, malleable 
iron, and nonferrous metals to improve 
machinability and other working character- 
istic of those metals. 


3 Work cited in footnote 2. 


Table 2.—Bismuth metal consumed 
in the United States, by uses 


(Pounds) 
Use 1969 1970 
Fusible alloys 11. 748,393 643,691 
Metallurgical additives 509,587 361,484 
Other alloy 14,123 12,998 
Pharmaceuticals ......... 1,250,539 1,183,085 
Experimental uses 252 109 
Other uses 9,065 8,324 
Total ccc 2,531,959 2,209,641 


1 Includes 62,995 pounds of bismuth contained in 
bismuth-lead bullion used directly in the production 
of an end product in 1969 and 32,605 pounds in 1970. 

? Includes industrial and laboratory chemicals and 
cosmetics. 


BISMUTH 


233 


STOCKS 


Reporting of dealer stocks of bismuth, 
representing less than 10 percent of com- 
bined consumer-dealer stocks, was discon- 
tinued at the close of 1969. Accordingly 
yearend stocks shown for 1970 in table 1 
are not directly comparable with figures 
given for previous years. Stocks of bismuth 


held by consumers increased from 598,000 
pounds at the start of the year to a high 
of nearly 909,000 pounds at the end of 
September and then were down to 722,000 
pounds at yearend. Stocks of metal held by 
the three domestic producers increased 

about 25 percent during the year. | 


PRICES 


The delivered price of refined bismuth 
metal held at $6 per pound in ton lots 
($6.05 in quantities of 500 to 1,999 
pounds) , throughout 1970. 

The London market (LME) price for 
imported metal after reaching a record of 
$10 per pound c.i.f. in December 1969 de- 


clined to a range of $7.50-$7.70 by mid- 
February, and to $6.45-$6.60 at the end of 
April. After holding relatively steady 
through the summer months, the price re- 
sumed a downtrend in September, leveling 
at 95.60-55.70 during December and Janu- 
ary 1971. 


FOREIGN TRADE 


U.S. exports of bismuth metal, alloys, 
and waste and scrap to 19 countries to- 
taled 910,000 pounds gross weight, and 
were valued at 92.33 million in 1970. The 
United Kingdom, France, and the Nether- 
lands accounted for 73 percent, and other 
countries of Western Europe took 7 per- 
cent of overseas shipments. Japan's share 
of the year's exports amounted to 13 per- 
cent of the total. Other countries took the 
remaining 7 percent. 

General imports of metallic bismuth in 
1970 totaled 998,000 pounds, valued at $5.6 
million, compared with 895,000 pounds, 
valued at $3.7 million, in 1969. Country 
sources of these imports are given in table 
4. In addition, imports of bismuth alloys, 
largely lead-base materials from Mexico 
and Peru, amounted to 844,000 pounds, 
gross weight, in 1970 (1,104,000 pounds in 
1969) . Imports of bismuth compounds to- 
taled 24,000 pounds in 1970, compared 
with_4,000 pounds in 1969. The net bis- 
muth content of imported alloys and com- 
pounds has not been defined. 


Table 3.—U.S. exports of bismuth 1 


Gross 
Year weight Value 
(poun 
1 152, 684 $395,695 
1 33§öÜ ð y re 120, 466 292, 245 
1969 EE 447,931 1,515,363 
19/0 ene ee eS 910,275 2,332,423 


1 Includes bismuth, bismuth alloys, and waste and 
scrap. 


Table 4.—U.S. general imports of 
metallic bismuth, by countries 


1969 1970 
Country Value Value 
Pounds (thou- Pounds (thou- 
sands) sands) 
Belgium- 

Luxembourg.. 4,415 $35 
Canada 142,013 $617 109,909 642 
Japan........... 50,229 203 24,998 168 
Mexico. --------- 382,630 1,473 364,962 1,923 
Netherlands. 2 
PCC ( 819,982 1,419 491,118 2, 842 
United Kingdom ,301 2 

Total...... 894,804 3,712 997,924 5,636 


WORLD REVIEW 


World production of bismuth, exclusive 
of data withheld for the United States and 
based on incomplete data for several other 
countries, has been estimated at the record 
level of 8.9 million pounds. Recorded pro- 


duction has doubled since the early 1950's 
in response to growing industrial demand 
and rising price. Recovery of bismuth as a 
byproduct from commingled ores does not 
permit full recognition of the mine source, 
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Table 5.—Bismuth: World production by countries 1 
(Thousand pounds) 


Country 1968 1969 1970 p 
Argentina (in oremm—kßn 7 2 e 2 
Australia (in concentrates)... z r 403 496 e 518 
Bolivia (exports as metal and in concentrates)... ............. 1,268 1,476 1,373 
Canada x 648 579 571 
China, mainland (in ore) 551 551 551 
France (in ore)._____ hs ß diu ee r 141 p 143 e 143 
Germany, West (in ore) ----- ee 40 26 29 
Italy ner ne lee ee ala 318 e 22 e 22 
Japan (metal): u... l. ¿U oe eee arcadas 1,595 1,531 e 2,000 
Korea, Republic of (metal... 229 245 234 
JJJ//%»Ü̈ y y Si is Nt tdo 1,157 1,336 e 1,300 
Mozambique (in orei coo 5 6 e 6 
( ²˙“ꝛ... iaa E EE r 1,783 1,500 1,682 
Romania (in ore) 132 176 176 
South Africa, Republic of... (4) (D —— — E 
Spain y (DU. ` | coss 
Sweden (in ore 44 33 33 
Uganda (in EE 2 e2 e 2 
US. et, Th EE 99 110 110 
LBE W 
Yugoslavia (metal)__ i 189 226 166 
Total ⁰omꝛꝶ ³⅛ d ⁰ a a una E r 8,312 8,460 8,918 


e Estimate. r Revised. 


fidential data. 


» Preliminary. 


W Withheld to avoid disclosing individual company con- 


1 In addition to countries listed, South-West Africa also produces bismuth in small quantities. Bismuth is 
believed to be produced in Brazil, Bulgaria, and East Germany, but information available is inadequate to make 


reliable estimates of production levels. 


2 Bismuth content of refined metal and bullion plus recoverable content of concentrates exported. 
3 Production of Monteponi-Montevecchio Co., probably including production from purchased and toll 


materials. 
Less than V unit. 
s Total is of listed figures only. 


and output is credited to the country that 
produces the metal. In 1970, Japan was the 
principal producer of metallic bismuth, 
largely from imported raw materials. Peru 
was again the largest mine source of indi- 
genous bismuth. 

Australia.—Prior to 1967, an insignifi- 
cant quantity of bismuth was recovered 
annually as a byproduct of tungsten and 
iron ores mined at several localities in 
Queensland and the Northern Territory. 
Nearly all of the bismuth credited to Aus- 
tralia since 1967 has been from copper- 
gold-bismuth ores produced by Peko Wall- 
send Investments Ltd. from the Juno 
mine at Tennant Creek, in the Northern 
Territory. All concentrates have been ex- 
ported, mainly to Japan. In 1970 the com- 
pany embarked on an expansion project to 
include an Outokumpu flash smelter and 
bismuth recovery plant at Tennant Creek. 
The new plant, which will treat ores from 
the Juno and nearby Warrego mines, is 
expected to start operation in 1972 or 1973 
at an annual capacity of 3 million pounds 
of contained bismuth. Reserves of copper- 
bismuth ore at the new Warrego property 
are estimated at 5 million tons averaging 
0.30 percent bismuth. The Juno mine has 
reserves of 275,000 tors assaying 0.65 per- 


cent bismuth and 2.2 ounces of gold per 
ton. 


Belgium.—A substantial quantity 
(423,000 pounds in 1969) of metallic bis- 
muth was recovered in processing imported 
base-metal concentrates, smelter products, 
and secondary materials by Société Géneral 
Metallurgie de Hoboken S.A. at Hoboken 
and Société des Mines et Fonderies de 
Zinc de la Vieille-Montagne S.A. at Balen. 
The great bulk of bismuth products made 
in these plants is exported to the consum- 
ing industries of neighboring countries. 


Bolivia.—Over 95 percent of the reported 
1970 exports totaling 1,373,000 pounds of 
bismuth in concentrates was from the Gov- 
ernment-owned Corporacíon Minera de Bo- 
livia (COMIBOL) mines. The Tasna 
mine, the country's principal bismuth 
producer, is one of the few mines in the 
world worked primarily for bismuth. Ore 
reserves are said to be limited. 


COMIBOL contracted construction of 
Bolivia's first bismuth smelter in Tele- 
mayu, near Tasna, in October 1969. The 
smelter, a $1.1 million project, was sched- 
uled to start operation late in 1970 at an 
estimated annual capacity of 600 metric 
tons. 


BISMUTH 


Canada.—All production of bismuth in 
Canada is as a minor byproduct of ores 
mined for other metals. The more impor- 
tant sources in eastern Canada are the 
lead-zinc-copper ores of New Brunswick, 
the copper ores mined on the Gaspé Pen- 
insula, and the silver-cobalt ores pro- 
duced in Ontario. In western Canada, the 
Cominco Ltd. smelter at Trail, British Col- 
umbia, which treats ores from the compa- 
nys own mines and also from numerous 
other domestic and foreign shippers, is the 
only identifiable producer. In Quebec, me- 
tallic bismuth of 95-percent purity is pro- 
duced by Gaspé Copper Mines Ltd. at 
Murdochville, by Molybdenite Corp. of 
Canada Ltd. in Lacorne Township, and by 
Preissac Molybdenite Mines Ltd. in Preissac 
Township. The combined annual capacity 
of these three facilities is 400,000 pounds. 
The Trail, British Columbia, bismuth 
facility of Cominco Ltd. is rated at 400,000 
pounds annually of 99.99+ percent purity. 

France.—The two metallurgical com- 
plexes of Société des Mines & Usines de 
Salsigne, and Société Miniére et Métallur- 
gique de Peñarroya both produce impure 
bismuth metal from lead-zinc ores. The 
crude bullion is refined in the United 
Kingdom. 

Japan.—Although a relatively small part 
of the substantial quantity of bismuth 
metal credited to Japan is from domestic 
ores, the great bulk of production, by 
eight Japanese metallurgical plants, is from 
imported base-metal ores, concentrates, and 
smelter products. 
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Mexico.—Aside from small quantities ex- 
ported in lead, zinc and copper concen- 
trates, all reported production of bismuth 
in Mexico has been from lead refinery by- 
products recovered by Met-Mex Peñoles, 
S.A. (formerly Metalurgica Mexicana Peñ- 
oles, S.A.) and Asarco Mexicana S.A., at 
Monterrey. The bismuth is refined and 
marketed in two forms: Impure metal 
ranging from 70 to 90 percent bismuth 
and bars of 99.99 percent purity. Approxi- 
mately 40,000 pounds of the metal is con- 
sumed annually by domestic chemical, 
pharmaceutical, and alloy industries. The 
remainder is exported, principally to the 
United States and the United Kingdom. 

Peru.—Mine production of bismuth in 
Peru is credited largely to the mines in 
central Peru, operated by Cerro Corp. 
(formerly Cerro de Pasco Corporation) 
and numerous other smaller base-metal ore 
producers. The concentrate products from 
these mines, together with substantial 
quantities of similar materials imported 
from Bolivia, are smelted and refined in 
Cerro's vast metallurgical complex at La 
Oroya. In 1970, the company output 
(which accounted for over 95 percent of 
national production in 1969) of refined 
and alloyed bismuth amounted to 1.68 mil- 
lion pounds. Of this total, 55 percent was 
derived from purchased source materials. 
Virtually all Peruvian refined bismuth is 
exported to the United States, Europe, and 
countries of Latin America. 
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Boron 


By A. F. Grube * 


Sales and exports of boron minerals con- 
tinued the rising trend that began in 1961 
and reached a new high in 1970. Despite a 
significant increase in exports, there was 
no reported shortage of boron compounds 
for the domestic market. During the year, 
colemanite production was inaugurated 
from deposits located in the Death Valley 
area of California. 

Legislation and Government Programs. 
—During 1970 there were no government 


programs or legislation proposed or en- 
acted pertaining to boron. There were no 
government stocks of boron, and no gov- 
ernment procurement programs for borates 
were in effect in 1970. All government 
stocks of boron were sold in 1967. 

The depletion allowance remained at 14 
percent for both domestically and foreign- 
produced borates in accordance with the 
Tax Reform Act of 1969. 


Table 1.—Salient boron minerals and compounds statistics in the United States 
(Thousand short tons and thousand dollars) 


Sold or used by producers: 
Quantity: 


Gross weglt 
Boron oxide 


1966 1967 1968 1969 1970 
oe 866 892 963 1,020 1,041 
462 473 519 551 562 
--- $68,209 $69,819 $76,535 $81,261 $86,827 
27 19 25 26 
--- $1,034 $1,201 $1,184 $1,668 $2,415 


DOMESTIC PRODUCTION 


Domestic production and sales of borate 
minerals increased slightly in 1970 as com- 
pared with 1969. Production and sales in- 
creased by 2 percent. As in past years, 
most of the domestic boron production 
came from open pit mines in Inyo and 
Kern Counties, Calif., and lesser quantities 
from San Bernardino County, Calif. The 
boron mine of the U.S. Borax & Chemical 
Corp., a subsidiary of Rio Tinto Zinc 
Corp. Ltd., remained the world’s foremost 
source of boron. This firm produced an 
upgraded crude sodium borate and fin- 
ished products at Boron, Calif., and proc- 
essed borates at plants located at Wilming- 
ton, Calif., and Burlington, Iowa. 
Wilmington was the company's port of ex- 
port. During 1970 the U.S. Borax & Chem- 
ical Corp. installed a new processing line 
and two new thickeners at its Boron plant 
that increased plant capacity by roughly 20 


percent. The firm maintains a storage cen- 
ter at Botlek, the Netherlands. From this 
center borax is transported to other parts 
of Europe. Stauffer Chemical Co. and 
American Potash & Chemical Co. produced 
boron compounds as coproducts from the 
brines of Searles Lake in San Bernardino 
County, Calif. 

During 1970, the Tenneco Oil Co. initi- 
ated production of calcium borate (cole- 
manite) from its deposit in Kern County. 
Searles Lake Chemical Co., a subsidiary of 
Occidental Petroleum Corp., a third lease- 
holder in Searles Lake, has constructed 
solar ponds on its property, but there has 
been no production to date.? 


1 Industry economist, Division of Nonmetallic 
Minerals. . 

? Industrial Minerals. Borates: An Expansion of 
Production Essential. No. 34, July 1970, pp. 


29-35. 
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CONSUMPTION AND USES š 


About 50 percent of U.S. production of 
boron minerals and compounds is ex- 
ported. To reduce transportation and dis- 
tribution costs for overseas sales, the U.S. 
Borax & Chemical Corp. has replaced all 
its 20,000 deadweight-ton (dwt) ships with 
30,000 dwt ships. An estimated 32 percent 
of U.S. boron consumption was used in 
producing heat-resistant glass, glassware, 
and fiberglass. About 14 percent of the 
boron consumed was used in the manufac- 
ture of vitreous enamel, which is used as 
protective and decorative coatings on sinks, 
stoves, refrigerators, and many other 
household and industrial appliances. 


Borax and boric acid were used in soaps, 
cleansers, and detergents because of their 
bactericidal properties, easy solubility in 
water, and excellent water-softening prop- 
erties. Its mild alkalinity in water and its 
germicidal properties make it useful in 
toothpaste, mouthwash, and eyewash. An 
estimated 16 percent was used in soaps 
and cleansers. In agriculture, borax was 
added to fertilizers to supply boron as an 
essential plant nutrient. Boron compounds 
were also used to exterminate weeds. Agri- 
cultural chemicals accounted for estimated 
14 percent of the demand. 

Boron compounds, being excellent flux- 
ing materials, are especially useful in weld- 
ing, soldering, and brazing metals and in 
metal refining. About 2 percent was esti- 
mated for this use in 1970. 

Other uses of boron included compounds 
added to alloy steels to increase hardena- 
bility. Some elemental boron was used as a 
deoxidizer in nonferrous metallurgical re- 
actions, as a grain refiner in aluminum, as 
a thermal neutron absorber in atomic 
reactors, in delayed actions fuses, as an igni- 


/ 


tor in radio tubes, and as a coating mate- 
rial in solar batteries. 

Water solutions of borax were used in 
dyeing leather and textiles, in cleansing 
hides and skins, in plasters and paints to 
prevent mildew and give a higher gloss to 


„starches, and to prevent mold on leather 


textiles arid citrus fruits. 

Compounds of boron carbide, titanium 
boride, and tungsten borides are among 
the hardest substances known. Boron car- 
bide was used in manufacturing abrasion- 
resistant parts of spray nozzles, bearing lin- 
ers, and furnace parts; in the atomic 
energy field, it was used as nuclear reactor 
control elements and radiation shields and 
as an abrasive for ultrasonic grinding and 
drilling. Boron nitride is useful as a ther- 
mal insulator and as a mold lubricant in 
glass manufacture. Titanium  boride is 
available in commercial quantities, but its 
use is not widespread. 

Increasing use was being made of boron 
trichloride as a catalyst in silicone produc- 
tion, a synthesis intermediate, and an ex- 
tinguishing agent for magnesium fires. 
Boron trifluoride was used as a catalyst for 
many organic reactions such as polymeriza- 
tion, esterfications, and alkylations. 

Organic boron compounds such as borate 
esters were finding greater use as dehydra- 
ting agents, synthesis intermediates, special 
solvents, and catalvsts. Boron compounds 
were used as plasticizers, adhesive additives 
for latex paint, and fire retardants in plas- 
tics and protective coatings. Boron com- 
pounds such as diborane (B2He) , pentabor- 
ane (B5Hg), decaborane (B¡0H;4), and aklyl- 
boranes are potential jet and rocket fuels. 
It is estimated that 22 percent of domestic 
boron demand was for consumption in 
these many miscellaneous uses. 


PRICES 


Prices of virtually all borate products at 
yearend 1970 were higher than prices 
posted for yearend 1969. Elemental boron 
prices were quoted at yearend by Ameri- 
can Metal Market as follows, per pound, 
in ton lots: 90 to 92 percent, $13; 97 to 99 


percent, $18; and over 99 percent, $70. 
Prices of other borates are shown in table 
2. 


3 Stanford Research Institute Chemical Econom- 
ics Handbook. Boron. 1970 


BORON 


Table 2.—Borate prices at yearend, 1970 


Per 
short 
ton ! 

Borax, technical: 
Anhydrous, 99 percent: 
Barca A a Lts $113.00 
Bulk sia dei 88 103.25 
Granular, decahydrate, 99.5 percent: 
Dir ᷣ T 64.75 
A A A AA 56.25 
Granular, pentahydrate, 99.5 percent: 
BAGS es ate Dua ka kaum eum Mee 83.75 
Bulk u Sumu IA E 75.25 
Boric acid, technical: 2 
Anhydrous, 99.9 percent, bags 3___ 197.00 
Crystals, 99.9 percent, bags...... 293.00 
Granular, 99.9 percent, bags..... 138.00 
Sodium borate powder, U.S. P., bags 117.25 


1 Carlots, f. o. b. plant works. 


2 Technical boric acid $33 per ton higher in drums. 
3 Anhydrous and granular $10 to $12 per ton lower 


in bulk. NF $30 per ton higher in bags. 


Source: Oil, Paint and Drug Reporter and industry 


sources. 


FOREIGN TRADE 


U.S. exports of boric acid in 1970 in- 
creased 44 percent in quantity and 46 per- 
cent in value compared with 1969 data. 


Table 3.—U.S. exports of boric acid and sodium borates, in 1970 


Boric acid (H 3BO ; content) 


Sodium borates (refined) 


Short tons 


5,306 
376 
1,220 
10,373 
927 
1,493 
409 
8,949 
1,324 
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In contrast, exports of refined sodium 
borate decreased 8 percent in quantity and 
3 percent in value. The largest tonnages of 


Value 
(thousands) 


Destination 
Short tons Value 

(thousands) 

üer 8 2,747 $393 
Belgium-Luxembourg___-..-.. .. - . . .. .. .. .. . 39 4 
ae ABEE 8 1,993 294 
%0%00000(ͤõ isla 4,551 508 
Lë TEE 8 205 31 
Colombia 470 70 
FIIIIIlIIſ%7 ..:: . Gimme 
F ³ðBAſ A jose 
Germany, Weste 4, 601 470 
H zv eR en 8 181 26 
Indonesia 55 4 
7)7///õöõĩö;[ ᷣ ..... 12 2 
E11! ³⁰i¹d 7⅛˙—m g 903 114 
ET ³Ü WAA. su p AO 13,862 1,847 
Korea, Republic ol ` 208 33 
EE AT ee aec a EE ad a 1,793 287 
Netherlands 13,547 1,907 
New Guinea. 203 34 
New Zealand 441 62 
Pakistan o cune eu te RA bes EE 215 32 
Peri c ds e AAA eb Sha EAR ate Bee 701 97 
Phillppines...... zoe m mo 514 72 
Singapor v a . 88 30 4 
South Africa, Republic oz 239 46 
E ¿Zala uu zz E as 22 3 
Sweden AAA 172 20 
Switzerland- ooo ) f 
II ];Üd¹yAd y Ee ua ZL a 295 40 
a ME 89 15 
United Kingdom_._._... . LL. LL L22l 222 3,140 281 
Venezuela. .....ecl.oozeeezoconlesstzlmscooxdles 321 53 
Vietnam, South... ooo 199 28 
Ré m VIA EES 
Otheér-.. zr 0 o CC 621 126 
Total. EE 52,369 6,909 


180,831 


18,771 


1 Excludes unknown quantities of crude sodium borate and other borate compounds estimated to be over 


100,000 tons, but exact data are not available. 
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both boric acid and refined sodium borate 
exports were consigned to Japan and the 
Netherlands. Data are given in table 3. In 
addition to the quantities of boric acid 
and refined sodium borate exports listed in 
the table, a large quantity (more than 
100,000 tons) of unrefined sodium borate 
was exported. These data are company 
confidential and may not be published. 


WORLD 


Argentina.—During 1970, Argentina was 
the only South American country produc- 
ing borates. Boroquimica Limitada, a sub- 
sidiary of Rio Tinto Zinc Corp., produced 
35,044 short tons of borates in 1970. This 
represented a production increase of 51 
percent over that produced in 1969. Dur- 
ing the year, Boroquimica was developing 
the deposit at Tincalayu in the Solar del 
Hambre Muerto region of the province of 
Salta. 

China, mainland.—Sodium borate is pro- 
duced from deposits in the Iksaydam area 
Sinkiang Province. Data on output are not 
available. 

Turkey.—In 1970, the production of 
boron minerals and compounds in Turkey 
totaled 428,113 short tons (analyzes about 
48 percent B203), a 20-percent increase 
over the 1969 output of 356,569 short tons. 
About one-half of 1970 production was ac- 
counted for by the “Turkish Government- 
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In 1970 the United States imported 
27,336 short tons of calcium borate (cole- 
manite) valued at $831,550 from Turkey, 
26 short tons of boron carbide primarily 
from Canada and West Germany valued at 
$165,665, and less than 1 short ton of 
boron metal from France and West Ger- 
many valued at $75,794. 


REVIEW 


owned company, Etibank. The remainder 
was produced by Türks Boraks Madencilik 
Co., a subsidiary of Rio Tinto Zinc Corp., 
and the Turkish firms Rasih ve Ihsan and 
Hasmettin Yakal. 


It was announced in April 1970 that the 
Ministry of Energy and Natural Resources 
had cancelled the exploitation licenses on 
five deposits of the Türks Boraks Co. The 
deposits involved are located in Seyitgazi, 
Eskigehir and contain more than 600 mil- 
lion tons of ore. In the same area, Túrks 
Boraks still holds a license for a sixth de- 
posit, which contains from 200 to 300 mil- 
lion tons. 

U.S.S.R.—Ihe U.S.S.R. produce and 
uses boron raw materials from deposits 
north of the Caspian Sea. Indications are 
that the Soviet demand for boron com- 
pounds is about 30,000 tons per year of 
B5Os. 


TECHNOLOGY 


A potential market for colemanite and 
perhaps sodium borate is a substitute for 
fluorspar in the basic oxygen furnace 
(BOF) steel manufacturing process, for 
which the Flintkote Co. has been granted 
a patent (U.S, Pat. 3,574,597). Flintkote 
cooperated with a steel company in testing 
the process on à pilot plant scale. Results 
of the tests indicated that the addition of 
uncalcined colemanite to the charge in a 
(BOF) furnace accelerated the dissolution 
of lime in the slag, reduced the heat time, 
and increased the life of the furnace re- 
fractories. As the colemanite replaced fluor- 
spar in the melt, the need for this min- 
eral, currently in short supply, was 
eliminated along with the fluoride emis- 
sions from the stacks, which are potential 
pollutants of the atmosphere. 


During 1970 two French research teams 
employed by Société Industrielle des Mi- 
nerais de L'Quest (SIMO) and Exchan- 
geurs d'Ions Minéraux (EDIM) discovered 
a new process for separating the isotope 
boron-10 from boron-11. As a result of this 
research, the two companies are building a 
plant for separating the isotopes. The 
plant will produce 200 kilograms per year 
of boron-10 assaying over  99-percent 
boron-10, which normally makes up 19.78 
percent of elemental boron. This is of in- 
terest in control rods for fast-breeder reac- 
tors. In this country the isotopes have 
been separated by fractionation of the di- 
methyl ether complex of boron 
trifluoride.4 

4 Chemical Engineering. Solar Evaporation Will 


be Used on Searles Lake (Calif.) Brine. V. 78, 
No. 11, May 17, 1971, p. 77. 


Bromine 


By Robert T. MacMillan 1 


Increasing demand for bromine as a 
component of motor fuel additives, flame 
retardants, and sanitizers, resulted in con- 
tinued growth in production of the com- 
modity chiefly from brines in Arkansas and 
Michigan. Expansion of production facili- 
ties that process oilfield brines permitted 
Arkansas to supplant Michigan as the larg- 


est producer of bromine in 1970. Public 
concern over air pollution from motor ve- 
hicle exhausts may cause reduction or 
complete removal of lead and bromine 
from motor fuels. This would result in a 
lessening of demand for bromine. The 
phase out of this end use, however, is ex- 
pected to be gradual. 


DOMESTIC PRODUCTION 


Total U.S. production expressed as ele- 
mental bromine set a record of nearly 350 
million pounds in 1970, compared with 
335 million in 1969. Most of the output 
was converted and sold as bromine com- 
pounds by the primary producers. Only 
about 34 million pounds or 10 percent was 
marketed as elemental bromine to non- 
producers of bromine. The 1970 quantity, 
shown in table 1 as elemental bromine 
sold, is considerably less than the 61 mil- 
lion pounds sold in 1969. However, before 
1970, the data for elemental bromine sold 
included the elemental bromine transferred 
among companies producing primary bro- 
mine. The quantities of bromine com- 
pounds produced were adjusted to avoid 
duplication in total production figures. 
This practice has been discontinued and 
the 1970 figures in table 1 are a more ac- 
curate presentation of the quantities of 
bromine sold as elemental bromine and 
used by the industry to produce com- 
pounds. Because previously published fig- 
ures cannot be reconstructed to reflect the 
new procedure, no comparison with 1969 
figures is shown. 

The gross weight of all bromine com- 
pounds increased substantially in 1970 
compared with 1969. Part of this increase 
resulted from the revised tabulating proce- 
dure, which indicated less elemental bro- 
mine being sold to nonproducers of bro- 
mine, but larger quantities of bromine 


Table 1.—Elemental bromine sold as such 
or used in the preparation of bromine 
compounds by primary producers in 

the United States 


(Thousand pounds and thousand dollars) 
Quantity Value 


Sold EEGENEN 33,602 $6,221 
P/ ⁰˙⅛njnu‚‚ 8 316,146 54,889 
Dota las a 8 349,748 60,560 


Table 2.—Bromine compounds sold by 
primary producers in the United States 
(Thousand pounds and thousand dollars) 


Quantity 


Compound Value 
Gross Bromine 
weight content 
Ethylene dibromide... 291,002 247,555 $47,187 
Other compounds: 
(Includes ammonium, 
sodium, potassium, 
ethyl, methyl, and 
other bromides)..... 93,265 66,626 41,747 
Total. uu usas 384,267 314,181 88,934 


compounds being produced by the indus- 
try. 

Seven primary bromine producing com- 
panies operated 11 plants in three states. 
Arkansas, with five plants, became the lead- 
ing state in bromine production; Michigan 
ranked second. California, with one produ- 
cer, ranked third. Production of primary 


1 Physical Division of Nonmetallic 


Minerals. 


scientist, 
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bromine in Texas was discontinued in 
1969 when the Ethyl-Dow Chemical Co. 
plant at Freeport stopped producing ethy- 
lene dibromide from bromine extracted 
from seawater. Ethylene dibromide contin- 
ued to be produced in Texas, however, by 
the Houston Chemical Co., which obtained 
bromine from Arkansas Chemical Co., El- 
dorado, Ark. 

For the second consecutive year, the 
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largest increase in bromine production oc- 
curred in Arkansas where output of the 
Bromet Co., which came on stream in 
1969, helped to boost the state’s produc- 
tion 47 percent in 1970. Production in 
Michigan and California showed little 
change from their respective 1969 levels. 
Domestic producers of primary bromine 
and bromine compounds in 1970 were as 
follows: 


Production 
State Company County Plant source 
Arkansas. Arkansas Chemicals, Ine Union Arkansas Chemicals Well brines. 
Bromet Co 2... 22..- Columbia......... Magnolia Do. 
The Dow Chemical COo F % 72 2 RS Do. 
Great Lakes Chemical Corp Union...........- El Dorado........... Do. 
Michigan Chemical Cor o Michigan Chemical Do. 
orp. 
California.. American Potash and Chemical San Bernardino...  Trona..............- Searles Lake 
Corp. brines. 
Michigan.. The Dow Chemical Co Mason Ludington........... Well brines. 
:·?D᷑ f Midland Midland Do. 
Michigan Chemical Corp Manistee. ........ East Lake Do 
AA Gratiot........... St. Louis Do 
Morton Chemical Coo Manis te Manistee________.__-_ Do 


CONSUMPTION AND USES 


The most important use of bromine was 
in the production of ethylene dibromide 
used mainly as a lead-scavenging agent 
with tetraethyl lead, a gasoline antiknock 
additive, About 71 percent of the total 
bromine output was used to produce ethy- 
lene dibromide. 

The Clean Air Act of 1970, which re- 
quires a 90-percent reduction of current 
auto emission levels by 1975, makes the 
large-scale production of unleaded or low- 
lead automotive fuels highly probable in fu- 
ture years. Partial or total removal of lead 
from gasoline would substantially reduce 


the demand for bromine in its most im- 
portant use. 

Other uses for bromine and bromine 
compounds included fire extinguisher 
charges; flame retardants for plastics, tex- 
tiles, and other materials; pharmaceuticals; 
hydraulic and gage fluids; sanitizers; and 
chemicals used in agriculture, pharmaceuti- 
cals, water treatment, and other products. 
Increasing growth in demand for bromine 
chemicals other than ethylene dibromide 
indicated a trend toward diversification in 
the industry. 


PRICES 


Prices quoted at yearend for bromine and 
bromine compounds in the Oil, Paint and 
Drug Reporter were as follows: 


Bromine, purified: 
Cases, carlots, ton lots, delivered east of 


Rocky Mountains 36 
Zone I:! 
Returnable drums, carlots, ton 
lots, delivered 27 
Tank carlots, delivered 16.75 
Tank truck lots, delivered 18.5 


Ammonium bromide, National Formulary 
(N.F.), granular drums, carlots, ton lots, 
freight equalize ddl 48 


Cents 
per 
pound 
Bromochloromethane: 
Drums, carlots, freight equalized....._... 51.5 
Tanks, same basis 50 
Ethyl bromide 98 percent drums, carlots, 
freight eoualized ----.--------------- 68 
Ethylene dibromide: 
Drums, carlots, freight equalized...._.... 25 
Tanks, same basis 20 
Methyl bromide: 
Service organization prices, 40- to 375- 
pound cylinders, large lots, freight 
alowed o hee 57-64 
Potassium bromate, 200-pound drums, carlots, 
freight alloweedldd 59 
Potassium bromide, N.F., granular drums.... 43 
Sodium bromide, N.F., granular, barrels, 
drums, freight equalized. ................ 40 


1 Prices in Zone II are 1 cent per pound higher. 
Prices in Zone III are 2 cents per pound higher. 


BROMINE 


Prices were the same as those in 1969, ex- 
cept for a 4-cent-per-pound increase for 
potassium bromate, 3-cent-per-pound in- 
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creases in purified bromine and potassium 
bromide and a 2-cent-per-pound increase in 
ammonium bromide. 


FOREIGN TRADE 


Imports of bromine compounds were 
substantially greater in 1970, compared 
with those of 1969, and included the fol- 
lowing quantities of potassium bromide: 
19,201 pounds valued at $3,295 from the 
United Kingdom; 16,536 pounds valued at 
$4,957 from France; and 72,139 pounds val- 
ued at $10,580 from West Germany. Other 
imports included 84,656 pounds of ethylene 
dibromide valued at $11,599 from Japan. 


WORLD 


Israel.—Israel reported production of 
8,816 short tons of elemental bromine and 
4,408 short tons of bromine compounds 
from the Dead Sea. Bromine Products 
Ltd., reported sales totaling $2.5 million in 
the form of pesticides.2 Reserves of bromine 
in the Dead Sea have been estimated at 
870 million tons. 

Japan.—Bromine output in 1970 was re- 
ported to be 10,504 short tons of elemental 


These compare with 1969 imports of 330 
pounds of potassium bromide from West 
Germany valued at $2,914, and 58,201 
pounds of ethylene dibromide valued at 
$6,054 from Israel. No elemental bromine 
imports have been reported since 1964. All 
other imports of bromine compounds are 
included with other chemicals and are not 
separately classified. 
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bromine and 585 tons of potassium bro- 
mide, compared with 1969 production of 
7,844 tons of elemental bromine and 591 
tons of potassium bromide. A reciprocal 
agreement between Hitachi Chemical Co. 
and Michigan Chemical Corp. was ap- 
proved by the Japanese Government. The 
agreement provides for the exchange of 
certain patent rights and technology be- 
tween the two companies.3 


TECHNOLOGY 


An experimental study of the toxic po- 
tential of brominated vegetable oils on rats 
was conducted.4 Groups of rats fed diets 
containing 0.5 to 2.5 percent brominated 
cottonseed oil showed growth retardation, 
impaired food utilization, and other path- 
olegical symptoms, compared with rats fed 
normal diets. Symptoms were more pro- 
nounced at the higher levels of bromine in 
the diet. A level at which no effect is ob- 
served is being determined. Brominated 
vegetable oils are used to adjust the den- 
sity of flavoring oils and to act as clouding 
agents to retard layer formation, for exam- 
ple, in fruit juice. 

Bromine is one of 11 chemical elements 
potentially recoverable from brines associ- 
ated with petroleum production. The min- 
eral values of these brines are not only 
wasted under present technology, but are a 
disposal problem of the petroleum indus- 
try. An investigation of the concentrations 
of these minerals available from oilfield 
brines and the economic feasability of re- 


covering all or part of them was under- 
taken by the Bureau of Mines.5 

The concentration of minerals contained 
in 13 different oilfield brines in several mid- 
western states was reported together with 
the concentration needed to produce $250 
worth of mineral production from process- 
ing 1 million gallons of the brines. Possi- 
ble recovery techniques included brine de- 
salting processes and ion exchange. 
Variability of the brines both in composi- 
tion and rates of flow cause some difficulties 
in determining quantities available, and 
for this reason are deterrents to large-scale 
oilfield brine processing. 


2 Chemical Week. Israel’s Pesticide Exports Tri- 
ple. V. 106, No. 23, Aug. 10, 1970, p. 36. 

3 Oil, Paint and Drug Reporter. Flame Retar- 
dant License Okayed by Japan’s Government. V. 
198, No. 7, Aug. 17, 1970 p. 7. 

4Munro, I. C., E. J. Middleton, and H. C. 
Rice. Biochemical and Pathological Changes in 
Rats Fed Brominated Cottonseed Oil for 80 days. 
Food and Cosmetic Toxicology (Pergamon Press, 
Oxford, England), v. 7, No. 1, 1969, pp. 25-33. 

5 Collins, A. G. Finding Profits in Oil-Well 
Waste Waters. Chem. Eng., v. 77, No. 20, Sep- 
tember 1970, pp. 165-168. 
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A new formulation of bromides and ie- 
dides of lithium in aqueous solution was 
patented for use as an absorption refriger- 
ation fluid. “The preferred composition 
comprised 30 to 40 percent lithium iodide 
and the remainder, lithium bromide. Gly- 
cerine or ethylene glycol may be used op- 
tionally in the two-pressure system.6 

Major technical and economic problems 
are involved in developing the refinery ca- 
pacity necessary to produce unleaded auto- 
motive fuel with the necessary octane rat- 
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ing. Consequently, the use of lead and 
bromine in gasoline additive mixtures is 
expected to persist for a reasonable time 
before new refinery equipment capable of 
producing motor fuel of satisfactory octane 
rating by catalytic reforming processes be- 
comes available. 


6 Hensel, W. E., Jr. and W. W. Harlowe, Jr. 
Assigned to Arkla Industries, Inc., Lithium Bro- 
mide-Lithium Iodide Compositions for Absorption 
ty Ts System. U.S. Patent 3,524,815, Aug. 
18, 1 š 


Cadmium 


By Burton E. Ashley * 


Cadmium showed some signs of weakness 
in early 1970, but price and demand gen- 
erally held steady. A decided reversal was 
evident in the second quarter, and by the 
end of the year, the cadmium market had 
all but disappeared compared with 1969. 
Production for the year declined 25 per- 
cent and producers’ shipments by 47 per- 
cent. Metal imports increased 131 percent; 
Japan supplied 37 percent, by volume, of 
the cadmium metal imported. Exports in 
the first quarter, at over one-quarter mil- 
lion pounds, were up over 62 percent from 
the final quarter of 1969. Foreign markets 
disappeared during the second half of the 
year, and exports declined drastically to 
end the year at 66 percent under 1969 ex- 
ports. 


Industry stocks of metal at yearend were 
168 percent higher than stocks at yearend 
1969, the highest since 1958. 


Statistics for the first quarter of 1970 
gave a misleading direction to the state of 
the cadmium market for the remainder of 
the year. Planned reduction in zinc output 
indicated a tighter supply of byproduct 
cadmium. That the supply situation might 
be tight was substantiated by the 18.9-per- 
cent decline in cadmium metal output in 
the first quarter from the fourth quarter 
of 1969. Exports increased and imports de- 
creased for the quarter, which also pointed 
to a lesser supply, as well as the consider- 
able drawdown on stocks. 


During the second quarter the statistical 
position reversed, except for metal produc- 
tion which continued to decline. Imports 
of metal rose by 15 percent and exports 
fell 64 percent. Stocks of metal producers 
gained over 80 percent. The third and 
fourth quarter figures continued the gen- 
eral trend started in the second quarter. 


The producer price held at $4.00 per 
pound until cuts occurred in August, Octo- 
ber, and December, bringing a total price 
decrease of 44 percent for the year. 


During the last 6 months of the year, 
supply outstripped demand, helped by 
free-market imports from Japan at less 
than the domestic producer price. 

Cadmium sales from the stockpile were 
negligible, and cadmium ended the year as 
a metal that few dealers and consumers 
wanted at any price. 

Legislation and Government Programs. 
—Public Law 91-314, signed by the Presi- 
dent on July 10, 1970, authorized the re- 
lease of 4,180,000 pounds of cadmium from 
the national stockpile. In August the Gen- 
eral Services Administration announced 
that 600,000 pounds of cadmium would be 
available during each calendar quarter of 
fiscal year 1971. Domestic consumers 
bought 1,600 pounds in September and 
4,600 pounds in the October-December 
quarter. As of yearend 1970, 4,173,800 
pounds remained of the total authorized 
for disposal. ‘The Government price for in- 
gots at storage depots continued at 12 
cents per pound below the domestic 
quoted price to compensate for conversion 
to electroplating shapes; the new law per- 
mitted the sale of balls and sticks from 
the stockpile at market price. 

At the end of 1970, with an allowance 
for inventory adjustment, there were 
10,148,836 pounds of cadmium remaining 
in the stockpile with a market value of 
$22,834,881. Acquisition cost was $18,166,416, 
averaging $1.79 per pound. 

The stockpile objective, set by the Office 
of Emergency Preparedness, remained at 6 
million pounds. 

The Office of Minerals Exploration, U.S. 
Geological Survey, provides to eligible par- 
ticipants, up to 50 percent of allowable 
costs of exploration for cadmium. Cad- 
mium producers are granted a depletion 
allowance of 22 percent on domestic pro- 
duction and 14 percent on foreign produc- 
tion. 


S Physical scientist, Division of Nonferrous Met- 
a S. 
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DOMESTIC PRODUCTION 


Production of cadmium metal opened 
the first quarter of 1970 with a decline of 
18.9 percent from that produced in the 
final 3 months of 1969. Output declined 
each succeeding quarter to total 9.5 mil- 
lion pounds for the year; this was a de- 
cline of 25 percent from the record pro- 
duction of 12.6 million pounds set in 1969. 
Value of producer shipments followed the 
downward trend of production and ended 
the year at $24.1 million, a decided drop 
from shipments of $40.6 million during 
1969. 

Flue dust imported from Mexico con- 
tained 1.1 million pounds of cadmium for 
domestic recovery and refining. Imported 
zinc ore and small amounts of cadmium 


waste and scrap from Mexico and Japan 
also provided cadmium for domestic recov- 
ery. 

Cadmium content of sulfide compounds 
produced (which includes lithopone and 
cadmium sulfoselenide) declined during 
the year to 2.1 million pounds, 12.4 percent 
below the 1969 level. 

Cadmium oxide was produced by Ameri- 
can Smelting and Refining Company, 
Blackwell Zinc Co., and Harshaw Chemical 
Co. 

Table 1 lists comparative salient statis- 
tics for cadmium for 1966-70; table 2 re- 
fers to sulfide output during the same pe- 
riod. 


Table 1.—Salient cadmium statistics 
(Thousand pounds) 


1966 1967 1968 1969 1970 

United States: 
Production 10, 460 8,699 10,651 12, 646 9, 465 
Shipments by producers ꝶiãi --- 11.792 9, 606 11.244 12, 978 6,848 
Value. aan ul adas thousands.. $26,771 $24,665 $28,409 $40,636 $24,163 
EXPO as 379 691 530 1,085 373 
Imports for consumption, metal.............- 3,358 1,587 1,927 1,078 2,492 
Consumption- ----------------------------- 14,780 11,578 13,328 15,062 9,186 
Price: Average 3 per pound... ............... 2.42 $2.64 $2.65 $3.27 $3.57 
World: Production____.-_-_-_-__----.-_------_-- 28,643 29,069 33,105 38,653 35,245 


1 Primary and secondary cadmium metal. Includes equivalent metal content of cadmium sponge used di- 
rectly in production of compounds. 

2 Includes metal consumed at producer plants. 

3 Average quoted price for cadmium sticks and balls in lots of 1 to 5 tons. 


Table 2.—Cadmium sulfide 1 produced 


in the United States 
(Thousand pounds) 


Sulfide 2 
Year (cadmium 

content) 
9 8 2, 267 
11d 8 1,536 
1908 v Sees eae owe 8 2,457 
.,§ - == 2,439 
I matte dui ee as 2,137 


1 Cadmium oxide withheld to avoid disclosing in- 
dividual company confidential data. 

? Includes cadmium lithopone and cadmium sulfo- 
selenide. 


CONSUMPTION AND USES 


Table 3.—Apparent consumption of 
cadmium 


(Thousand pounds) 


Apparent consumption of cadmium 
amounted to approximately 9.2 million 
pounds. Compared with the 1969 figure, 
consumption in 1970 decreased 39 percent. 


. 1969 1970 

Government sales in 1970 at 6,200 pounds eee ET 37182 

were negligible when compared with the Production.. 12.646 91465 

2.8 million pounds of Government sales in Impor; mea —————— un s 
1969 (table 3). overnment sales..........- ' 

: Total (supply) 17,579 13,395 

The Bureau of Mines does not sponsor CC 1.085 373 

an annual survey of cadmium uses, so per- — Stocks—end...............- 1.432 3,836 

tinent figures must be estimated. Electro- Apparent consumption 15 062 9.186 


plating is the most important single use : Revised. 
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Figure 1. Trends in production, consumption, yearend stocks, imports, exports, and 
average price of cadmium metal in the United States. 
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for cadmium and is thought to account for 
45 to 60 percent of annual demand. One 
industry source? estimated that platers 
consumed 5 million pounds in 1970, down 
from an estimated 6.5 million pounds in 
1969. 

Cadmium plating of parts used in motor 
vehicles, airplanes, and boats is important 
from a standpoint of resistance of the 
metal to corrosion and its attractive finish. 
Cadmium plating of small hardware parts, 
fasteners, and small home appliances con- 
stitutes a popular use. 

Cadmium compounds, manufactured 
from the metal, have important uses as col- 
orants and as stabilizing agents in the 
manufacture of vinyl plastics. Cadmium as 
a stabilizer has not been approved for 
plastics used in food packing, whereas tin 
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and some other stabilizing agents are per- 
mitted. 

Cadmium compounds used as colorants 
contribute bright yellow, red, and orange 
shades to plastics, printing inks, and pig- 
ments. 

Cadmium is also used in the manufac- 
ture of primary batteries in both sealed 
and vented cells. Such batteries have a va- 
riety of uses as a source of power in air- 
craft, hand tools, and communication 
equipment. 

Other requirements extend over a wide 
range including phosphors for television 
picture tubes and night-sighting devices. 
Small but important uses are also as an 
alloy for hardening copper, fusible alloys, 
solders, and as electrical contacts for 
switches and relays. 


STOCKS 


Yearend industry stocks of cadmium 
metal increased to 3.8 million pounds, a 
rise of 168 percent over like stocks at year- 
end 1969. Industry stocks of cadmium in 
compounds rose 9 percent. The greatest 


rise in metal stocks was found in the in- 
ventory of producers and_ distributors. 
Table 4 shows details of industry stocks 
held on December 31, 1969, and 1970. 


Table 4.—Industry stocks, December 31 
(Thousand pounds) 


1969 1970 

Cadmium Cadmium in Cadmium Cadmium in 

metal compounds metal compounds 
Metal produceerg -------------------------- 708 W 3,325 W 
Compound manufacturers 492 r 777 157 867 
Distri, aaa r r 232 r 45 354 33 
lr aa r 1,432 r 822 3,836 900 

r Revised. W Withheld to avoid disclosing individual company confidential data; included with Com- 


pound manufacturers.” 


PRICES 


The 1969 yearend domestic price of cad- 
mium in lots of 1 ton held steady at $4 
per pound until August 7, 1970, when it 
was lowered to $3.25 per pound. A further 
price cut to $2.75 a pound occurred on 
October 6, because of soft European de- 
mand and a buildup of Japanese stocks; 
the combination of soft demand and grow- 
ing stocks resulted in a substantial increase 
in the U.S. imports of free-market metal. 
As U.S. producer stocks and imports con- 
tinued to rise in the fourth quarter of 
1970, the price again decreased to $2.25 


effective December 17. It was reported at 
yearend 1970 that free-market cadmium 
could be acquired at less than $2 per 
pound. There were few takers. The aver- 
age price for the year was calculated at 
$3.75 per pound. Table 5 shows the 1970 
domestic price range of cadmium to con- 
sumers. 


On the London market, prices held at 
$3.95 per pound until about mid-August, 


2 Baker, Crosby. Cadmium. Eng. and Min. J. 
V. 172, No. 3, March 1971, p. 100. 
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when a decline to $3.23 was registered. In 
mid-October the price again fell to $2.76 
per pound, which continued until yearend. 
The French price started the year at $4.43 
per pound and declined steadily ending 
the year at $2.05 per pound. The price in 
Italy followed the same downward general 
trend, starting the year at $4.19 per pound 
and ending at $2.42 per pound in Decem- 
ber. 
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Table 5.—Cadmium prices 1970 


(Per pound) 
Producer to consumer 

Date Less than 

1-ton lots 1-ton lots 

Jan. 1... . . . . ences 4.0 4.05 
Aug. d ⁵ 3.25-4.00 8.30-4.05 
o 5 deg 8.25 8.30 
Oct. A 2.75-3.25 2.80-3.80 
Oct. 1 2.75 2.80 
Dec. 177. 2.25-2.75 2.80-2.80 
Dec. 21.............- 2.25 2.30 


FOREIGN TRADE 


Slack world demand for cadmium was 
reflected in the 66-percent decrease in U.S. 
exports during 1970. First quarter exports 
held well at 226,229 pounds, but declined 
rapidly to 29,214 pounds in the fourth 
quarter. Exports for the year totaled 
373,000 pounds. The United Kingdom re- 
ceived 48 percent; Netherlands, 17 per- 


mium-containing fiue dust from Mexico 
were about equal to 1969 imports. 

The import duty on cadmium metal was 
reduced from 2 cents per pound to 1 cent 
per pound effective January 1, 1970, in ac- 
cord with decisions negotiated under the 
General Agreement on Tariff and Trade. 
Import of flue dusts continued duty free. 


cent; West Germany, 16 percent; France, 8 
percent; and Italy, 3 percent. The remain- 
ing 8 percent was distributed among 13 
other countries. 

Cadmium metal imports of 2.5 million 
pounds came from 18 countries. In terms 
of quantity, the chief sources of U.S. sup- 
ply were as follows, in percentage of total 
imports: Japan, 37; Australia, 13; Peru, 12; 
Mexico, 10; Canada, 9. Imports from Japan 


Cadmium imports from Communist bloc 
countries, except Yugoslavia, were subject 
to a duty of 15 cents per pound. 

Table 6 shows U.S. exports of cadmium 
for 1968-70. U.S. imports of cadmium are 
shown in table 7. 

Table 6.—U.S. exports of cadmium metal 
and cadmium in alloys, dross, flue dust, 


residues, and scrap 
(Thousand pounds and thousand dollars) 


at 932,000 pounds, increased over 500 per- - Year Quantity 1450 
cent compared with 1969. 1008 a085 81254 
Imports of 1.1 million pounds of cad-  1970................ 373 997 


Table 7.—U.S. imports for consumption 1 of cadmium metal and cadmium flue dust, 


by count 
(Thousand pounds and thousand dollars) 
1969 1970 
Country 
Quantity Value Quantity Value 
Cadmium metal: 

r ĩð2Aui ⁰ 186 3429 319 $854 
Belgium-Luxembourg Lee 1 3 165 522 
A A Ct ll ë ë aea 17 49 
Canada. l u õ seca corsa too 398 1,290 212 825 
NK TEE EEN 2 8 

Hee lat ³ ͤſͥſ ⁵¾ d ĩ œ:' ttt ee 32 119 
Germany, West .-------------2--------- 43 169 36 100 
I ³owꝛwꝛꝛwꝛäqqꝓjĩ d es rm 8 10 
Italy......... 7b 2e 59 166 
Japan, — ———————— 148 474 932 2,705 
MeyXI60 2 ð⁰ Z 43 183 259 996 
. J ð Di c ce — hire. Nee es 46 158 

pee UR 8 173 889 303 948 
South Africa, Republic of .................. 72 211 56 201 
Unite EEN 11 21 

ited 5 be rhage e E TT 14 18 13 41 

DSS EE 22 61 
YUgOBBVIB 5 urraca y - Bera. e 5 16 

ͤ]³¹wꝛdaAĩ1ͤ eee 8 1,078 3,166 2,492 7,800 
Flue dust (cadmium content): Mexico 1,115 1,495 1,111 2,438 
Grand total. 2,193 4,661 3, 603 10, 238 


1 In 1969, general imports and imports for consumption were the same; in 1970, general imports 
were 2,503, 081 pounds ($7,827,166) the difference was reflected in Japan. 
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WORLD REVIEW 


World smelter output of cadmium in 
1970 amounted to 35.2 million pounds, a 
9-percent decrease from the revised total 
for 1969. The United States accounted for 
27 percent of world production, followed 
by Japan, 15 percent, U.S.S.R., 15 percent, 
West Germany and Italy, 6 percent each, 
and Canada, 5 percent; the remaining 26 
percent was produced by 20 other coun- 
tries. 

Apparent consumption of cadmium in 
the United States in 1970 was equivalent 
to about 26 percent of world production; 
this was a decided decrease from the 40 
percent of world supply consumed in 1969. 


World. output of cadmium in terms of 
slab zinc produced averaged 8.0 pounds 
per ton of slab zinc in 1970 compared with 
7.0 pounds per ton of slab zinc produced 
in 1969. 

Table 8, showing world smelter produc- 
tion of cadmium, is not a true reflection 
of cadmium occurrence around the world. 
Not all countries producing cadmium in 
ores and flue dust produce refined metal, 
and many countries which produce cad- 
mium in the metallic form recover it from 
imported cadmium-bearing material. 


Table 8.—Cadmium: World smelter production, by country 1 
(Thousand pounds) 


1970 p 


Country 1968 1969 
North America: 
Cañadas: a MCI E r2,114 p 2,124 e 1,870 
United . anos 10,651 12,646 9,465 
Latin America 
exiGU d i pp ñ ß p m m u 446 462 e 470 
EE aa aes ee mun o 378 371 e 375 
Europe: 
Kr d WEE r 44 55 e 55 
i id e Ce us s r 1,764 1,984 e 1,990 
Búlgara AA ³owwyy ⁰ðvꝙdd a i u iS a ee oe 440 440 440 
FFII ce Set OSs chee eset ³ ³ ⁰ LE A 8 r 1,217 1,153 e 1,080 
nnr cas 26 26 26 
Germany, m)) ĩðͤ dd ̃ ͤ¶⁰ y oe ee abs 754 1. 746 e 2,080 
AA A A s pal 551 930 e 1,000 
err. ieee r 310 310 310 
õÜ; imm r˙wmn. ꝛ˙ hh y sa 192 198 e 210 
FP ⁵ðÜUü y ⁰⁰ ES 915 925 990 
P] coe ⁰m pees ⁰¼ʒd 88 110 130 180 
TU si cl are s LE ied esci P dM Ses 154 176 e 175 
USS R AAA enlisted UE ELI Rat 4,850 5,100 5,200 
United Kingdom SPI ITUNES IDEE A IT OP SPENDERE r 452 541 701 
Fürs. ⁰⁰dd meet 8 r 436 375 e 400 
Africa: 
Congo (Kinshasa) ¿ul lu l u l ii st 705 e r 800 e 800 
South-West Arica? otitis e ta dais r 371 422 e 440 
ENEE 25 14 e15 
Asia: 
o AA 90 130 e 70 
) tail y 4,839 6,096 e 5,313 
Korea, lt H. t ee eee 230 240 240 
Oceania: Australia... a r 1,041 1,259 e 1,350 
Totals 2d 0k A r 33,105 738,653 35,245 
e Estimate. p Preliminary. r Revised. 


1 Table gives unwrought metal production from ores, concentrates, flue dusts, and other materials, both of 
domestic origin and imported. Sources generally do not indicate if secondary metal (recovery from scrap) is 
included or not; where known, this has been indicated by footnotes. Data derived in part from World Metal 
Statistics (published by World Bureau of Metal Statistics, London) and Metal Statistics (published by Metal- 
Igesellschaft Aktiengesellschaft, Frankfurt am Main). Cadmium is produced in ores, concentrates, and flue 
dusts in a number of other countries, but these materials are exported for treatment elsewhere to recover 
cadmium metal, and output is not recorded in this table to avoid double counting. 

2 Includes secondary. 

3 Output of Tsumeb Corp. Ltd. for year ending June 30. 
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TECHNOLOGY 


Metadalic of Crawley (Sussex), of the 
Curzon Industrial Group, marketed a cad- 
mium plating solution which was devel- 
oped for use by the Dalic brush-plating 
process. Called cadmium 2022, the solution, 
according to claims, can be applied to 
high tensile steels without the risk of hy- 
drogen embrittlement; the process also 
avoids strip down and heat treatment re- 
quirements that are normally needed after 
conventional bath plating.3 

L. Domnikov described a method for 
cadmium-plating of parts in noncyanide 
baths. 


Reference to experimental work with 
cadmium is found in The Engineering 
Index, a monthly publication of Engineer- 
ing Index, Inc., United Engineering Cen- 
ter, 345 East 47th St., New York, N.Y. 
10017. Developments in cadmium technol- 
ogy are frequently referred to in Zinc Ab- 
stracts, published monthly by the Zinc In- 
stitute Inc., 292 Madison Avenue, New 
York, N.Y. 10017. 


3 Metal Bulletin (London). New Cadmium So- 


lution. No. 5568, Jan. 22, 1971, p. 20. 

4Domnikov, L. Plating From Non-Cyanide 
Cadmium Baths. Metal Finishing. V. 67, No. 11, 
November 1969, pp. 62-64. 


E Google 


Calcium and Calcium Compounds 


By Avery H. Reed * 


Calcium metal was manufactured by one 
company in Connecticut. Calcium chloride 
and calcium-magnesium chloride were re- 
covered from brine by two companies in 
California and four companies in Michi- 


gan. Synthetic calcium-magnesium chloride 
was manufactured by one company in New 
York, one in Ohio, and two in Washing- 
ton. Output of these materials was about 
the same as in recent years. 


DOMESTIC PRODUCTION 


Pfizer, Inc., produced a modest quantity 
of calcium metal at Canaan, Conn. The 
metal was made by heating quicklime with 
aluminum in vacuum retorts, and was sold 
for use as a reducing agent for other met- 
als. 

Two companies in California and four 
companies in Michigan recovered 632,000 
tons of 75-percent-equivalent calcium-mag- 
nesium chloride valued at $15,225,000 from 
brine. Producers were: The Dow Chemical 
Co. at Ludington and Midland, Mich.; 
Wyandotte Chemicals Corp. at Wyandotte, 
Mich.; Michigan Chemical Corp. at St. 
Louis, Mich.; Leslie Salt Co. at Amboy, 


Calif.; Wilkinson Chemical Corp. at May- 
ville, Mich.; and National Chloride Co. of 
America at Bristol Lake, Calif. 

Allied Chemical Corp., Onondega, N.Y.; 
PPG Industries, Barberton, Ohio; and 
Hooker Chemical Corp. and Reichold 
Chemicals, Inc., Tacoma, Wash., manufac- 
tured synthetic calcium-magnesium chlo- 
ride as a byproduct of soda ash. 

The Calcium Chloride Inst, a national 
trade organization headquartered in Wash- 
ington for the past 25 years was disbanded. 

Wyandotte Chemicals Corp. discontinued 
production of calcium chloride at Wyan- 
dotte, Mich. in December 1970. 


CONSUMPTION AND USES 


Calcium metal was sold for use as a re- 
ducing agent to obtain other metals from 
their oxides, chlorides, or fluorides; in in- 
organic chemical reactions; and for purify- 
ing petroleum fractions. Other important 
uses were in the manufacture of calcium 
hydride; in the manufacture of pure 
grades of calcium pantothenate; as a puri- 
fying agent in steel; and as an alloying 
element in aluminum, beryllium, copper, 
nickel, and lead. 


Calcium-magnesium chloride was used 
mainly as a deicer for roads, streets, 
bridges, and pavements. It is usually mixed 
with rock salt in proportions that vary 
with temperature, and range from 1 to 4 
at 32?F, 1 to 3 at 25?F, 1 to 1 at 15°F, 
and straight calcium chloride below 10°F. 
Other important uses were as a deliques- 
cent in dust control for roads, and as an 
accelerator for concrete. 


1 Physical scientist, Division of Nonmetallic 


Minerals. 
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PRICES AND SPECIFICATIONS 


Price schedules for calcium metal were 
about the same as in previous years, rang- 
ing from $1 to $5 per pound. 

Calcium chloride is usually sold either as 
solid flake or pellet averaging about 75 
percent CaCl2, or as a concentrated liquid 
averaging about 40 percent CaCl». Price 
quotations for calcium chloride are shown 
in table 1. Computed on a 75-percent- 
equivalent basis, the value of calcium-mag- 
nesium chloride f.o.b. plant in 1970, was 
$24 per ton. On the same basis, synthetic 
materials sold for $33 per ton. 


Table 1.—Price quotations for calcium 
chloride in 1970 
(Per short ton) 


Grade Jan. 5 Dec. 28 
Flake or pellet, 94-97 percent 1 VER 25 rs 50 
Flake, 77-80 percent !........... 9.50 2.50 
Powdered, 77 percent minimum !_ 46 00 51 .00 
Liquor, 40 ercent2_____ __ 16.00 16.50 
Granulated, U.S. P... 580.00 580. 00 


1 Paper bags, carload lots, plant, freight equalized. 
2 Tank an freight equalized. 


3 225-pound drums, freight equalized. 
Source: Oil, Paint and blc V. 197, No. 
1, Jan. 5, 1976; v. 198, No. 26, Dec. 28, 1970. 


FOREIGN TRADE 


Total imports of calcium and various 
calcium compounds were 183,286 tons val- 
ued at $9,537,000 in 1970. 

Eighty-two tons of calcium metal were 
imported from Ontario, Canada. The 8,280 
tons of calcium chloride imported came 
principally from Canada, and Belgium, 
and were 10 percent less in quantity than 
in 1969. 


Other imports included 52,420 tons of 
calcium nitrate from Norway, West Ger- 
many, Sweden, Canada, and Belgium; 
33,164 tons of dicalcium phosphate from 
Belgium, Canada, and West Germany; 
27,336 tons of calcium borate from Tur- 
key; 18,649 tons of calcium carbide from 
Canada; 15,793 tons of calcium cyanide 
from Canada and Mexico; 13,658 tons of 
whiting from France, the United Kingdom, 
Belgium, Switzerland, and West Germany; 
7,750 tons of calcium cyanamide; 1,714 
tons of precipitated calcium carbonate; 922 
tons of calcium hypochlorite; 15 tons of 
calcium sulfate; 10 tons of calcium tungs- 
tate; and 3,493 tons of miscellaneous cal- 
cium compounds. 


WORLD 


Calcium metal was produced in Canada, 
France, and the United States. Dominion 
Magnesium Limited manufactured calcium 


Table 2.—U.S. imports for consumption 
of calcium and calcium chloride 


Calcium Calcium chloride 
Year — — — ——ũ — 
Pounds Value Short Value 

tons 
1966 85,941 $72,176 2,499 $81,012 
19677. 423,631 370,407 4,385 157,570 
19688. 137,251 120,416 14,069 522, 680 
1969. r 662,200 r 619,000 ,2 9,998 
1970 164,769 141. 12 5 8,280 359,096 

r Revised 


Table 3.—U.S. imports for consumption 
of calcium chloride, by countries 


Country Short tons Value 
, cede bee 6,233 $247,082 
Belgium. .............-.-.- 1,438 45,375 
United Kingdom 235 6,193 
Ae WEE 8 220 43,324 
CODEN MAA AN 102 4,200 
West Germany. ............ 52 12,972 
rr 8,280 359,096 
REVIEW 


at Haley, Ontario. Planet-Wattohm S. A. 
produced calcium in France. 


Carbon Black 


By Richard B. Smith 1 


Production of carbon black decreased 
slightly in 1970 from an alltime high point 
in 1969. Carbon black shipments were 
down 4.4 percent, and producers’ stocks in- 
creased 42.3 percent at yearend to a 12- 
year high. 


The trend of increasing percentages of 
furnace black production continued in 
1970 when 96.1 percent of all carbon black 
production was by the furnace process. 
Channel black production decreased from 
45 percent in 1969 to 3.9 percent of total 
carbon black production in 1970. Exports 
of carbon black declined 1.8 percent below 
1969 levels; domestic sales decreased 4.6 
percent. 


The rubber industry continued as the 
leading user of carbon black in 1970. Sales 
for use in the manufacture of rubber ac- 
counted for 93.8 percent of total domestic 
sales. Preliminary data for passenger car 
tire production, which accounts for 87 per- 
cent of all tires produced, indicated an 8.9 
percent drop from 180.6 million tires in 
1969 to 164.6 million in 1970. Passenger 
car tire shipments decreased 4.9 percent to 
168.6 million in 1970. 


The carbon black industry produced at 
78 percent of capacity in 1970, down from 
81 percent in 1969. The principal changes 
in capacity occurred in Alabama and Ohio, 
where two new plants contributed to a 
net gain of 243,991 pounds per day in 
U.S. capacity. Total capacity of U.S. carbon 
black plants in 1970 was 10,282,630 pounds 


daily, an increase of 2.4 percent over ca- 
pacity in 1969. 

Yearend 1970 inventories increased 42.8 
percent above 1969 levels as production ex- 
ceeded shipments by 89 million pounds. 
Producers’ stocks of furnace black led 
channel black 274 million pounds to 22 
million pounds, respectively, at yearend. 
Total producers' stocks were 296 million 
pounds at the end of 1970. The average 
value of carbon black at the plant in 1970 
was 7.58 cents per pound, up from 7.26 
cents in 1969. 

The volume of natural gas used in the 
manufacture of carbon black declined 12.6 
percent below the 1969 level, whereas total 
production of carbon black declined only 
1.1 percent. This reflects the trend toward 
production of smaller percentages of chan- 
nel black, manufactured from natural gas, 
and larger percentages of furnace black, 
manufactured from liquid hydrocarbon. 
The amount of liquid hydrocarbon used in 
1970 was down less than 0.1 percent from 
the amount in 1969, 

Yields of carbon black produced from 
liquid hydrocarbons increased in 1970; 
yields from natural gas decreased. Each 
gallon of liquid hydrocarbon consumed 
yielded an average of 4.87 pounds of car- 
bon black, up from 4.78 pounds in 1969. 
The yield from natural gas in 1970 was 
6.20 pounds of carbon black per 1,000 
cubic feet of gas consumed, compared with 
6.28 pounds in 1969. 


1 Petroleum engineer, Division of Fossil Fuels. 


Table 1.—Salient statistics of carbon black produced from natural gas and 
liquid hydrocarbons in the United States 
(Thousand pounds) 


1966 1967 1968 1969 1970 
Production: 
Channel process 153,117 149,420 142,948 132,471 113,548 
Furnace proceng. 2,418,435 2,334,420 2,668,858 2,830,790 2,817,605 
M ³· Ss eee eee 2,571,552 2,483,840 2,811,806 2,968,261 2,931, 153 
Shipments: 
Domestic sales 2,277,595 2,216,145 2,588,402 2,777,949 2,649,521 
WS POPS L wie Su A A 97,281 36,035 263,122 96,203 192,636 
Total. uz ua 2: z. 777... Le 2,574,876 2,452,180 2,851,524 2,974,152 2,842,157 
„ CE CT CHR MN S 1,236 559 359 5,259 929 
vet stocks Dec. 31 i. 233,145 264,247 224,170 208,020 296,087 
alue: 
Production............ thousand dollars.. $184,308 $178,158 $205,849 $215,120 $222,271 
Average per pound..............- cents. 7.17 7.17 7.32 7.26 7.58 
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Figure 1.—Production by States, shipments by use, and exports, and stocks of carbon black. 
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PRODUCTION AND CAPACITY 


Production by States.—Production of 
carbon black in 1970 totaled 2,931.2 mil- 
lion pounds, a decrease of 32.1 million or 
1.1 percent below the 1969 level. Texas 
and Louisiana, which supply more than 80 
percent of U.S. production, decreased their 
output 3.2 and 6.1 percent, respectively, 
from 1969 to 1970. This decrease was al- 
most offset by a 16.3-percent increase in 
carbon black productíon from other States. 
Significant changes in production occurred 
in 1970 in Alabama and Ohio, where new 
carbon black plants became operational. 
West Virginia production was up 87.8 per- 
cent, and Kansas and New Mexico were 
down 18.9 and 21.3 percent, respectively. 


Production by Grades and Types.—The 
seven major grades of carbon black pro- 
duced by the furnace process, plus thermal 
black, comprised 96 percent of U.S. pro- 
duction in 1970. The balance was pro- 
duced by the channel process, which 
continued its long-term trend by decreas- 
ing 14.8 percent below the 1969 level to 
113.5 million pounds in 1970. 


In the furnace category, high abrasion 
furnace (HAF) grade constituted the larg- 
est single grade produced in 1970 and ac- 
counted for 29 percent of total furnace 
black. Production of HAF grade increased 
from 595 million pounds in 1965 to 827 
million pounds in 1970, an increase of 39 
percent. Second in quantity produced is 
the intermediate abrasive furnace (ISAF) 
grade, which comprised 19.4 percent of 
furnace black production in 1970. During 
the interval 1965-70, output of ISAF grade 
increased from 504 million to 546 million 
pounds, or 8.2 percent. This growth rate 
was less than the 27.7-percent growth in 
the combined production of all grades of 
furnace black during the same period. 


Production of channel blacks declined 


owing to reduced sales in its principal uses; 
inks, pigments, mechanical goods, natural 
rubber, off-the-road tires and other types 
of truck tires. 

Number and Capacity of Plants.—Al- 
though the total number of carbon black 
plants decreased by one in 1970, the total 
capacity of all plants increased 2.4 percent, 
owing principally to the completion of 
new plants in Alabama and Ohio. 


The capacity of carbon black plants in 
Texas decreased from 54 percent of the 
U.S. total in 1960 to 45 percent in 1970. 
During the same period plant capacity in 
Louisiana increased from 28 percent of the 
U.S. total to 34 percent. Plants in other 
States increased from 18 percent to 21 per- 
cent of U.S. capacity. 


In 1960 there were 15 channel black 
plants and 27 furnace black plants in the 
United States. By 1970 there were only 
four plants using the channel process and 
33 furnace plants. The 37 plants had a 
total capacity in 1970 of 10.3 million 
pounds per day, or 59.8 percent more ca- 
pacity than the 42 plants had in 1960. 


Materials Used and Yields.—In 1970 
the amount of carbon black manufactured 
from liquid hydrocarbons was up 1.7 per- 
cent from the 1969 level of 2,507 million 
pounds. The consumption of natural gas 
for this purpose was down 12,367 million 
cubic feet, or 12.6 percent. Yields from liq- 
uid hydrocarbons in 1970 averaged 4.87 
pounds of carbon black per gallon used, up 
from 4.78 pounds per gallon in 1969. Nat- 
ural gas yielded 6.2 pounds per thousand 
cubic feet, a 1.3-percent decrease from 1969. 


The average value of natural gas used to 
manufacture carbon black in 1970 was 2.65 
cents per pound of black, or 76 percent 
more than the average cost of using liquid 
hydrocarbons. 


CONSUMPTION AND USES 


Domestic sales of carbon black de- 
creased in 1970 by 128 million pounds, or 
4.6 percent; exports decreased 3.6 million 
pounds, or 1.8 percent. Sales to the rubber 
industry, which represent 94 percent of do- 
mestic sales, were down 5 percent to 2,486 
million pounds in 1970. 


Sales of carbon black to the ink, paint, 
and paper industries also declined in 1970. 
Sales to manufacturers of ink decreased 0.3 
percent, and sales to the paint industry 
dropped 18 percent. Carbon black sales to 
the paper industry continued its trend by 
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declining 20 percent below the 1969 level, 
or 48 percent below the 1963 level of sales. 
Sales of carbon black to the plastics indus- 
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try are included in table 7 under “Miscel- 
laneous” sales, the only sales category 
which gained in 1970. 


STOCKS 


Inventories of carbon blacks increased 88 
million pounds in 1970, with an increase 
of 4 million pounds of channel black and 
84 million pounds of furnace black. Chan- 
nel black stocks increased 19 percent over 
1969 levels. Stocks of the general purpose 
furnace (GPF) type increased 26.8 million 


pounds, or 134 percent. Semireinforcing 
furnace (SRF) and thermal types in- 
creased 13.4 and 14.1 million pounds, re- 
spectively. The only grade having a decline 
in producers’ stock in 1970 was high mod- 
ulus furnace (HMF), which dropped 470 
thousand pounds, or 18.7 percent. 


FOREIGN TRADE 


In 1970 carbon black exports totaled 
192.6 million pounds, the lowest level since 
1945. During the intervening 24 years ex- 
ports grew in both quantity and value 
until a high level was reached in 1960. 
That year 543 million pounds valued at 
$49.6 million was exported by the United 
States. Since 1960 exports have declined in 
quantity by 65 percent and in value by 51 
percent. The value of carbon black exports 
reached a low of $22.9 million in 1969, 
from which it increased 7 percent in 1970 
to $24.5 million. 

Exports of carbon black in 1970 con- 
sisted of 75 percent furnace black, up from 
70 percent in 1969. Over the past 10 years 
furnace black has comprised 70 to 80 per- 
cent of total carbon black exports, the bal- 
ance being channel black. 

European countries are by far the best 


customers for U.S. exports of carbon black. 
They accounted for 58 percent of the 
quantity and 59 percent of the value of 
total exports in 1970. More than 84 per- 
cent of U.S. exports to Europe were re- 
ceived by five countries: France, the 
United Kingdom, West Germany, the 
Netherlands, and Italy. Canada uses 60 
percent of all U.S. carbon black exported 
to Western Hemisphere countries. 

In 1970 most of the carbon blacks im- 
ported into the United States were spe- 
cialty blacks. About 5.2 million pounds of 
acetylene black was imported from Canada, 
and another 644,000 pounds came from 
East Germany. About 541,000 pounds of 
bone black was supplied by East and West 
Germany and the United Arab Republic. 
No lampblack was imported in 1970. 


WORLD REVIEW 


World production of carbon black in- 
creased in 1970 by 175.5 million pounds 
over the 1969 level, with 95 percent of the 
gain attributable to three countries. Japan 
accounted for 43 percent of the gain by 
producing 650.5 million pounds of carbon 
black in 1970, up 13.2 percent from the 
1969 level of 574.5 million pounds. West 
Germany was responsible for 28 percent of 
the gain in world production from 1969 to 
1970, and was the third highest producer 


after the United States and Japan. The 
third country responsible for the gain in 
world production, Italy, increased its out- 
put 18 percent to 272.4 million pounds in 
1970, which represented 24 percent of the 
gain in world production. The largest in- 
crease in carbon black production during 
the period 1968-70 occurred in Japan, 
where, its 1970 production of 650,511,000 
pounds was 35 percent higher than its out- 
put in 1968. 
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TECHNOLOGY 


Carbon black, a petrochemical, is an ex- 
tremely fine soot, primarily carbon (90 to 
99 percent), which contains some oxygen 
and hydrogen. Oil furnace blacks may also 
contain small amounts of sulfur. The fur- 
nace process, which accounts for 96 out of 
every 100 pounds produced, breaks down 
into three different processes: Oil furnace, 
gas furnace, and thermal. Brief descrip- 
tions of these processes, and the channel 
process follow. 

Channel Black—Made by the oldest 
process, channel black is a product of in- 
complete combustion of natural gas. Small 
flames are impinged on cool surfaces, or 
channels, where carbon black is deposited 
and then scraped off as the channel moves 
back and forth over a scraper. The proper- 
ties of channel blacks are varied by 
changes in burner tip design, distances 
from tip to channel, and the amount of 
air made available for combustion. The 
process is extraordinarily inefficient chemi- 
cally. For rubber reinforcing grades, the 
yield is only 5 percent; for finer particle 
size, high-color blacks, the yield shrinks to 
1 percent. Low yields and rising gas prices 
have spurred the industry to develop other 
methods to make blacks. 


Gas Furnace.—The gas furnace process is 
based on partial combustion of natural gas 
in refractory-lined furnaces. Carbon black 
is removed by flocculation and high-vol- 
tage electric precipitators. Yields of the 
gas furnace blacks range from 10 to 30 
percent and are lowest for the smaller par- 
ticle size grades. Properties of gas furnace 
blacks can be modified to a degree by 
changing the ratio of air to gas. The 
grades SRF, HMF, and FF are generally 
produced from gas. (The full name of each 
grade is given in the footnotes to table 
3.) 

Thermal.—Unlike channel and furnace 
blacks, thermal blacks are produced by 
cracking a hydrocarbon; that is, by sepa- 
rating the carbon from the hydrogen and 
not by the combustion of a hydrocarbon. 
Thermal furnaces are built in a checker- 
board brickwork pattern. Two refractory- 
lined furnaces or generators are used. One 
generator is heating, using hydrogen as a 
fuel, while the other generator is being 
charged with natural gas, which decom- 
poses to produce thermal black and hydro- 


gen. The hydrogen is collected and used as 
fuel for the generator being heated. Yields 
of carbon black are primarily in the large 
particle sizes and range from 40 to 50 per- 
cent. 

Oil Furnace.—In the oil furnace process, 
liquid hydrocarbons are used. Natural gas 
is generally burned to furnish the heat of 
combustion, and atomized oil is introduced 
into the combustion zone to be burned to 
various grades of carbon black. Yields 
range from 35 percent to 65 percent de- 
pending on the grade of black produced. 
Oil furnace grades are GPF, FEF, HAF, 
ISAF, and SAF. (The full name of each 
grade is given in the footnotes to table 3.) 

The most desirable feedstock oil for fur- 
nace black plants has 0? to 4? API gravity 
and is low in sulfur and high in aromatics 
and olefins. It comes from near the “bottom 
of the refinery barrel" and is similar in 
many respects to residual fuel oil. The ris- 
ing cost of natural gas has been a factor 
in the shift to greater use of liquid feed- 
stocks and a decline in the use of natural 
gas as a source of carbon. At the same 
time, it should be recognized that oil fur- 
nace processing has become very flexible. 
Oil furnace blacks supplement channel 
blacks in most high-performance applica- 
tions, notably passenger car tire treads. 
Over the past 2 decades, carbon black 
technology has centered on the oil furnace 
black process. 

Lampblacks—Lampblacks are manufac- 
tured by slowly burning selected oils and 
tars in a restricted supply of air. These 
blacks are of large particle size, possess lit- 
tle reinforcing ability in rubber, and are 
lower in jetness and coloring power. They 
are of value as tinting pigments in certain 
paints and lacquers. In most applications 
they have been replaced by carbon blacks. 


Acetylene black.—Acetylene blacks, pro- 
duced by the thermal decomposition of 
acetylene, possess a high degree of struc- 
tural or chaining tendency. Their particle 
size is about 40 millimicrons. They provide 
high elastic modulus and high conductivity 
in rubber stocks. 


A new process reportedly is being deyel- 
oped to convert old tires into carbon 
black. The process thermally decomposes 
tires and converts them at the rate of 
one-half ton of carbon black produced for 
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every ton of old tires consumed. Road tests 
have been conducted on tires containing 
carbon black made by the process. Report- 
edly, tire wear is equal to that of tires 
containing ordinary carbon black. 

The basic raw materials for carbon black 
are natural gas and oils; hence, most car- 
bon black producing plants have been lo- 
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cated near a fuel and raw material supply 
in southern Louisiana and in the Texas 
Panhandle. The carbon black is trans- 
ported from there to the rubber plants. 
Recently, however, the carbon black indus- 
try has begun to change its policy by 
building new facilities near the largest cus- 
tomers, the rubber manufacturers. 


Table 2.—Carbon black produced from natural gas and liquid hydrocarbons in the 
United States, by States 
(Thousand pounds) 


Change 

State 1966 1967 1968 1969 1970 from 1969 

(percent) 
Louisiana.................-..-..- 899,178 923,286 1,031,349 1,045,902 982,416 —6.07 
e ES 1,296,292 1,214,349 1,426,307 1,442,033 1,395,851 —3.20 
Other States 76,082 46,205 354,150 475,326 52,886 +16.32 
dtr AA AA 2,571,552 2,483,840 2,811,806 2,963,261 2,931,158 —1.08 
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Table 4.—Number and capacity of carbon black plants operated in the United States 


Number of plants 
— Total daily capacity 
1969 1970 (pounds) 
State County or Parish — M  _—V rn m —InTQoc 
Chan- Fur- Chan- Fur- 1969 1970 
nel nace nel nace 

Aran sas xm 1 > 1 
, 1 E 1 E 
¡A A Reemi 1 T 1 Si 
Gaines A 1 a 1 d 
e S A E SR E az 1 ES 1 
Harris P 1 aes 1 

Texas........- Howar . . - 2 >S 2 4,550,078 4,630,187 
Hutchinson 4 aue 2 
Montgomery........-......- M 1 ES 1 
Moore A 1 mA 1 
A n m 1 c 1 
Teppy: cuca A sS 1 a 1 
Wheeler e 1 M 1 

Total Teasss 4 14 3 12 4,550,078 4,630,187 
Avoyelles..................- A 1 "RM 1 

alo ICE NE WW i EN ] 3,568,055 3,492,574 

: vangelinne a DS 1 " , : 

Louisiana. Ouachit/aa. % — 2 — 2 
St. Marx ee Seil wg e SR 3 Sie 3 
West Baton Rouge a 1 ER 1 

Total Louisiannaeꝛ E 9 3 9 3,568,055 8,492,574 
Alabama...... Russell.. ER RS > 1 
Arkansas. Uniensnsn LT an oe. 1 e 1 
Contra Costa ae 1 ee 1 
California E SEENEN ae 2 ae 2 
Mojave (District)... ........ ES 1 Sa 1 

Kansas Grant-.. l o iaa = 1 d 1 1,920,506 2,159,919 
New Mexico... 15 ZS Q NS 1 1 l 

. a ect maa = 

Ohio „ Eie ence is 1 — 1 
Oklahoma Kay e c 1 EM 1 
West Virginia Pleasan ts m 1 e 1 

Total other States 1 10 12 1,920,506 2,159,919 


Total United States 5 33 4, 33 10,088,689 10, 282, 630 
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Table 5.—Carbon black and the feedstocks used in its production, by States 


Louisiana Texas Other States 1 Total 
1969 
Carbon black production: 
Total ----------------- thousand pounds.. 1,045,902 1,442,033 475,326 2,963,261 
Value thousand dollars. _ $70,768 $110,816 $33,536 $215,120 
Average value cents per pound 6.77 7.68 7.06 7.26 
Natural gas used: 2 
I; million cubic feet. . 27,834 55,199 15,218 98,251 
Valle thousand dollars $4,891 $7,549 $2,184 $14,624 
Average value 
cents per thousand cubic feet. 17.57 13.68 14.35 14.88 
Carbon black produced 3 thousand pounds 826,168 64,592 65,099 455,859 
Liquid hydrocarbons used: 

A thousand gallons. . 152,891 292,293 79,186 524,370 
Valle thousand dollars 310, 813 321. 195 35,921 $37,929 
Average value cents per gallon. _ 7.07 7.25 r 7.48 7.23 
Carbon black Ge CC pounds.. 719,734 1,377,441 410,227 2,501,402 

Carbon black production: 
Total e ata ro sus 2 thousand pounds. . 982,416 1,395,851 552,886 2,931,153 
lle thousand dollars 370, 566 $112,461 $39,244 $222,271 
Average value............ cents per pound 7.18 8.06 7.10 7.58 
Natural gas used: ? 
Dee!!! 8 million cubic feet. 24,404 50,351 11,129 85,884 
lese thousand dollars $4,015 $8,115 $1,995 $14,125 
Average value 
cents per thousand cubic feet. 16.45 16.12 17.93 16.45 
Carbon black produced 3__thousand pounds 268,179 55,987 57,252 881,418 
Liquid hydrocarbons used: 
Totalo cabras otra seda thousand gallons. . 150,601 276,677 96,636 523,914 
Value thousand dollars $10,360 $20,538 $7 ; 606 $38 , 504 
Average value cents per gallon... 6.88 7.42 7.87 7.35 
Carbon black produced. . thousand pounds. . 714,237 1,339,864 495, 634 2,549,735 
r Revised 


1 Arkansas, California, Kansas, New Mexico, Ohio, Oklahoma, and West Virginia. 
2 Includes natural gas used to enrich liquid hydrocarbons. 
3 Produced from natural gas used as feedstock. 


Table 6.—Natural gas and liquid hydrocarbons used in manufacturing carbon black 
in the United States and average yield 


1966 1967 1968 1969 1970 
Natural gas used 1. million cubic feet.. 114,936 108,961 104,973 98,251 85,884 
Average yield of carbon black per thou- 
sand cubic feet 22 pounds 5. 75 5. 54 5.79 6.28 6.20 
Average value of natural gas used per 
thousand cubic feet cents 14.45 14.02 13.71 14.88 16.45 
Liquid hydrocarbons used. -thousand gallons.. 433,700 421,286 484,404 524,370 523,914 
Average yield of carbon black per garon 
pou 4.72 4.79 4.86 4.78 4.87 
Average value of liquid hydrocarbons used 
per gallon ------------------ cents 7.09 7.07 7.11 7.23 7.35 
Number of producers reporting 9 9 8 9 9 


Number of plants. `. 34 35 35 38 37 


1 Includes natura! gas used to enrich liquid hydrocarbons. 
2 55 yield based on natural gas used as feedstock, excluding natural gas used to enrich liquid hydro- 
carbons. 


Table 7.—Sales of carbon black for domestic consumption in the United States, by uses 
(Thousand pounds) 


Change 

Use 1966 1967 1968 1969 1970 from 1969 
(percent) 

TAK ose Gee ease 63,682 63,963 67,721 73,077 72,824 —0.347 
LN EE 11,959 12,553 13,435 17,711 14,570 —17.73 
d AI 6,108 5,658 4,710 5,668 4,527 —20.13 
Plastics. ._.--..-.-.. 21,945 20,907 26,863 (1) J 
Rubber 2,181,169 2,072 , 543 2,445,550 2,616,166 2,486,146 —4.97 
Miscellaneous 2 42,732 40,521 30,123 65,327 71,454 +9.38 
Total......... 2,277,595 2,216,145 2,588, 402 2,777,949 2,649 521 —4.62 


1 Included in “Miscellaneous.” 
2 Chemical, food, and plastics (1969, 1970) combined with “Miscellaneous” to avoid disclosing individual 
company confidential data. 
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"Table 8.—Producers’ stocks of channel- and furnace-type blacks in the United States, 
December 31 
(Thousand pounds) 
Furnace 
Year Channel Total 
SRF! HMF: GPF! FEF! HAF! SAF! ISAF 1 Thermal Total 
1966.... 85,479 5,570 15,709 21,411 53,844 4,925 48,801 9,615 189,854 48,291 233,145 
1967.... 48,747 4,916 13,669 20,029 58,688 6,284 87,951 26,948 212,227 52,020 264,247 
1968.... 29,695 2,900 14,756 20,047 55,590 3,592 41,621 23,074 191,275 32,895 224,170 
1969.... 24,478 2,518 20,082 22,254 48,725 4,734 38,712 28,044 189,547 18,473 208,020 
1970.... 87,875 2,048 46,930 24,771 64,106 5,666 50,513 42,119 274,028 22,059 296,087 
1 For explanation, see footnotes to table 3. 
Table 9.—U.S. exports of carbon black, by countries 
(Thousand pounds and thousand dollars) 
1968 1969 1970 
Country 
Quantity Value Quantity Value Quantity Value 
North America: 
/ 29, 189 $2,455 26,454 $2,394 21,917 $2,195 
Guatemala. ..............- 3,042 250 1,13 98 1,18 113 
¡ES 4,780 556 4,089 415 2,742 302 
OUNG? AAA eee 3,085 279 1,037 98 1,766 178 
Total costco e 40,096 3,540 82,712 3,005 27,611 2,788 
South America: 
Argentina 2,419 300 1,914 273 1,793 304 
Brazil 4, 800 465 2, 865 301 5,343 565 
Chile... capillas 627 79 455 50 857 58 
Colombia... 466 97 475 78 515 104 
OP 8 8,731 792 338 35 231 25 
Venezuela. ...............- 1,409 138 2,916 228 695 88 
Other*.. Sus 22. a 844 88 893 57 202 24 
tl 19,296 1,954 8,816 1,022 9,136 1,168 
Europe: 
Belgium-Luxembourg......- 5,804 530 8,448 826 4,559 409 
Denmark 2,185 322 1, 105 154 1,855 273 
Finland 1,044 156 314 39 412 69 
Feanee 36,523 8,822 88,236 8,625 85,608 8,751 
Germany, West. .........- 23,871 2,258 15,041 1,647 15,338 1,766 
A 22,425 2,695 10,934 1,384 12,055 1,657 
Netherlands F 3,793 479 2,470 320 13,484 2,047 
, lez 1,145 101 934 72 1,052 84 
Portugal... -.-..-.--------- 709 83 1,668 148 509 66 
JA IE 5,047 602 8,684 445 4,457 587 
Sweden 6,075 515 2,880 217 3,392 338 
Switzerland. 2, 504 210 1.511 150 1,271 145 
S: A A 66 65 7,345 809- AAA 
United Kingdom 24, 597 3,675 17,117 2,782 16,638 3,032 
Yugoslavia 436 4 72 12 14 38 
Other. le olere 789 87 568 73 331 76 
DOUG sc) cerita 136,963 15,643 101,827 12,257 110.608 14,338 
Africa: i 
Ghana 35 3 818 72 1. 122 100 
South Africa, Republic of 7,736 786 4,660 463 6,696 646 
hf... ee 1,427 122 49 57 427 94 
Totál too la 9,198 911 5,976 592 8,245 840 
Asia: 
MARS s 3,505 376 5,554 587 1,468 207 
Indonesia 1,766 148 759 65 432 38 
r 1,150 112 139 12 1,457 132 
Ae T- PEEN 1,287 117 555 55 383 42 
PCT 12, 093 2, 234 8, 109 2,117 9, 905 2, 596 
Korea, Republic oft 11,026 1,041 13,779 1,375 3,481 354 
Pakistans 206 17 1,794 173 3,159 292 
Philippines 8,737 770 3,614 333 689 69 
South Vietnam 352 44 800 79 1,368 144 
Thailand. ................- 2,310 198 958 82 1,406 124 
Turek cese 935 96 428 47 1,798 160 
Gr ee ied 2,560 350 1,677 233 1,839 240 
TOA E 45,927 5,503 38,166 5,158 27,385 4,398 
Oceania: 
Australia 8,348 773 5, 384 559 6,951 728 
New Zealand. .............- 3,294 302 3,322 322 2,705 245 
g OUR A 11,642 1,075 8,706 881 9,656 973 
Grand total.............. 263,122 28,626 196,203 22,915 192,636 24, 505 


CARBON BLACK 965 


Table 10.—U.S. exports of carbon black in 1970, by months 
(Thousand pounds and thousand dollars) 


Channel Furnace Total 
Month — —— — —ü —ä——6ãñ—ä——ů— .Ñ ———-j-q 

Quantity Value Quantity Value Quantity Value 

l eI eec P h 6,125 $1,389 11,942 $1,049 18,067 $2,438 
,, ß 4,093 924 11,022 970 15,115 1,894 
March ica ii a 6,194 1,321 10,948 967 17,142 2,288 
P ee a u niha 8,602 840 17,030 1,471 20,632 2,311 
A Q MEUM Re EE 3,135 765 17,199 1,566 20,334 2,331 
Jule... cflet ß 2,728 621 13,155 1,111 15,883 1,732 
PUNY de A ie 6,534 1,711 15,514 1,420 22,048 3,131 
¿IA EE 2,538 732 8,914 877 11,452 1,609 
September. 3,147 769 9,014 828 12,161 1,597 
Geier 8 2, 280 637 9,447 847 11.727 1.484 
November.__..... 5,611 1,222 10,147 921 15,758 2,143 
December 2, 569 673 9,748 874 12,317 1. 547 
% ³˙’w] sa ua 48, 556 11,604 144, 080 12,901 192,636 24,505 


Table 11.—Carbon black: World production, by countries 
(Thousand pounds) 


Country ! 1968 1969 1970 p 

ALZOLA ai 48,444 52,911 e 55,000 
717 E K 8 r 88,200 120, 200 2 109,100 
e ß ß eh et simu a r 260, 476 302, 474 e 310,000 
Germany, West. ucu u. u u T m tes 392,406 474,220 523,491 
Jp o a X RE r 55,000 55,000 55,000 
//ͥõĩ“¹ —ẽ. ⁵ ³ 66K. 6 r 205,585 231,088 272,401 
/ ⁵˙ ſ A ⁰ II ee x a r 482,289 574 , 531 650, 511 
Korea, ll et el eee: 8 1,001 7,374 
Netherlands si r 169,976 179,456 189,377 
ROAD EA A E 8 r 120,974 124,411 159,778 
South Africa, Republic of 71,000 71,000 57,800 
Spal AAA AS A ͤ ⁰⁰⁰ A 8 See r 55,000 66,000 66,000 
NEES er 550 er 550 584 
United Kingdom. - o l... eee r 405,200 r 437,000 e 440,000 
United States v l a ai Ve rro ena Ede t 2,811,806 2,963,261 2,931,153 
Venezuela ð³ 16,204 16,001 16,200 
TUPOSIA VIR on uum eer r 19,700 34,240 e 35,000 
Sn AI i 5,202,810 5,703,294 5,878,769 

e Estimate. p Preliminary. r Revised. 


1 In addition to the countries listed, Australia, Belgium, Canada, mainland China, Colombia, Mexico, Nor- 
way, Poland, Sweden, and the U.S.S.R. produce carbon black, but available information is insufficient to make 
reliable estimates of production levels. 

2 Partial figure. (Output of one of two reported producers, data for other producer not available.) 
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Cement 


By Brinton C. Brown ! 


Portland cement shipments decreased in 
1970 to 390,461,000 barrels, 19,365,000 bar- 
rels less than the alltime high shipments 
in 1969. High interest rates, shortage of 
mortgage money, and inflation problems in 
the first half of the year combined to re- 
duce construction activity and the demand 
for cement. Easing of mortgage credit and 
the changing money market did not favor- 
ably affect cement shipments until Decem- 
ber. Although production and shipments 
of cement from domestic plants declined, 
cement and clinker imported for consump- 
tion in the United States reached an all- 
time high, 43 percent above the previous 
record imports in 1969. 

Despite price increases of 5 to 6 percent 
in some market areas, cement production 
and marketing costs rose about 10 percent. 

For the past 3 years demand for coal has 
exceeded production, and as a result, in 
1970 the price to the cement industry rose 
as much as 36 percent. Shortage of low-sul- 
fur coal necessary to meet air pollution 
standards and higher costs impelled 30 
percent of the plants using coal to change 
to natural gas and fuel oil. 

Pollution control agencies adopted new 
standards and a proliferation of new regu- 
lations that had considerable impact on 
the cement industry. A combination of old 
age and pollution abatement regulations 
caused six companies to close 10 plants 
and three companies to permanently retire 
20 additional kilns. This reduced annual 
clinker-producing capacity by  approxi- 
mately 25 million barrels. Virtually every 
plant in the country was modernizing and 
improving dust-collecting facilities. Invest- 
ments for pollution control systems were 
expected to increase in the next few years 
not only to comply with regulations but to 
take advantage of the rapid amortization 
provisions of the Tax Reform Act of 1969. 

Two new portland cement plants were 
placed in operation in 1970, with a re- 


ported combined annual capacity of 4.9 
million barrels. Three companies added 
new kilns to their existing plants during 
the year, increasing the annual capacity 
another 4.5 million. barrels. Two new 
plants under construction with an annual 
capacity of 4.3 million barrels were to be 
in operation in 1971. Two large kilns were 
to replace 14 older and smaller kilns when 
modernization programs were completed in 
1971 at two plants. In addition, plant ex- 
pansions announced by eight companies at 
10 locations will further increase the Na- 
tion’s annual capacity by about 7 million 
barrels within the next few years. 

Concern for environmental quality was. 
not limited to the United States. Landscap- 
ing a 6.4-million-barrel-per-year plant to 
fit in a national park was achieved by the 
Associated Portland Cement Manufacturers, 
Ltd., at its Hope, Derbyshire, England, 
works. The company's landscape architect, 
working with the Peak District National 
Park Planning Board devised a plan to fit 
the plant into the surrounding countryside 
and to landscape the plant so it is almost 
impossible to see from the surrounding vil- 
lages. The shale quarry will be hidden by 
planted trees and the limestone quarry 
will be concealed by leaving a rock bank 
so that it will not disturb the skyline. 

Two cement plants in Northampton, Pa., 
operated by Dragon Cement Co. Division 
of Martin Marietta Corp. and Universal 
Atlas Cement Division of United States 
Steel Corp. were recipients of the 1970 R. 
Emmet Doherty Award in recognition of 
their industry air pollution control leader- 
ship in the Lehigh Valley. 

Legislation and Government Programs. 
—Public Law 91-605, an act to authorize 
the construction of certain highways in ac- 
cordance with title 23 of the U.S. Code, 


! Mining engineer, Division of Nonmetallic Min- 
erals. 
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Table 1.—Salient cement statistics 
1966 1967 1968 1969 1970 
United States: 
Production 13 
thousand 376-pound barrels. . 393,824 377,885 403,349 407,944 395,347 
Shipments from mills 12 do 389, 856 381,824 405,863 418,284 396 , 844 
Value ---- thousands... $1,226,806 $1,210,786 $1,294,533 $1,354,083 $1,336,255 
Average value 12 per barrel. . $3.15 $3.17 $3.19 $3.23 $3.37 
Stocks Dec. 31 at mills ! 4 
thousand 376-pound barrels. _ 40,698 41,529 41,977 37,920 38,333 
Exports. .................- do- 1. 06 980 942 589 847 
Imports for consumption do 7,066 5,913 7,289 9,687 13,812 
Consumption, apparent . do 395,853 386,757 412,210 427,382 6 404,163 
World: Production do. 2,722,068 2,812,729 3,021,620 3,179,863 3,850,142 


1 Excludes Puerto Rico. 


? Includes portland, masonry, and slag cements (1966-69). Excludes slag cement (1970). 
3 Value received, f.o.b. mill, excluding cost of containers. 


* Includes portland and slag cements only (1966-69). 


$ Quantity shipped plus imports minus exports. 


6 Adjusted to eliminate duplication of imports shipped by domestic cement manufacturers. 


and for other purposes was passed on De- 
cember 31, 1970. The National Environ- 
mental Policy Act (PL 91-190) was ap- 
proved by the President in January to 
establish a Council on Environmental 
Quality. Under the Environmental Educa- 
tion Act (PL 91-516) approved in Octo- 
ber, grants will be made supporting educa- 
tional research and pilot projects dealing 
with environmental quality and ecological 
balance. 

The Clean Air Act of 1970 (PL 91-604) 
provides for the establishment of ambient 
air quality standards; authorizes the ad- 
ministrator to monitor emission sources; 
and establishes penalties for violating air 
quality standards. An Office of Noise 
Abatement and Control was established 
within the Environmental Protection 
Agency to study noise and its effects on 
public health. The Secretary of Labor was 
empowered by the Occupational Safety and 
Health Act (PL 91-596) to inspect any 
factory or plant and enforce compliance 
with Federal standards. 

Under the Tax Reform Act of 1969, de- 
ductions are allowed on domestic explora- 


tion expenditures. The act allows a 5-year 
amortization on air and water pollution 
abatement facilities added to plants in op- 
eration on December 31, 1968. Facilities 
must be certified to the Treasury Depart- 
ment as meeting performance standards 
and the rapid amortization deduction is 
limited to facilities im operation before 
January 1, 1975. 

The Federal "Trade Commission (FTC) 
Docket No. 8785 was still pending at year- 
end. The docket deals with a complaint 
against Ash Grove Cement Co. filed in 
July 1969 for alleged violation of section 7 
of the Clayton Act by the company’s ac- 
quisition of Fordyce Concrete, Inc., Lee’s 
Summit Ready-Mixed Concrete and Mate- 
rials Co., and Union Quarries, Also pend- 
ing was FTC Docket 8783, which is a com- 
plaint against Missouri Portland Cement 
Co. filed in June 1969 for alleged violation 
of section 7 of the Clayton Act because of 
the company’s acquisition of Botsford 
Ready Mix Co. In October 1970, the FTC 
ordered OKC Corp. to divest its interest in 
Jahncke Service, Inc, a ready-mixed con- 
crete producer (Docket No. 8802) . 


DOMESTIC PRODUCTION 


PORTLAND CEMENT 


Although two new plants and three 
plant expansions added about 9.4 million 
barrels to the Nation’s cement production 
capacity, 10 old plants were closed by year- 
end and an additional 20 old kilns were 
permanently shutdown, reducing the an- 
nual clinker-producing capacity almost 25 
million barrels. One plant continued to 


produce cement from imported clinker 
after the kiln was shutdown, and another 
plant continued to grind clinker from a 
stockpile. 

Public concern for the quality of the en- 
vironment urged pollution control agencies 
to raise standards and enforce regulations. 
As a result most of the older plants and 
some new plants were modernizing and ex- 
panding their dust collecting facilities. 


CEMENT 


Some companies could not justify the ex- 
pense of installing additional air-pollution 
control equipment in old marginal plants 
and elected to shut them down. More 
plants are expected to be closed in the fu- 
ture. Two new plants that were scheduled 
for operation in 1971 have a capacity of 
about 2.5 million barrels a year more than 
the old plants they will replace. Ten plant 
expansions to be completed in the next 3 
years will add about 7 million barrels to 
the annual capacity. 

In March, Maule Industries Inc. fired 
the first of its two wet-process, 10.5-foot- 
by 12-foot-diameter, 421-foot-long kilns at 
its new Pennsuco plant in Dade County, 
Fla. The 2.4-million-barrel-per-year plant 
is the first in the country to install elec- 
trostatic precipitators at both ends of the 
kilns. All cement produced was shipped in 
bulk because there was no bagging ma- 
chinery installed at the plant. San Juan 
Cement Co., a newcomer in the industry, 
started operating its 2.5-million-barrel-per- 
year plant in the Barrio Espinosa area of 
Dorado near San Juan, P.R., in April 1970 
and reached full production with the sec- 
ond kiln by late summer. Gifford-Hill 
Portland Cement Co. started operating its 
new kiln, 12 feet in diameter by 450 feet 
long, and grinding mills in June 1970 at 
its plant in -Midlothian, Tex. The new fa- 
cilities doubled the capacity to 3 million 
barrels a year. Lehigh Portland Cement 
Co. completed expansion of its Union 
Bridge, Md. plant in November 1970. By 
adding a fourth kiln, new raw and finish 
grinding mills, the capacity was increased 
from 3.5 to 5 million barrels a year. Me- 
dusa Portland Cement Co. increased the 
capacity of its Wampum, Pa., plant from 
2.7 to 4.1 million barrels a year in 1970 
with’ the addition of a 12-foot- by 14-foot- 
diameter, 390-foot-long kiln. 

Lehigh Portland Cement permanently 
closed its 45-year-old plant at Buffalo, 
N.Y., in July. Three of the company’s 
plants averaging 60 years in age were 
closed in the fourth quarter of 1970 at 
Birmingham, Ala., Fogelsville, Pa., and 
Iola, Kans. Alpha Portland Cement Co. 
permanently closed its 70-year-old plant in 
La Salle, III., and its 69-year-old plant at 
Ironton, Ohio, in September 1970 and the 
related terminals at Chicago and Cincin- 
nati by yearend. Giant Portland Cement 
Co. closed its plant at Egypt, Pa., at the 
end of April 1970 because it was uneco- 
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nomical to modify the old plant with 
eight kilns to comply with State air pollu- 
tion control regulations. American Cement 
Corp., Peerless Division, closed its Jefferson 
Avenue plant in Detroit, Mich., at year- 
end. Wyandotte Chemical Corp. early in 
March, shut down the kiln at its plant 
near Detroit and imported clinker for its 
finish mills. Universal Atlas Cement shut 
down its No. 6 mill at Buffington, Ind., in 
August 1970 but continued to operate the 
other cement-producing facilities at the 
same location. 

Ideal Basic Industries, Inc. shut down 
the four kilns at its Redwood City, Calif., 
plant in December mainly because of new 
State and local air and water pollution 
control regulations. When the present 
stockpile of clinker is ground, the storage 
facilities will continue to operate as a dis- 
tribution terminal with cement supplied 
from the company’s plant at Seattle. The 
terminal at Sacramento will be discontin- 
ued. The plant at San Juan Bautista, 
Calif., also scheduled to close because of 
air pollution abatement regulations, was 
permitted to operate under variances to al- 
leviate a serious economic effect on the 
small community. Aetna Portland Cement 
Co. Division of Martin Marietta Corp. shut 
down four old kilns at its Essexville plant 
near Bay City, Mich., but continued pro- 
duction with a fifth, larger kiln. Produc- 
tion was augmented by purchasing clinker. 
Kosmos Portland Cement Co. shut down 
the six oldest of its 10 kilns at Louisville, 
Ky., to reduce dust output by 90 percent 
and will improve dust-collecting facilities 
for the other four kilns. The company 
completed planting 2,000 trees on three 
sides of the plant. 

Dragon Cement Co. was constructing a 
new 2.5-million-barrel plant at Thomaston, 
Maine, to replace the 43-year-old facility. 
Completion was expected. in mid-1971. 
Major equipment installed includes a 
14.25-foot- by 17-foot-diameter by 520-foot- 
long kiln, a 4,500-horsepower (hp) grind- 
ing mill, and a glass bag house. Dragon 
Cement Co. gave 39 acres of land in Rock- 
port, Maine, about 5 miles from Thomas- 
ton, for the site of the new Penobscot Bay 
Medical Center. 

American Cement, Peerless Division's 
new 4-million-barrel cement plant near 
Detroit, Mich., was under construction and 
was scheduled to be in operation in 1971. 
At the company’s Crestmore plant near 
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Riverside, Calif., two mills were converted 
to swing mills to grind either raw material 
or clinker, which added more than 1 mil- 
lion barrels of shipping capacity. One of 
two preheater kilns, inactive since 1965, at 
the Oro Grande, Calif., plant was reacti- 
vated. The kiln added about 750,000 bar- 
rels to the production capacity. 

General Portland Cement Co. introduced 
a new tan-colored cement. The company 
acquired the Pacific Western Industries, 
Inc., 3.3-million-barrel plant at Los Robles, 
Calif. Plans were announced for expanding 
the company’s Florida Portland Cement 
Division’s facilities in Dade County, Fla., 
to increase capacity 20 percent. Plans were 
made to modernize facilities at the Pauld- 
ing, Ohio, plant. 

California Portland Cement Co. installed 
a new finish-grinding mill that increased 
grinding capacity at the Mojave, Calif., 
plant. The company's Arizona Portland 
Cement Co. Division increased its Rillito, 
Ariz., plant grinding capacity to 42 mil- 
lion barrels a year with the addition of a 
new finish mill. The company started ex- 
panding and modernizing the Rillito plant 
with the addition of a kiln, raw-grinding 
mill, crusher facilities, a 5-mile belt con- 
veyor for transporting raw material from 
the quarry to the plant, and air pollution 
control equipment. It was expected to be 
completed by the end of July 1971. 

Hawaiian Cement Co. started construct- 
ing a new 10-foot- by 12-foot-diameter by 
240-foot-long kiln and dust-collection facili- 
ties at its plant in Ewa Beach, Oahu, to 
increase capacity to 2.5 million barrels a 
year. Louisville Cement Co. announced 
plans to install a new kiln with an annual 
capacity of 2 million barrels at its Speed, 
Ind., plant. This kiln is expected to be in 
operation by the end of 1973 and to re- 
place three small, old kilns. Discussions 
were terminated on the proposed merger 
between Louisville Cement Co and Kaiser 
Cement & Gypsum Corp. 

Marquette Cement Manufacturing Co. 
was installing a 15-foot- by 17-foot-diameter, 
520-foot-long kiln to replace six old kilns 
and to increase annual production capacity 
by 450,000 barrels at its plant in Hagers- 
town, Md. A 3,000 hp raw-grinding mill 
replaced four old raw mills, and pollution 
control equipment was being installed to 
meet the Maryland Air Pollution Law re- 
quirements. Completion was expected in 
February 1971. Plans were announced to 
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modernize the company’s plant at Oglesby, 
Ill by replacing eight kilns, all over 60 
years old, with a 2.5-million-barrel kiln 
identical to the new one at Hagerstown; to 
install a 4,400 hp finish-grinding mill; and 
to erect pollution control equipment. At 
Trident, Mont., production capacity will 
be increased 12 percent when Ideal Basic 
replaces four small kilns with one large 
kiln and installs a new crusher and raw- 
grinding and dust-collecting facilities by 
mid-1973. Puerto Rican Cement Co. con- 
verted its white cement facilities at Ponce, 
P.R., to gray cement production to help 
alleviate the cement shortage on the is- 
land. 

Calaveras Cement Co., Division of the 
Flintkote Co., was installing a 17.6-mile 
pipeline to convey slurry from its quarry 
to the plant at San Andreas, Calif. Con- 
struction of the crushing and grinding fa- 
cilities were started in 1970. The facilities 
were to be completed in June 1971, at 
which time the slurry would be ground to 
90 percent minus 200-mesh in two 11-foot 
by 33-foot, two-compartment raw mills and 
pumped through a 7-inch pipeline, assisted 
by gravity (1,500-foot vertical drop), to the 
kilns. Water was to be supplied by a 3.7- 
mile pipeline. Lone Star Cement Corp. in- 
stalled a 3-mile covered conveyor from 
the quarry to the plant as part of a mod- 
ernization program that will increase ca- 
pacity of its Davenport, Calif., plant by 
50 percent. 

Penn-Dixie Cement Corp. completed 
modernization of its Clinchfield, Ga., plant 
with the addition of a finish mill and a 
cement cooler. A new finish mill was to be 
in operation early in 1971 at the Des 
Moines, Iowa, plant. Santee Portland Ce- 
ment Co. started construction of a new 
finish mill that will increase the grinding 
capacity of its plant at Holly Hill, S.C. 
Diamond Portland Cement Co. was install- 
ing new shale crushing and drying facili- 
ties and an electrostatic precipitator at its 
plant in Middle Branch, Ohio. Kaiser Ce- 
ment & Gypsum continued to modernize 
facilities including improvements of crush- 
ing operations at Lucerne Valley, Calif., 
and Waianae, Hawaii. Monarch Cement 
Co. was adding five storage silos and pack- 
ing equipment at its plant in Humboldt, 
Kans. 

New air pollution control equipment 
was installed by cement companies at the 
following plants: Ideal Basic at its Hous- 
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ton, Tex., plant; National Portland Ce- 
ment Co's. plant at Brodhead, Pa.; and 
Universal Atlas Cement at plants in Hud- 
son, N.Y., and Waco, Tex. 


Other companies installing dust-collect- 
ing equipment were Capitol Cement Co., 
Division of Martin Marietta Corp. at its 
plant in Martinsburg, W. Va. Columbia 
Cement Co. Division of PPG Industries at 
Bellingham, Wash., Dewey Rocky Moun- 
tain Cement Co., Division of Martin Mar- 
ietta Corp. at its new plant in Lyons, 
Colo. Ideal Basic plants at Knoxville, 
Tenn., and Okay, Ark.; and General Port- 
land Cement Trinity Division at its Dallas, 
Tex., plant. 


Electrostatic precipitators were installed 
or were being installed by the following 
companies: Alpha Portland Cement at its 
Birmingham, Ala., and Jamesville, N.Y., 
plants, General Portland Cement Co. at its 
Tampa, Fla. plant; Lone Star Cement at 
its Houston, Tex., and Bonner Springs, 
Kans., plants; Marquette Cement Manufac- 
turing at its Rockmart, Ga. plant; North- 
western States Portland Cement Co. at its 
Mason City, lowa, plant; Penn-Dixie Ce- 
ment at its West Des Moines, lowa, plant; 
and Puerto Rican Cement Co. at its San 
Juan, P.R., plant. 


Dundee Cement Co. was to start con- 
struction in 1971 to add four electrostatic 
precipitators at its plant in Dundee, Mich. 
Monolith Portland Midwest Co. will install 
an electrostatic precipitator at its Laramie, 
Wyo., plant and Universal Atlas Cement 
plans to install another electrostatic pre- 
cipitator at its plant in Duluth, Minn. 


Universal Atlas replaced electrostatic 
precipitators with glass-bag dust collectors 
at its Northampton, Pa., plant. 


Glass-bag dust collectors that were in- 
stalled or were being installed by other ce- 
ment companies include Lone Star Cement 
(at its Maryneal, Tex., plant) and Medusa 
Portland Cement (at the Toledo plant 
near Sylvania, Ohio). 


Whitehall Cement Manufacturing Co. 
planned to replace the electrostatic precipi- 
tator in 1971 with new equipment includ- 
ing a glass-bag house to meet the more 
stringent air pollution requirements at its 
plant in Cementon, Pa. The company com- 
pleted the conversion from coal to bunker 
C fuel oil for kiln-firing. 
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Plans were announced for installing ad- 
ditional air pollution control equipment in 
1971 by the following companies: Missouri 
Portland Cement Co. at. its plants in 
Joppa, III., and Kansas City, Mo.; Lone 
Star Cement at its plants in New Orleans, 
La., and Davenport, Calif.; Lehigh Port- 
land Cement Co. at its plants in Union 
Bridge, Md. Mason City, Iowa, and 
Miami, Fla.; Kaiser Cement & Gypsum at 
its plants in Permanente, Calif., Lucerne 
Valley, Calif., and Waianae, Hawaii; and 
General Portland Cement at its plants in 
Chattanooga, Tenn., and Paulding, Ohio. 


Huron Cement Co., Division of National 
Gypsum Co. was constructing a wastewater 
disposal system to comply with the State 
regulations at its plant in Superior, Wis. 


ALUMINOUS CEMENT 


Universal Atlas Cement started up its 
new calcium-aluminate refractory facilities 
at Buffington, Ind. (Chicago area). This 
will replace an old plant and double its 
capacity. 

Lone Star Cement, Ciments Lafarge of 
Paris, and the Lafarge Organization Ltd. 
of London formed a new jointly owned 
company, Lone Star Lafarge Co., to market 
and distribute calcium-aluminate cement 
in the United States. 


PRODUCTION CAPACITY 


By the end of 1970, 64 kilns were per- 
manently removed from production with 
the closing of 10 plants and partial shut- 
down of kilns at three plants. By yearend, 
478 kilns were operating at 169 plants in 
41 States and Puerto Rico with an esti- 
mated 24-hour-per-day clinker-producing 
capacity of 1,360,000 barrels. A kiln will 
not operate 365 days because some down- 
time is required to replace sections of re- 
fractory bricks and for mechanical mainte- 
nance. In 1970, kilns were reported down 
for an average of 38 days, indicating the 
apparent annual clinker-production capac- 
ity was about 445 million barrels. 


In addition to 169 clinker-producing 
plants including eight white cement facili- 
ties, one plant was inactive and six plants 
had grinding mills only. The grinding 
plants were operating on imported, pur- 
chased, or interplant transfers of clinker 
with the exception of one that was grind- 
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ing clinker from an existing stockpile. No 
information was collected on grinding ca- 
pacity, but the total in the United States 
is estimated to be about 500 million bar- 
rels (or equivalent to 365 days of clinker- 
producing capacity) . 

The following tabulation shows the daily 
clinker-production capacities of cement 
plants in the United States and Puerto 
Rico, grouped according to relative size: 
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Daily clinker capacity as of Dec. 31, 1970 


Percent 

Barrels (376-pound) Number of of total 

per 24-hour period plants ! capacity 
Less than 3,000 7 1.2 
3,000 to 6,000 51 17.2 
6,000 to 9,0000 55 28.9 
9,000 to 12,000............ 34 25.0 
12,000 to 15,000 10 9.9 
15,000 and over 12 17.8 
Total. ............- 169 100.0 


1 Includes white cement-producing facilities. 


TRANSPORTATION 


Cost of rail and truck delivery of port- 
land cement to customers increased 8 per- 
cent. At the National Association of Ce- 
ment Shippers meeting in Chicago in 
November 1970, the problems of increased 
costs were discussed. Truckers were de- 
manding pay increases ranging from 6 to 
10 percent. In its 4 years of existence, the 
association has seen five general freight 
rate increases for the railroads amounting 
to 37 percent (assuming approval of a re- 
cent 15 percent boost) . 

Medusa Portland Cement proposes to 
convert a 550-foot ore boat, C. H. Mc- 
Cullough Jr., within 2 years, to a selfzun- 
loading cement carrier similar to the Me- 
dusa Challenger. 

A 6,300-deadweight ton ship, the M.V. 
Orient, will be converted into a bulk ce- 
ment carrier and chartered to Ryukyu Ce- 
ment Co. Ltd. in 1971. Along with the 
M.V. Taipan, it will transport cement to 
Ryukyu Cement's markets in Guam and 
Australia. General Portland Cement will 
use ocean-going vessels to transport raw 
material (aragonite) from a deposit in the 
Caribbean to its plant in Tampa, Fla., 
which was to begin early in 1972. In 1970 
four new barges were purchased by Mis- 
souri Portland Cement increasing the fleet 
to 30 cement barges to supply eight ma- 
rine terminals. 


Atlantic Cement Co. converted from coal 
to oil firing of its kilns, which required 
additional dock facilities for tankers. Dun- 
dee Cement Co. added 50 pressure-flow, 
530-barrel tank cars to its fleet under lease. 
Cement can be transferred at the rate of 
530 barrels per hour from the tank car to 
highway trailers. Calaveras Cement was 
building a bulk storage and distribution 
plant at Union City, Calif., to serve the 
Bay Area from its San Andreas plant. 
Ideal Basic started shipping cement from 
its new terminal at Anchorage, Alaska. A 
rail-truck transfer station was established 
at Fairbanks. Kaiser Cement & Gypsum ex- 
panded the capacity of its distribution fa- 
cilities at Anchorage and Fairbanks. 

The Associated Portland Cement Manu- 
facturers Ltd., Blue Circle Group, built a 
new wharf at Northfleet, Kent, England, 
that will enable 90,000-ton ships to berth 
alongside the plant. Much of the cement 
is dispatched to Scotland in unit trains 
with bulk tankers carrying 79 tons each. In 
Holland, the Dutch cement industry was 
making 45 percent of its deliveries in wa- 
terborne tankers. Because railroads were 
unable to cope with the increased cement 
shipments in the Republic of South Africa, 
the Government granted permission for ce- 
ment to be carried on highways. 


CONSUMPTION AND USES 


Shipments of cement into the various 
States are considered to be an index of 
consumption. Consumption of portland ce- 
ment decreased nearly 5 percent below 
that of 1969. Only 12 States, Puerto Rico, 
southern California and western New York 
had an increase of shipments from that of 
the preceding year. The increase was small 


in Connecticut, Florida, Maine, Maryland, 
Massachusetts, New Jersey, Tennessee, Vir- 
ginia, and southern California and Puerto 
Rico; however, the increase was about 10 
percent or more above 1969 shipments in 
Arizona, Colorado, Idaho, North Dakota, 
and western New York. Shipments in all 
other States and regions decreased. The 
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largest decreases in consumption of cement 
from that of the preceding year were in 
the following States: Illinois, Louisiana, 
Michigan, Ohio, Texas, Wisconsin, north- 
ern California, and eastern Pennsylvania. 
In each State the decrease was more than 1 
million barrels less than consumption in 
1969. 

Producers of ready-mixed concrete were 
the primary customers of portland cement, 
accounting for about 62 percent of the 
total cement shipped. Concrete product 
manufacturers used about 15 percent of 
the cement shipments to make such items 
as precast concrete, prestressed concrete, 
concrete blocks, and concrete pipe. Nearly 
12 percent of the shipments were sent di- 
rectly to highway contractors or to Federal, 
State, or other government bodies. Build- 
ing materials dealers received about 8 per- 
cent of the shipments. Approximately 3 
percent of the shipments went to other 
construction contractors and for miscella- 
neous uses. 

Ready-mixed concrete shipments  de- 
creased about 2 percent in 1970, showing 
the influence of the low volume of housing 
construction in the early part of 1970 and 
the decline of other building construction 
throughout the year. The U.S. Bureau of 
Labor Statistics wholesale price index for 
ready-mixed concrete rose 6 percent above 
the 1969 price. Despite a decrease in de- 
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mand for concrete pipe in 1970, the price 
increased 2 percent. Similarly, shipments of 
concrete products such as prestressed and 
precast concrete declined moderately. Ship- 
ments of concrete blocks decreased 4 per- 
cent, but the price index rose about 5 per- 
cent, in part reflecting the higher prices 
for cement and aggregates. 

Although residential construction was 
curtailed in the early part of 1970 by the 
impact of tight money, high interest rates, 
and inflation problems, the homebuilders 
responded quickly to the changing money 
market following a general easing of mort- 
gage credit later in the year. The total 
number of new housing units started in 
1970 was 2.2 percent less than in 1969 but 
was nearly 4 percent higher than the aver- 
age of housing starts for the preceding 5- 
year period. Expenditures for new private 
nonresidential construction rose 5 percent 
despite a 7-percent decrease in expendi- 
tures for industrial buildings. Growing 
concern for the environment and pollution 
control accounted for increased expendi- 
tures for new sewer systems. Although ex- 
penditures for new public construction was 
at a record amount, it was only slightly 
more than in 1969. Highway construction 
expenditures were also at a record level 
but on a constant-dollar basis were down 
about 2 percent from that of the preced- 
ing year. 


PRICES 


The average mill value of portland ce- 
ment was about $3.32 per barrel in 1970. 
Although prices rose about 5 to 6 percent 
for bulk gray cement in some market 
areas, the costs of producing and market- 
ing the cement climbed 10 percent, The 
industry complained that profits suffered as 
a consequence. According to figures pub- 
lished in Engineering News-Record, some 
bulk mill prices remained unchanged 
throughout the year in certain areas such 
as parts of Alabama, Georgia, Indiana, 
Kansas, New York, Tennessee and Utah. 
Bulk mill price increases of 15 to 30 cents 
per barrel posted early in 1970 remained 
virtually unchanged for the rest of the 
year in other areas such as California, 
Louisiana, Missouri, Ohio, Oregon, Texas, 
Washington, Wisconsin, and parts of Penn- 
sylvania. The Engineering News-Record 
shows the December bulk mill price range 


from a low of $3.40 a barrel in Northamp- 
ton, Pa., to a high of $5.43 a barrel in 
Waianae, Hawaii, and $4.60 a barrel was 
reported at Lake Oswego, Oreg., and Seat- 
tle, Wash. Higher prices were subject to 
cash discounts. 

Bag prices were $0.60 to $1.50 higher 
than the bulk prices. Base prices f.o.b. per 
barrel for portland cement in carload lots 
are reported in the Engineering News-Rec- 
ord for 20 cities across the United States. 
The December 1970 average for bulk ce- 
ment was $4.29 per barrel, compared with 
$4.15 per barrel in December 1969. In the 
20-city survey, the December 1970 prices 
ranged from a low of $3.80 a barrel in 
New York City, to a high of $5.07 a barrel 
in Cleveland, Ohio. Masonry cement aver- 
aged $4.68 per barrel in December 1970, 
compared with $4.58 per barrel in 1969, 
and ranged in price from $3.20 per barrel 
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in New York City to $5.85 per barrel in 
Kansas City, Mo. 

Increased fuel costs ranging from 14 to 
36 percent for coal and as much as 70 per- 
cent for oil, along with electric power rate 
increases from 14 to 25 percent, forced 
many companies to announce price in- 
creases for 1971. In a large number of 
marketing areas, price increases were 
scheduled for January 1, 1971, ranging 
from 15 to 55 cents per barrel for bulk 
portland cement with an average of about 
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25 to 30 cents per barrel. In Puerto Rico 
the price was increased 40 cents per barrel 
in October, and a 60-cent-per-barrel price 
increase was announced for April 1971. 

In 14 European countries the price in- 
crease was at least 3 percent higher in 
1970, in Denmark, France, Germany, Ice- 
land, Norway, Spain, and Sweden the in- 
crease was 5 percent or more compared 
with 1969 prices. In Japan there was a 
marginal decline in the portland cement 
price. 


FOREIGN TRADE 


Exports of cement from the United 
States in 1970 increased 44 percent above 
that of the preceding year, to 847,000 bar- 
rels (376-pound) . Total value of these ex- 
ports rose to $5.2 million, 63 percent above 
that of 1969. Although 74 countries re- 
ceived cement from the United States, 
Canada, the Leeward and Windward Is- 
lands, and the French West Indies re- 
ceived about 73 percent of the total ex- 
ports. 

Portland cement and clinker imported 
from 18 countries for consumption in the 
United States reached on alltime high of 
13,812,000 barrels, surpassing the previous 
record set in 1969 by 43 percent. Imports 
were more than double that of any year 
during the period 1878-1967 with the ex- 
ception of 1966. The importing and mar- 
keting of foreign cement in some areas was 
an important factor and, in effect, was 


equivalent to a large cement plant in the 
center of the market area. Imports from 
Canada nearly doubled those of the pre- 
ceding year; cement shipments from Nor- 
way increased nearly 1 million barrels; and 
imports from Mexico increased more than 
500,000 barrels. More than 85 percent of 
the cement imported came from three 
countries—Canada, the Bahamas, and Nor- 
way. 

The rate of duty on white, nonstaining 
portland cement remained the same, at 2 
cents per 100 pounds in 1970; however, the 
rate of duty for other hydraulic cement 
and clinker decreased to 0.9 cent per 100 
pounds under the annual rate modifica- 
tions resulting from concessions granted by 
the United States in the Kennedy round of 
trade negotiations concluded on June 50, 
1967, under the General Agreement on 
Tariffs and Trade. 


WORLD REVIEW 


Cement shortage in some countries and 
overcapacity in other countries continued 
to be a problem in the industry. For ex- 
ample, a cement shortage resulting from 
the tremendous building boom in the 
Transvaal caused the Republic of South 
Africa to import cement from Belgium, 
Spain, Denmark, Angola, and the United 
Kingdom. Although Yugoslavia imported 
from Greece, Hungary, and the United 
Arab Republic, it still experienced a ce- 
ment shortage that curtailed housing con- 
struction. On the other hand, the Philip- 
pine cement producers experienced a 
depressed market that required curtailment 
of production to less than one-half of the 
industry’s rated capacity. In 1970 Western 


European countries belonging to the CEM- 
BUREAU put into operation 28 new kilns, 
representing a capacity increase of 9 mil- 
lion short tons. In 1971 another 34 kilns 
are expected to be in operation to produce 
an additional 13 million tons of clinker. 

Algeria.—Construction was started at 
Meftah to erect a cement plant with an 
annual capacity of 1.1 million short tons. 
Completion was scheduled for 1972. The 
Algerian Construction Materials Agency 
contracted for a cement plant with a ca- 
pacity of 550,000 tons at Ain-Cherchar 
near Constantine. A 550, 000-ton-per-year 
plant was under construction at Hadjar- 
Soud. 
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Angola.—Companhia de Cimento Secil 
do Ultramar was expanding its Luanda 
plant capacity from 330,000 to 660,000 
short tons per year. Completion was ex- 
pected by mid-1971. 

Argentina.—Compañía Argentina de Ce- 
mento Portland, a subsidiary of Lone Star 
Portland Cement Corp., increased the an- 
nual capacity of its Sierras Bayas plant to 
4.6 million barrels per year by late 1970. 
This production and that of the plant at 
Parana give the company a total capacity 
of 5.6 million barrels. 

Bolivia.—Compañía Boliviana de Ce- 
mento was constructing a cement plant 
about 40 kilometers from Cochabamba. 
Annual capacity was to be 110,000 short 
tons. 

Brazil.—International Telephone and 
Telegraph Corp. (ITT) received the ap- 
proval of the Brazilian Government to 
build a dry-process cement plant about 180 
kilometers south of Sáo Paulo. Capacity 
was to be 2,600 short tons per day. Opera- 
tion was scheduled for 1972. Brazil's ce- 
ment production capacity is expected to 
increase from 9.9 to 22 million short tons 
a year by 1975. The newest plant, which 
was built in Goiás, has an annual capacity 
of 220,000 tons. In 1971, Cia. Cimento Itau 
do Paraná, S.A. was to start building a ce- 
ment plant with a 1,100-ton-per-day capac- 
ity in Rio Branco do Sul, State of Paraná. 
A new plant, which has a 2,200 ton per- 
day capacity, was scheduled for construc- 
tion in 1971, at Apai, near Sáo Paulo. Em- 
presa de Cimento Tocantins was building 
a cement plant in Brasilia; output capacity 
was to be 1,100 tons per day. Operations 
were expected to start late in 1971. Cia. 
Brasileira de Ligantes Hidraulicos planned 
to build a 2,600-ton-per-day plant at 
Macaé, Rio de Janerio which was to start 
operating in 1972. Other cement plants 
proposed include Cia. Carioca de Cimento 
Portland at Irajá, Guanabara, and Cia. de 
Cimento Portland, Alvorada at Cantagalo, 
Rio de Janerio. Cemento Aratu, a subsidi- 
ary of Lone Star Cement Corp., was ex- 
panding facilities at its Salvador plant to 
increase the annual capacity to 2.4 million 
barrels by mid-1971. Cimento Santa Rita, 
S.A., was adding grinding capacity to its 
plant in Sáo Paulo. 

Burma.—Industrial Development Corp., 
Operator of the country's only cement 
plant at Thayetmyo, ordered equipment 
for a second plant, which was to be in- 
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stalled by 1972 in the Kyangin area in the 
upper Irrawaddy River region. Plant ca- 
pacity was to be 880 short tons per day. 

Cameroon.—At Bonaberi, near Douala, a 
new cement plant with 11,000-ton-per- 
month capacity was scheduled to start 
operating in January 1971. A second plant 
at Figuil was to be completed later in 1971 
to serve north Cameroon. 

Canada.—Canada Cement Co., Ltd. ac- 
quired control of Lafarge Cement of North 
America, Ltd. and changed its name to 
Canada Cement Lafarge Ltd. Canada Ce- 
ment Lafarge Ltd. plans to phase out its 
Point Anne, Ontario, plant with the com- 
pletion of a 1.1 million short ton plant at 
Bath, Ontario, in 1973. The new Lafarge 
plant 11 miles east of Kamloops started 
production in March. Its capacity is 
230,000 tons per year. 

Ceylon.—In March 1970 the State Ce- 
ment Corp. plant at Puttalam started op- 
eration at an initial annual capacity of 
240,000 short tons. Construction was con- 
tinuing to increase the capacity to 435,000 
tons per year. Ceylon Cement Corp. or- 
dered equipment for a plant to be built at 
Colombo; the annual capacity will be 
800,000 tons per year. 

China, mainland.—Recovering from eco- 
nomic disruptions, cement production 
reached the level of 10 million metric tons 
per year in 1970. Numerous small local ce- 
ment plants have been built recently in 
many provinces including Honan, Hunan, 
Heilungkiang, Anhwei (Anhui), Chekiang, 
and Fukien. More than 12 larger cement 
plants have been constructed since 1965. 
Towns, provinces, and estimation of capac- 
ity in million short tons (in parenthesis) 
are given as follows: Hantan (l.l or 
more) south of Shihchiachuang in Hopeh; 
Yao Hsien (1.1) in Shensi; Huahsin or 
Huangshih (1.1) in Hupeh; Kwangchow 
(0.8) in Kwantung; Yungteng (0.7) in 
Kansu; Chungking (0.6) in Szechuan; Ta- 
tung (0.6) in Shansi; Mutanchiang (0.4) 
in Kirin; Tungfanghung or Nanking (0.4) 
in Kiangsu; Kunming (0.33) in Yunnan; 
Kweiyang (0.3) in Kweichow; Liuchow re- 
cently expanded to (0.3) in Kwangsi; Kai- 
yuan (0.3) in Yunnan; Nanping (0.1) in 
Fukien; Tungchiang (0.1) in Kirin and 
Nanchang (0.1) in Kiangsi. Fushun (origi- 
nally 0.6) and Ch'ihsin (originally 0.4) 
have been expanded. 

Congo (Kinshasa).—A cement plant with 
an annual capacity of 400,000 short tons 
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was expected to be in operation by 1972 in 
Kinshasa bringing the total capacity for 
the western Congo to 1 million tons a 
year. Ciments et Materiaux de Construc- 
tion du Katanga (CIMENKAT) began a 
modernization and expansion program 
which was to change from wet to dry 
process and increase production from 
100,000 to 130,000 tons per year in 1971 
and to 65,000 tons in 1973. 


Cuba.—Two cement plants under con- 
struction, one by Czechoslovakia and one 
by the U.S.S.R., were expected to go into 
production in 1972. The country's total an- 
nual capacity for its five plants would then 
reach 2,668,000 short tons. 


Ecuador.—Empresa Cemento Chimbor- 
azo, C.A., plans to install new facilities 
with a 550 short-ton-per-day capacity at 
San Juan Chico. "The new facilities will 
more than triple the present plant capac- 
ity. A consortium of European companies 
plans to build a cement plant with a 830 
tons-per-day capacity at Selva Alegre, 
about 90 kilometers from Quito. A Japa- 
nese company was interested in building a 
plant in the Rio Negro area. 


Greece.—General Cement Co. S.A. was 
increasing the capacity of its Olympos 
plant at Volos from 3,900 to 6,400 short 
tons per day. In September 1970, a new 
2,600-ton-per-day grinding mill was put 
into operation. A 2,200-ton-per-day rotary 
kiln was expected to be in operation late 
in 1971. Expansion and modernization of 
the company's Heracles plant at Drapet- 
sona (Piraeus) is planned along with im- 
provement of cement distribution centers 
at "Thessaloniki, Rion, and Heraklion. 
Titan Cement Co. was expanding plant fa- 
cilities at Thessaloniki to increase the ca- 
pacity from 720,000 to 1.15 million tons 
per year. Completion was scheduled for 
July 1971. The company also plans to ex- 
pand its facilities at Elefsis. Titan Cement 
purchased American Cement Corp.'s inter- 
est in Hellenic Cement Co. Hellenic 
planned to add a second kiln at the plant 
in Drepanon, Petras, which would raise 
the annual capacity from 390,000 to 
770,000 tons by mid-1973. Chalkis Cement 
Co. started an expansion program to in- 
crease production from 720,000 to 1.7 mil- 
lion tons per year at its Avilis plant near 
Chalkis. Halyps S.A. planned to expand 
and modernize its plant at Skaramanga by 
1973. 
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Guatemala.—Cemente, Norvello, S.A., 
Guatemala's only cement producer, plans 
to build a 1,000-ton-per-day plant at San 
Miguel. 

Hungary.—The 1.1 million short ton- 
per-year cement plant under construction 
at Beremend near the Yugoslav border was 
scheduled for completion in August 1972. 
Construction of a cement plant with a 
capacity of 1.8 million tons was scheduled 
to start in 1971 at Hejócsaba. 

India.—Cement Corp. of India com- 
pleted construction of a plant at Mandhar, 
Madhya Pradesh, and started constructing 
a new plant at Kurkunta, Mysore. 

Indonesia.—Tjibinong Cement Co, a 
newly formed Indonesian corporation 
owned 76 percent by Kaiser Cement & 
Gypsum and P. T. Semen Gresik, Indone- 
sia’s largest cement company, which is gov- 
ernment-owned, was to start construction 
of a 3-million-barrel-per-year cement plant 
at Tjibinong, 30 miles south of Djakarta 
in 1972. The cement plant near Padang 
was being modernized, and the capacity 
was being increased at the plant near Gre- 
sik. Toyo Menka Kaisha Ltd., of Japan in 
a joint venture with P. T. Gunung Ngadeg 
plans to build a cement plant. Singarise 
Ltd., of Singapore in a joint venture with 
P. T. Sumber Wangi plans to build a ce- 
ment plant at Bahorok in north Sumatra. 
Both plans were pending government ap- 
proval. 

Iran.—Private investors plan to build a 
cement plant with a capacity of 1,100 tons 
per day. Operations were scheduled for 
mid-1972. 

Iraq.—The Iraqi Government contracted 
for erection of a 220,000-ton-per-year, wet- 
process plant at Kufa, 100 miles from 
Baghdad. Plans were made to double the 
capacity of the Sarchinar plant in the 
north. 


Italy. Union Cementerie Marchino Emi- 
liane e du Augusta S.p.A. was installing a 
kiln 5.6 meters in diameter by 85 meters 
long at its Guidonia plant to increase the 
capacity to 3,900 short tons per day. À 
150-ton tube mill with an inside diameter 
of 5.0 meters and a length of 16.5 meters, 
the largest built by Kloeckner, Humboldt, 
Deutz was to be added to the grinding 
plant that was scheduled for operation in 
1972. Cementerie Calabro Lucane S.p.A. 
announced plans for a cement plant at 
Castrovillari, Cosenza. 
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Japan.—Japanese cement production in- 
creased to 62.3 million short tons in 1970, 
an increase of 11 percent. New production 
capacity continued to rise with new kiln 
additions amounting to 8 million tons in 
1970 and 7.5 million tons installed in 1969. 
UBE Cement Division of UBE Industries, 
Ltd. has bulk-loading-dock facilities at its 
UBE and Kanda plants. UBE maintains a 
fleet of 10 cement carriers with a total ca- 
pacity of 79,000 tons to serve 22 packing 
facilities in Tokyo, Osaka, and other cities. 
In October 1970, Osaka Cement Co. signed 
a pollution prevention agreement with 
Prefecture and city governments to build a 
cement plant at Usuki City in Oita Prefec- 
ture. Construction was pending the out- 
come of court action filed by 16 fishermen 
from a nearby village of Kazanashi and 
the “Citizens Conference To Remove Pol- 
lution From Usuki.” Onoda Cement Co. 
built a cement plant at Ofunato in Iwate 
Prefecture reported to be the largest in 
the world—a capacity of 3,600 metric tons 
per day. 

Korea, Republic of.—Hyun Dai Con- 
struction Co. was doubling its annual ca- 
pacity to 440,000 short tons per year. A 
2,800-ton-per-day cement plant is planned 
for Chang-Sung by  Fives-Lille-Cail of 
France and a consortium of other Euro- 
pean companies. 

Libya.—Plans were made to increase the 
present 390-ton-per-day output capacity of 
National Cement Co.’s new cement plant 
at Homs, about 120 kilometers east of 
Tripoli. Libyan Cement Co. was construct- 
ing a plant at Benghazi that has a 660- 
ton-per-day capacity. Operation was sched- 
uled to begin in 1971. 

Malawi.—Portland Cement Co. Ltd. 
(Malawi) was expanding facilities to dou- 
ble the plant output. 

Malaysia.—A cement plant financed by 
German interests will be built on Pulau 
Langkawi, an island off Malaya’s west 
coast. 

Mexico.—Cementos California, S.A., 
started up its second plant with a capacity 
of 7,700 short tons per month near La Paz, 
Baja California. The company's other 
plant is in Ensenada, State of Baja Califor- 
nia. Cementos Atolonilco, S.A., was dou- 
bling capacity at its plant in Hidalgo to 
4,400 tons per day. Completion was ex- 
pected in 1971. La Tolteca, Cia. de Ce- 
mento Portland, S.A. dedicated its plant at 
Zapotiltic, Jalisco. With the opening of its 
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fourth plant, La Tolteca celebrated 60 
years of operation in Mexico. Capacity of 
the new plant is 1,700 metric tons per day. 
La Tolteca was enlarging its white cement 
production facilities at Tolteca, Hidalgo, 
to 77,000 tons per year. Cementos Anáhuac 
has increased capacity at its Barrientos 
plant from 2,000 to 3,600 tons per day and 
expects to expand facilities to 5,800 tons 
per day within 4 years. The company’s 
plant at Tamuin, San Luis Potosi, will 
have the capacity increased from 1,700 to 
3,300 tons per day. Cementos Maya at 
Merida, the only producer in Yucatan, was 
to increase the capacity from 50,000 to 
200,000 tons per year by mid-1971. Cemen- 
tos Atoyac was expanding to 1,240 tons per 
day. Cementos Sinaloa, S.A., plans to ex- 
pand the capacity of its El Fuerte plant in 
Sinaloa beyond the present capacity of 
132,000 tons per year. Twenty-seven plants 
were operating in 1970. 

New plants have been announced that 
are in the planning or construction stage. 
Both Cementos de Chihuahua and Cemen- 
tos Mexicanos have plans for plants in 
Ciudad Juarez with 330- and 550-ton-per- 
day capacity, respectively. Trouyet sched- 
uled construction of a 1,100-ton-per-day 
plant at Pajaritos, Veracruz. A 1,100-ton- 
per-day plant in the Tepuche area of Cu- 
liacán, Sinaloa, was proposed by Cementos 
de Guadalajara. 

Cementos del Norte, S.A., was to expand 
plants at Monterrey and Torreon to dou- 
ble capacity, to 310,000 tons per year by 
mid-1971. 

Nigeria.—The Commonwealth Develop- 
ment Corp. plans to reactivate the Nka- 
lagu cement plant closed during the civil 
war. The Calabar Cement Co. was operat- 
ing at about two-thirds of its 9,900-ton- 
per-month capacity because of unreliable 
electric power. 

Paraguay.—The government-owned ce- 
ment plant, at Vallemi which has been in 
operation for nearly 2 years, increased its 
annual production capacity to 110,000 
short tons. 

Philippines.—In June 1970, the Philip- 
pine cement industry changed from the 
94-pound bags to 50-kilo (king-size) bags. 
The industry in the islands continued to 
expand production capacity 39 percent in 
1970, despite a depressed market brought 
about in part by existing excess production 
capacity. 

Island Cement a division of Martinduque 
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Mining & Industrial Corp. plant at Anti- 
polo, Rizal, started up a second kiln to in- 
crease the annual capacity to 4.5 million 
barrels and make it the country's largest. 
Northern Cement Co. started production 
of its 3.75-million-barrel-per-year plant at 
Sison, Pangasinan, in 1970. Fortune Ce- 
ment Corp. inaugurated its plant at Toy- 
san, Batangos, in May 1970. This has an 
annual capacity of 2.25 million barrels. 
Four more plants, expected to be in opera- 
tion in 1971, were under construction: Ili- 
gan Cement Co. at Iligan, Lanao, with a 
2.25-million-barrels-per-year capacity; Mid- 
land (Quezon) at Tanay, Rizal with a 3- 
million-barrel-per-year capacity; Floro at 
Lugait, Misamis Oriental, with a 2.7-mil- 
lion-barrel-per-year capacity; and Conti- 
nental at Norzagaray, Bulacan, with a 2.6- 
million-barrel-per-year capacity. Three 
other plants were reported in advance 
stage of planning and were to be com- 
pleted in 1972 or 1973. These plants were 
Tayabas, at Calatrava, Negros Occidental; 
Builders, at Samboan, Cebu; and Mabu- 
hay, at Montelban, Rizal. Twenty more 
proposed cement plants were registered 
with the Securities and Exchange Commis” 
sion. Apo Cement Co. at Naga City, Cebu, 
the Philippines oldest cement plant, sus- 
pended operation in June 1970. Annual ca- 
pacity of the plant was 600,000 barrels. 

Romania.—A cement plant was under 
construction at Cîmpulung in Arges 
County; capacity was to be 2.2 million 
short tons per year. 

Saudi Arabia.—Yamama Cement Co. was 
authorized to increase output from 110,000 
to 390,000 tons per year. A 770-ton-per-day 
cement plant is planned for the Shaikh- 
dom of Ras al-Khaimah and was scheduled 
for completion in 1973. Another plant of 
about the same size was planned for the 
Shaikhdom of Abu Dhabi. 

South Africa, Republic  of.—Cement 
plant output in the country will be in- 
creased 2.2 million short tons, or one-third 
of the 1969 output. White’s South African 
Portland Cement Co., Ltd., was installing a 
new rotary kiln, 4.8 meters in diameter by 
68 meters in length at its plant in Lich- 
tenburg, on the highland of Transvaal 
near Witwatersrand, to increase capacity 
from 1.2 to 1.9 million tons per year by 
the end of 1971. Recent expansion at the 
Lichtenburg plant consisted of replacing 
three small wet-process kilns with a dry- 
process kiln 3.8 meters in diameter by 54 
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meters long, which nearly doubled the ca- 
pacity. Anglo-Alpha Cement Ltd. was in- 
stalling a second kiln at its Dudfield plant 
to increase output from 1,500 to 4,300 
short tons per day. Completion was ex- 
pected in late 1971. The No. 4 kiln at the 
company’s Ulco works was put into opera- 
tion in January 1970, increasing the out- 
put of that plant by about 660 tons per 
day. Durban Cement Co., Ltd., scheduled 
completion of its expansion program to 
triple output of the Bellair plant in Octo- 
ber 1970 to 5 million barrels. Pretoria 
Portland Cement Co., Ltd., expanded ca- 
pacity at Hercules and Jupiter by 610,000 
tons per year. The company was building 
a new plant at Germiston with an annual 
capacity of 3 million barrels. Palcaso Ltd. 
was building a cement plant at Phala- 
borwa in the Eastern Transvaal. The plant 
was to have an annual capacity of 130,000 
tons and was scheduled for completion in 
1971. 

Spain.—In 1971 (Cementos de Liendo 
S.A. was to start building a cement plant 
at Liendo, between Santander and Bilbao, 
with an annual capacity of 1.1 million 
tons. Completion is expected in 1973. 

Taiwan.—Cheng Tai Cement Corp. 
started construction to increase production 
from 110,000 to 550,000 short tons per year 
at its plant in Kaohsiung. Taiwan Cement 
Corp. virtually doubled capacity of its 
Suao plant to 580,000 tons with the addi- 
tion of a fourth kiln. The company re- 
placed three of the five kilns at its Kaohs- 
iung plant with a new kiln rated at 1,600 
tons per day. Asian Cement Corp. has in- 
stalled a fourth kiln at its Hsinchu plant, 
which increases annual capacity to 1.9 mil- 
lion tons. Tung Nan Cement Co. installed 
a third kiln at its plant in Kaohsiung, 
which increased the capacity by 660 tons 
per day. 

Tanzania.— Tanzania Portland Cement 
Co. Ltd. was increasing the annual capac- 
ity of its Wazo Hill plant from 180,000 
short tons to 440,000 tons; completion was 
expected by late 1971. 

Thailand.—]alaprathan Cement Co., 
Ltd., was constructing a second plant at 
Cha-am with an annual capacity of 2.9 
million barrels. Completion was scheduled 
for March 1971. A 550,000-short-ton-per- 
year plant was under construction for the 
Siam City Cement Co. at Tambol Tab- 
kwang, off the Friendship Highway in Sar- 
aburi Province. 
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Togo.—Société des Ciements de 1'Afrique 
de l'Ouest, (CIMAO) formed in 1969, was 
building a grinding plant in the Lomé 
area to produce annually 110,000 short 
tons of cement using imported clinker. 
Completion was scheduled for mid-1971. 
The organization was studying the feasibil- 
ity of a 1.3-million-short-ton-per-year ce- 
ment plant at Avéta. 

Turkey.—Hostas cement plant was under 
construction at Ceyhan and was to have an 
annual capacity of 1.1 million short tons 
upon completion, which was expected in 


1972. 


Uganda.—Uganda Cement Industry Ltd. 
started to triple the capacity of its dry- 
process plant in Tororo, near Kasese to 990 
tons per day. Completion is scheduled for 
early 1973. The country's second cement 
plant at Hima near Kasese in the Toro 
District was scheduled to start producing 
330 tons per day in March 1971. Plans 
were made to double the capacity of this 
plant with an additional kiln. 


United Arab Republic.—A new cement 
plant, which would have a capacity of 
660,000 short tons per year, was planned 
for construction in upper Egypt. An ex. 
pansion program at the Qusiyya plant will 
increase capacity to 660,000 tons per year. 


U.S.S.R.—The Soviet Union continued to 
lead the world in cement production; a 
record 104.9 million short tons shipped in 
1970. The Soviet Union has approximately 
110 cement plants, and raw materials are 
supplied by 132 mines. The first rotary 
kiln of the Staryy Oskol cement plant in 
Kursk Oblast’, which has an annual capac- 
ity of 660,000 tons, was put into operation 
in 1969. About 1.4 million tons of new ce- 
ment production capacity was added at the 
Ust’-Kamenogorsk, Alekeyevsk, and other 
cement plants. 


United Kingdom.—At Northfleet, Kent, 
the Associated Portland Cement Manufac- 
turers Ltd., parent company of the Blue 
Circle Group, started production at what 
is believed to be the largest cement plant 
ever built. The first of six kilns was fired 
in the first half of 1970, and the remain- 
ing kilns will be brought into production 
at approximately 3-month intervals, with a 
total output capacity of 4.4 million short 
tons per year. 
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Associated Portland Cement Manufactur- 
ers Ltd., replaced five wet-process kilns 
with two large, dry-process kilns at its 
Hope plant in Derbyshire, raising the an- 
nual capacity to 1.3 million tons. The 
plant was designed and landscaped to fit 
in the surrounding area of the Peak Dis- 
trict National Park. 

Venezuela.—C. A. Venezolana de Cemen- 
tos was to complete automation of its new 
2,700-ton-per-day facilities in 1972. 

West Indies.—Guadalupe and Martinique 
were to both have new grinding plants 
completed in 1971. Clinker purchased from 
elsewhere will be shipped by water. 

Two separate groups announced inten- 
tions to build cement plants in the Do- 
minican Republic. One plant would be 
constructed at Barahona by the Cementos 
Barahona C. por A. with a capacity of 
22,000 barrels per day. The State-con- 
trolled Fabrica Dominicana de Cemento 
plans to expand its plant capacity, and 
Gulf £ Western Industries, Inc., proposes 
to build a plant in Guayacanes. Distribu- 
tion terminals were erected on many 
smaller islands including Barbados, Nassau, 
Curacao, Aruba, Bermuda, Grenada, and 
St. Vincent. 

Yugoslavia.—The new Prvoborac cement 
plant at Solin near Split was put into op- 
eration increasing the Yugoslav cement 
production capacity by 13 percent. The 
plant will have a capacity of 500,000 short 
tons per year. At Pljevlja, construction was 
started on a plant that is scheduled for 
completion in 1973. Construction was 
started in 1970 on a new slag cement plant 
in Kakanj, Bosnia, that will have an an- 
nual capacity of 720,000 tons when it is 
completed in 1974. A plant in Lukovac 
near Tuzla was under construction and 
was to have an annual capacity of 390,000 
tons upon expected completion in 1972. 
Construction of a 1.2 million-ton-per-year 
plant at Usje near Skopje was scheduled 
for completion in 1972. Plans were an- 
nounced for a 660,000-ton-per-year plant at 
Belgrade, a 440,000-ton-per-year plant in 
Kosjeric, Serbia, and a new nuit at the 
Podsused plant near Zagreb that will have 
the capacity increased by 660,000 short 
tons a year. 
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Millions of dollars were spent by the ce- 
ment industry in 1970 to modernize and 
improve dust-collecting facilities and to in- 
crease the capacity and efficiency of pollu- 
tion control systems to comply with exist- 
ing and new pollution control standards 
and regulations. The cost of pollution 
abatement systems on new cement plants 
was reported to be about 20 percent of the 
capital investment. Electrostatic preceipita- 
tors continued to be the major dust collec- 
tor installed on kilns; however, glass-bag 
dust collectors are becoming more impor- 
tant and in some instances have replaced 
the precipitators. Kaiser Cement & Gypsum 
installed glass-cloth bag houses with a de- 
sign efficiency of 99.9 percent on the 
Clinker coolers at its Permanente, Calif., 
plant. Maule Industries installed electro- 
static precipitators at both ends of the kilns 
at its new plant in Dade County, Fla. This 
system has been used previously only in 
Australia. In Lund, Sweden, Mr. D. Ro- 
mell patented an electro-scrubber dust 
collector using minute, electrically charged 
water drops instead of the large electrodes 
required for conventional electrostatic pre- 
cipitators. The patent claims the ability to 
absorb sulphur dioxide, nitrous gases, and 
other gaseous impurities and particulate 
matter. Water drops are charged by elec- 
trostatic induction. 

In addition to air and water pollution, 
there was increased attention given to 
noise pollution. According to the Portland 
Cement Association, Dragon Cement Co's. 
plant, under construction at Thomaston, 
Maine, will muffle noise from grinding mills 
with precast concrete enclosures. The control 
room and other monitoring stations will 
be soundproofed, and closed circuit televi- 
sion will be used to monitor the primary 
crusher and kiln flame to protect operators 
from the noise of those operations. 

There was no indication of a change in 
the trend of manufacturing technology. 
Computer control is common in many 
plants with programs to cover most of the 
operations from preblending raw materials 
to calculating of heat consumption. The 
computer makes possible a greater degree 
of automation and the use of more sophis- 
ticated sensing and sampling techniques. 


One continuing trend in the industry is 


towards use of larger units of equipment. 
For example, Peerless Cement Co., a divi- 


sion of American Cement Corp., at its new 
plant under construction in Detroit, Mich., 
will install two ball mills 15 feet in diame- 
ter by 49 feet long driven by 7,000-horse- 
power motors. One of the largest rotary 
dryers in the world was put in operation 
at the Cement de Vicat S.A. plant in Cre- 
chy, France. The dryer, 17 meters long by 
5.2 meters in diameter, has a rated capac- 
ity of 500 metric tons per hour, but a 
maximum of 700 tons per hour have been 
reached on material that has a mositure 
content of 15 to 18 percent. 

Each year new improvements are an- 
nounced for vertical shaft kilns used to 
produce clinker, and patents were granted 
in 1970. Output has been increased during 
the past 40 years to as much as 220 tons a 
day. Nevertheless, the capacity of the shaft 
kiln is very low, averaging about 60,000 
tons per year compared with rotary kilns, 
which have capacities up to 1.25 million 
tons per year. Vertical kilns were not used 
to make cement in the United States but 
were common in many other countries. 

According to the Portland Cement Asso- 
ciation atomic-absorption spectroscopy is 
proving to be a reliable and time-saving 
tool in laboratory analytical work. Its 
growing acceptance in the cement industry 
is evidenced by its use by the Portland Ce- 
ment Association, the Bureau of Public 
Roads, and many cement companies. Con- 
tinuing work in several universities indi- 
cates the scanning electron microscope may 
also prove to be a useful device for inves- 
tigation of the hydration process and other 
basic areas in cement and concrete 
research. 

In July 1970 the National Bureau of 
Standards published the results of studies 
on the rate of stiffening of cement pastes 
and mortars in Building Science Series 28, 
“Exploratory Studies of Early Strength De- 
velopment in Portland Cement Pastes and 
Mortars." The American Society for Test- 
ing and Materials (ASTM) published part 
9 of the 1970 ASTM Standards containing 
110 standards on cement, lime, and gyp- 
sum of which 20 percent are new, revised, 
or have changed in status since the 1969 
edition was published. 

The ASTM Committee C-1 on Cement 
is developing specifications for Types K, 
M, and S expansive cements that expand 
during the early hardening period after 
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setting to produce shrinkage-compensating 
concrete. Concrete slabs poured with joint 
spacings more than 100 feet have not 
cracked during several years of exposure. 
Although applications are limited and 
usage is still relatively small, expansive ce- 
ments are becoming increasingly impor- 
tant. The parking garage under construc- 
tion at the Chicago O’Hare International 
Airport, one of the largest concrete struc- 
tures in the world, uses the Type K ex- 
pansive cement. Chemically Prestressed 
Concrete Corp. of Van Nuys, Calif. devel- 
oped and holds the patent for the Type K 
expansive cement, sold under the trade name 
ChemComp. Ciments Lafarge of Paris, 
France, will produce and market Chem- 
Comp in France. Type K expansive ce- 
ment comprises calcium silicates anhydrous 
calcium aluminosulfate, calcium sulfate, 
and free lime. 

Limited quantities of controlled fast-set- 
ting cement have been produced. Although 
still in the experimental stage, the rapid- 
hardening hydraulic cement with very high 
early-strength development appears to offer 
promising applications in the manufacture 
of concrete products such as blocks, pipe, 
prestressed and precast forms; paving and 
resurfacing; underwater patching; and for 
slip form structures. 

Research work at the Bureau of Mines 
Research Center in College Park, Md. on 
finding a use for waste silicofluorides pro- 
duced during the sulfuric acid-superphos- 
phate fertilizer process demonstrated that 
the fluorides act as byproduct mineralizers 
in lowering clinkering temperatures by as 
much as 150°C. In addition, retention 
time is reduced, fuel requirements are low- 
ered, and the kiln refractory degradation is 
minimized.2 

General Portland Cement Co., Trinity 
Division utilizing a new manufacturing 
process introduced a new tan-colored ce- 
ment containing no color pigment addi- 
tives to be used in high-quality architec- 
tural work. One of the first major 
applications was in the terminal building 
of the new Dallas-Fort Worth Airport. 
Universal Atlas Cement Division of United 
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States Steel Corp. introduced a new oil 
well cement that mixes with sea water and 
remains pumpable without additives at 
depths to 16,000 feet. The company intro- 
duced an expansive cement comprizing 
portland cement, calcium aluminate ce- 
ment and calcium sulfate designated Type 
M. Oregon Portland Cement introduced a 
new off-white cement. Ideal Basic Industries 
Started marketing a Type S expansive ce- 
ment composed of portland cement con- 
taining a large computed CsA content and 
calcium sulfate in excess of the usual 
amount. 

Various aspects of cement plant design 
and construction were discussed at the 
Sixth Cement Seminar in Chicago, Ill., De- 
cember 6-9, 1970. Improvements in pyro- 
processing, dust control, quarrying, and 
materials handling were the major topics 
covered in the seminar. 

Raw materials used at the Dewey Rocky 
Mountain Cement Co’s. new plant at 
Lyons, Colo., contain kerogen in the oil 
shale members of the shaley-limestone de- 
posits. Kerogen, which vaporizes at 400 to 
1,0009 F, presented a problem of heat re- 
leased at the feed end. A 121%-foot by 
180-foot roaster was installed along with a 
1214-foot by 45-foot dryer. Hot gases and 
unburned kerogens were utilized in the 
dryer and thereby eliminated the problems 
of high-backend temperatures in the kiln. 

The British Standards Institution pub- 
lished BS4408, “Non-destructive Methods of 
Test for Concrete, Part 3 Gamma Radiog- 
raphy of Concrete, which described a 
method for radiographic inspection of 
hardened concrete up to 450 millimeters 
thick. This method is capable of diagnos- 
ing such faults as incomplete compaction 
or honeycombing, cavities in the grouting 
of prestressing wires, defects in joints be- 
tween concrete units, and enables accurate 
determination of the position of reinforc- 
ing steel in concrete. 


2 Ampian, S. G. and Flint, E. P. The Effect of 
Silicofluorides on the Formation of Calcium Sili- 
cates, Aluminates, and Aluminoferrite. Paper to 
be presented at the 73rd Annual Meeting, The 
1 7 Ceramic Society, Chicago, III. in April 
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Table 3.—Portland cement shipped by plants in the United States, i by types 


1969 1970 
Quantity Average Quantity Average 
Type (thousand alue per (thousand Value per 
876-pound (thousands) barrel  376-pound (thousands) barrel 
barrels) barrels) 
General use and moderate heat 
(types I and II!) 384,654 $1,216,626 $3.16 363,553 $1,191,215 33,28 
High-early-strength (type III)... 13,485 47,065 3.49 14,171 50,086 8.53 
Sulfate-resisting (type V)........ 2,033 7,452 8.67 8,155 11,652 8.69 
GM! ee ese 2,892 11,079 3.83 3,310 12,627 8.81 
ff; iaa la 1,928 12,945 6.71 2,243 16,832 7.50 
Portland-slag and portland 
E carcasas 386 1,187 3.08 410 1,418 8.46 
Miscellaneous 2.____ .........- 4,448 16,166 3.63 3,619 14,404 8.98 
Total: AA 409,826 1,312,520 3.20 890,461 31,298,283 8.32 


1 Includes Puerto Rico. 
2 Includes type IV, waterproof cements, and expansive cements. 
3 Data may not add to total shown because of ndependent rounding. 
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Table 4.—Destinations of shipments of all types of finished portland 
cement from mills in the United States, by States 1 2 


(Thousand 376-pound barrels) 


Finished portland 
Destination 
1969 1970 

AAA u u u S e la 6,043 5,314 

Alaska 5 A O ERES 
JJ77%7%%%ͥͥ01¹5ͤ ⁵ ˙ Ü' ch aav dc Li D Sa eee Bete Mu 5,177 5,638 
ET EE A au 3,845 3,270 
California, northern 17,733 15,176 
California, southern 28,782 30,316 
¡A A ⁰w] ³ ¹]VA ⁵³⁰¹6 m T ] Ü A A 4,817 5, 535 
ere dd y sS RE LUE 4,425 4,435 
DA cas 939 860 
District of Columbia )) 1,048 967 
U YG o a 18,708 19,165 
E A AAA O 10,880 10,125 
E E A xxx NO 2,584 2,447 
E: TN EENEG 2,534 2,704 
le E NN MA A tees EE 19,581 17,595 
lodenna A AA AA NAS 9,510 8,530 
A ß e . A Heat 8,865 8,488 
/// ͤ0õ00 i eae i O WW 8 5,656 5,127 
ONC UGK ERA np MK EES 5,804 5,181 
Louisiana ” ee 11,699 10,118 
Maine. EE Ee 1,069 1,094 
EA AAA EA AS 7,230 7,709 
Massachusetts ooo 6,952 7,198 
Iii: lt aa 16,459 14,664 
Minnesota i 9,150 8,391 
Mississippi ee 8 4,427 4,328 
A WEEN 9,577 9,291 
Montang 2,077 1,699 
"leg AA ED P NER A AAA AA 4,525 4,437 
ET WEEN : 8 1,683 1,600 
New Hnpß hin 8 992 887 
New Jersey 2 / RIETI S 10,963 10,995 
New MM o 8 2,273 2,282 
New erk kk 8 4,118 3,832 
New York, western- nnn 4, 521 5, 020 
New York, metropolitan ?_ “nnʒnuu4rll .... . . . ......-....-- 8,987 9,016 
N a cae 8,526 8,099 
North Dakota “ 1.216 1. 536 
1 To AS E EENE ale A ð³ꝰ 20,242 17,176 
C%%%%ͥͤͥͤ ho ͥ ⅛˙o˙]˙ẽ˖«0ͥ-o A 8 7,282 6,573 
A AAA ASA A x 3,645 3,423 
Pennsylvania, eastern 12,460 11,144 
Pennsylvania, western 7,357 6,115 
Rhode Island AA E A 1,031 1,001 
South A is AMAN 4,297 4,163 
South Dakota .... 2L LLL LLL LLL cL cL eee 1,341 1,289 
en r 7,231 7,320 
da es AA EA RRA A AE O O 30,051 28,792 
Dial A A t Lat A 8 2,441 2,228 
A IN ²]¹ʃ ⁵7ÿ· ⁰ ˙ EE 692 575 
T A MI ðyytd 9,117 9,424 
% ᷣ ͤ !“!“!'!:hß;ö . csc —————————— 6,125 6,041 
West Virginis. TSS Soo ci ee e ee 2,501 2,496 
Wisconsin- o S SPD a: ee SS SS: Yt yf P eee ee P P S ee 9,611 8,138 
SN ee dac SY 915 989 
Total United Stats 899,709 379,956 
Ae ³ ³ ⁰ 10,117 10,505 
Total shipped from cement plants 409,826 390,461 


W Withheld to avoid disclosing individual company confidential data; included with “Other countries.”” 

1 Includes imported cement shipped by domestic producers only. 

2 Excludes cement used in the manufacture of prepared masonry cement. 

3 Has no cement-producing plants. 

4 Direct shipments by producers to foreign countries, the State of Alaska, and to Puerto Rico, including 
distribution from Puerto Rican mills. 
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Table 6.—Clinker produced at mills in the United States, 1 by processes 


Production 
Number of Thousand Percent of 
Process plants 876-pound barrels total 
1969 1970 1969 1970 1969 1970 
Wot- ocu ð ʒ wu i o 113 112 245,285 237,542 61.0 60.4 
ENEE r 66 67 157,040 156,022 39.9 89.6 
Tobal: ou a a r 179 179 402,275 893,564 100.0 100.0 


r Revised. 
1 Includes Puerto Rico. 


Table 7.—Raw materials used in producing portland cement in the United States 1 


(Thousand short tons) 
Raw materials 1968 1969 1970 

Cement road 23,842 23,315 22,824 
Limestone (including oystershell) ......................... 88, 751 ; 88,2830 
CEET 1 716 1,669 
Clay and shale s 12,489 12,190 11.833 
Blast- furnace slac ggg ͤ„ 1, 086 959 853 
VOSUM si LAC It mca 8 8,465 8,569 8,491 
Sand and sandstone (including silica and quartz) 1,807 1,979 2,198 
Iron materials! ² ᷑ ee d meis 777 
Miscellaneous VP ůk !!!!! 343 369 841 
g ue dL Le DEL 128,136 128,082 127,211 


1 Includes Puerto Rico. 

? Includes fuller's earth, diaspore, and kaolin. 

3 Includes iron ore, pyrite cinders and ore, and mill scale. 

* Includes fluorspar, pumicite, calcium chloride, soda ash, borax, staurolite, fly ash, bauxite, diatomite, air- 
entraining compounds, and grinding aids. 


Table 8.—Finished portland cement produced and fuel consumed by the portland 
cement industry in the United States, 1 by processes 


Finished cement produced Fuel consumed 
Oil 
Year and process Thousand Coal (thousand Natural gas 
Plants 376-pound Percent (thousand 42-gallon (thousand 
barre of total Short tons) barrels) cubic feet) 
1969: 
Wet 2113 245,344 61.4 5,553 6,098 139, 337, 469 
Dry.......... 68 154,258 88.6 3,630 981 61,957,351 
Total 181 399, 602 100. 0 39,183 6,074 201,294,820 
1970: | 
Wet 112 285, 278 60. 5 4,347 7,486 143,262,418 
DP S... 2 69 153,912 89.5 8,619 2,542 68,550,508 
Total....... 181 889, 190 100.0 7,966 10,028 211,812,926 


1 Includes Puerto Rico. 
? Includes two grinding plants that received clinker from other sources. 
3 Comprises 212,522 tons of anthracite and 8,970,260 tons of bituminous coal. 
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Table 9.—Portland cement produced in the United States, i by kinds of fuel 


Finished cement produced Fuel consumed 
Oil 
Thousand Percent Coal (thousand Natural gas 
Year and fuel Plants 376-pound of total (thousand 42-gallon (thousand 
barrels short tons) barrels) cubic feet) 
1969: 

Coal 60 ? 129,950 82.5 „ G T seme asis 
BEE 8 218,677 as nes 3,338 __ 8 
Natural gas 348 2 101,714 2) 2x 111,505,526 
Coal and oil 18 42,805 10.7 1,770 1:250. 8 

Coal and nat- 
gas 21 44, 309 11.1 988 — 31,949,598 

Oil and natural 

gas 18 42, 894 10.7 t 1,338 42,504,578 

Coal, oil, nat- 
ural gas 8 19,253 4.8 236 143 15,835,123 
Total. ` 181 899,602 100.0 19,183 6,074 201,294 ,820 

1970: 

Coal 42 73,331 18.8 3.500. č .  xietetesdbk 
se 11 24,946 6.4 T 5509 —-U 
Natural gas 48 102,314 20.9 . ͤ 118,817, 083 
Coal and oil... 319 49,860 12.8 1,762 1,2350. 22:2: mex 

Coal and nat- 
ural gas 28 52,999 13.6 1,892 | |  ..... 30,628,839 

Oil and natural 

5 19 43,465 11.2 m 1,909 40,526,094 

Coal, oil, nat- 
ural gas 14 42,275 10.9 1,252 1,254 21,840,910 
Total....... 181 389,190 100.0 7,966 10,028 211,812,926 


1 Includes Puerto Rico. 

2 Average consumption of fuel per barrel of cement produced as follows: Coal, 95.3 pounds; oil, 0.1783 
barrel; and natural gas, 1,096 cubic feet. 

3 Includes two grinding plants that received clinker from other sources. 

4 Comprises 212,522 tons of anthracite and 8,970,260 tons of bituminous coal. 


Table 10.—Electric energy at portland cement plants in the United States,1 
by processes 


Average 
Electric energy used electric 
Finished energy 
cement used per 
Generated at port- Purchased Total produced barrel 
Year and process land cement plants (thousand of cement 
—— —— F  — P  R—— $'"6-pound produced 
Active Million Active Million Million barrels) (kilo- 
plants kilowatt- plants kilowatt- kilowatt- Percent watt- 
hours hours hours hours) 
1969: 
Wett 9 265 109 5, 508 5, 773 59. 3 245, 344 23. 5 
DEY occ cata r 14 r 836 r 67 r 3,126 3,962 40.7 154,258 25.7 
Total r 23 r 1,101 r 176 r 8,634 9,735 100.0 399 , 602 24.4 
Percent of total 
electric energy 
used = r 11.3 — r 88.7 100.0- coda. cs — 
1970: 
Wet 9 307 109 5,353 5,660 57.5 235,278 24.1 
Dry z zas 14 812 69 3,364 4,176 42.5 153,912 27.1 
Total. ..... 23 1,119 178 8,717 9,836 100.0 389,190 25.3 
Percent of total 
electric energy 
used - 11.4 NM 88.6 100.0 22355 cz Li 


r Revised. 
1 Includes Puerto Rico. 
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Table 11.—Shipments of portland cement from mills in the United States,1 


in bulk and in containers, by types of carriers in 1970 


(Thousand 376-pound barrels) 


Shipments from 


Type of carrier 


In 
bulk 
Railroad 44, 060 
Truck za EAN 5,645 
Barge and Boat 42,657 
Unspecified i 
o EE 92,362 


1 Includes Puerto Rico. 
2 Includes cement used at plant. 


plants to terminal 


n 
containers 


332 


Shipments to ultimate consumer 


From terminal 
to consumer 


In 
bulk 


95,277 


In 


containers 


From plant 
to consumer 
In In 
bulk containers 
57,368 4,348 
197,089 26,485 
: 65 
296 75 
259,261 30,973 


Total 
shipments 


70,311 
5 


, 


406 
3 890,461 


3 Bulk shipments were 90. 8 percent (354,538 barrels); container (bag) shipments were 9.2 percent (85,923 


barrels). 


Table 12.—Cement shipments by types of customers in 1970 


(Quantities in thousand 376-pound barrels) 


Highway contractors 


Building and government Miscellaneous 

District materials 1 agencies ? including own use Total 
Quantity Percent Quantity Percent Quantity Percent 
New York, Maine 25,953 91.4 1,257 4.4 1,192 4.2 28,402 
Pennsylvania, eastern 28,862 93.3 1,532 5.0 515 1.7 30,909 
Pennsylvania, western 8,582 85.8 1,170 11.7 247 2.5 9,999 
Maryland, West Virginia.... 10,310 87.1 1,406 11.9 122 1.0 11,838 
OblO EE 10,282 87.1 1,217 10.3 308 2.6 11,752 
Michigan 24, 523 82.3 3,885 13.0 1,405 4.7 29,813 
Indiana, Kentucky, Wiscon- 

EE 13,415 85.8 1,949 12.4 280 1.8 15,644 
Hinsss Soothes 7,290 91.7 467 5.9 189 2.4 7,946 
Tennesse 7, 868 88.6 879 9.9 131 1.5 8,878 
Virginia, North Carolina, 

South Carolina 10,386 86.9 1,467 12.3 97 .8 11,950 
Georgia, Florida 13,460 87.1 1,657 10.7 339 2.2 15,456 
Alabama.................- 14,036 87.4 1,794 11.2 223 1.4 16,053 
Louisiana, Mississippi....... 5,363 76.7 1,040 14.9 585 8.4 6,988 
Minnesota, South ‘Dakota, 

Nebraska. 5, 150 72. 8 1,843 26.0 86 1.2 7,079 
1/ö‚§ö§Ü elt 8 11,230 88.1 1,399 11.0 115 .9 12,744 
enger JFF 17, 800 83.9 3,013 14.2 411 1.9 21,224 

a o o DUE 7,182 78.1 1,511 16.4 504 5.5 9,197 
Oklahoma, Arkansas 8,003 72.4 2,847 25.8 198 1.8 11,048 

(i A x 27,942 82.3 3,247 9.5 2,778 8.2 33,967 
rd Montana, Idaho. ` 3,109 68.8 1,064 23.6 34 7.6 4,518 
Colorado, Arizona, Utah, 

New Mexico 11,338 83.7 1,829 13.5 386 2.8 13,553 
Washington 5, 125 78.9 1.259 19.4 111 1.7 „495 
Oregon, Nevada 3, 500 88.8 439 11.1 5 .1 3,944 
California northern 14,206 86.8 1,983 12.1 179 1.1 16,368 
California, southern 26,948 81.3 5,616 17.0 567 1.7 33,131 
Hawül...- 2-229 eR 2,005 95.2 58 2.8 42 2.0 2,105 
Puerto Rico 8,822 93.3 E 637 6.7 9, 460 

Tot! 332, 640 85.2 45,829 11.7 11,992 3.1 390,461 


1 Includes dealers, concrete products manufacturers and ready-mixed concrete manufacturers. 


2 Includes Federal, State, and other government agencies. 
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Table 14.—Shipments of prepared masonry cement from mills in the United States, 


by States 1 
(Thousand 280-pound barrels) 


Masonry cement 


Destination 
1969 

A/ AAA 597 

A RR A wee 

Eat A aaa « ˙ ⁵ ĩꝗ ð˙ : ¾˙ h EE 
I ⁰ uãᷣ⁰ ˙ö- aes a Z ae 8 343 
Calilormia, northern ve bet ad y ( Ee 
California, rz swell eit naa. 8 
COLA O: a a O A ELE A EU 223 
a Sk ee ee See eee 2 s 145 
Delaware $u, lu ee ³⁰“ÜiüA ] ˙m.0DUm; ee 59 
District of Columbia 2332322 257 
eee A EEN 1,703 
GeOOPQIR. d eee ee is cl ĩ a a 1,367 
GWE te rc a e ß EES 
h a 8 13 
ids dd oi a SS 805 
ee, ß , ee NA 805 
J%%%/%% dd a EEN 188 
Lë CT .— 2-22 5b E onu ⁰ od ͥ ͥͤ ⁰⁰dddddadddddddddddddddfãͥ y ee E EE 172 
Kentuck Ü˙êð¹506—E ↄ ...:... qu esta ms 634 
ll ðDV“ꝙ . xð ᷑ IS 440 
I ⁰ ed dd s ͥ ĩð 80 
““,. ͥ us d y y 8 687 
Massachusetts +... usuaria a ada 315 
eee A d A A 1,380 
Minnesota A A A SD 451 
Mergen 407 
hee, ß A A cece u a es 229 
lll ⁵ð EE 14 
N ³oð¹wAA1AiAqſ ⁰ͥ⁰ ĩ r 9m‚ SS A uu as 74 
( /hſGãͥ ones ³ſdꝙkVᷣddffdfdffͤ dd d u mas s W 
New Hampshire AA A RR Z TRECE E t Z 92 
New Jersey A ————————— 600 
Now "Metteg 73 
New York, CABO... a a ge 283 
New York, N h ³·¹ AA MR RE CCC 263 
New York, metrepoiisesesesesess bonds 326 
irn A O cadence 1,544 
North D8KRk060t8 ere ras es os iaa 50 
Ä e aaa a a y UL E LE 1,632 
G ⁵˙XVXVVXà .. ³ é / Add 304 
Oe . ]ĩr“à̃ ĩðdd d y ß 2 
Pennsylvania, eastern 444444444õö???1b;¹ẽ 466 
Pennsylvania, western. .......... n 638 
Rhode / rA ⁵¼6ꝛ0 dd 8 28 
Sur e ³⅛x-ͥqſ ⁰ͥ⁰ãꝗy EE 916 
South k,, 45 
Ell ⁵ ↄ ͤͤ—ã-—ͤn:Hüß:::: „BN y e Š 1,087 
KT EE 1,039 

EC O eel TM 
Feine ˙bů x 43 
O A . xxx y ⁰⁰ 1,317 
Washington d EE 60 
West. NEE eos out eee amend is 233 
WISCONSIN sr g ß ß ͥyddßad mam aAA e e 469 
z ⁵ ⁵ ß A A 15 
Total eee te eee ey . ads 22,918 
Other ür ⅛ð 335 
Total shipped from cement plants- .. . eee 23, 253 


1970 


611 
W 


20, 905 
370 


21, 275 


W Withheld to avoid disclosing individual company confidential data; included with “Other countries.“ 


1 Includes imported cement shipped by domestic producers only. 
2 Has no cement producing plants. 
3 Direct shipments by producers to other countries and to Alaska, Arizona, and Nevada, 
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Table 15.—Average mill value in bulk, of cement in the United States 1 
(Per barrel) 


Prepared | 

Year Portland Slag masonry All classes 

cement 2 cements 2 cement 3 4 of cement $ 
I96B- so a a o eee eee $3.12 $3.74 $2.83 $3.15 
A A 8 3.14 3.87 2.8 3.17 
KT 3.16 3.86 2.86 3.19 
9 SIA 8 3.20 3.84 2.97 3.23 
T9 WEE 3.32 W 8.17 8.37 


W Withheld to avoid disclosing individual company confidential data. 

1 Includes Puerto Rico. 

2 376-pound barrels. 

3 Includes masonry cements made at portland, natural, and slag cement plants. 

4 280-pound barrels. 

5 Includes masonry cement converted to 376-pound barrels; slag cement (1966-69). 


Table 16.—U.S. exports of hydraulic cement by countries 
(Thousand 876-pound barrels and thousand dollars) 


1968 1969 1970 
Destination —— — ——e— ä —— y — WM— -  9N 
Quantity Value Quantity Value Quantity Value 
Australian 9 $56 5 $215 27 $716 
Baan ³ðW 8 44 217 32 220 27 192 
Belgium- Luxembourg 7 55 5 53 1 20 
Baie... aaa 4 42 2 14 (1) 2 
A A E E SER (1) 4 43 

Canada A 222 1,117 200 980 460 2,235 

EN AAA O 40 5 79 3 
Dominican Republic.................- 3 17 1 21 1 30 
Ecuadof. a» 8 1 13 3 25 13 103 
Y . coc D 1 10 1 13 2 22 
French West Indies 349 660 79 146 75 130 
Germany, Weste 80 4 84 2 85 
Guatemala... (1) 1 1 5 1 8 
A O A eas 2 10 20^ Ae ee 
Indonesia 16 149 10 91 2 15 
Waly Aoc 2 16 1 5 2 21 
l ĩ˙6t1riè“ 8 5 28 5 42 4 26 
ROOD soos 11 197 11 228 12 309 
113 and Windward Islands 130 271 130 266 88 171 
Mila a L eed 17 197 24 190 38 366 
Mozambi qu (1) 1 2 11 2 12 
Netherlands 2 10 2 12 (1) 2 
Netherlands Antilles. 42 87 12 27 29 70 
Nie -eM 10 67 4 33 11 83 
Nenn uuu Oba sss 3 12 3 13 4 20 
Panama ii es Sona is 1 16 1 20 1 17 
Peru EENEG 6 42 1 15 1 15 
Philippines 3 29 1 12 3 30 
WW 3 14 3 15 2 23 
Ä ²ð⅛¹ꝛ AA a es 1 22 2 19 2 81 
TalWal-. lo da 1 20... AA 2 25 
United KingdoT11mmũn 5 23 2 9 2 14 
Venezuela__________._____.-._.------ 2 27 5 47 1 20 
Vietnam, Sou tn (1) 1 (1) 4 (2) 9 
Western Africa, pen... 4 38 (1) BS Hond “duna 
Other. m mds md a ee 29 300 19 210 27 351 
M 2e ð iM baie Lc 942 3,884 589 3,189 847 5,211 


1 Less than Le unit. 


Table 17.—U.S. imports for consumption of cement 
(Thousand 376-pound barrels and thousand dollars) 


Roman, portland, ! 
and other Hydraulic cement White nonstaining Total 
Year hydraulic cement clinker portland cement 


Quantity Value Quantity Value Quantity Value Quantity Value 


19898 8 6,922 516, 103 152 $242 215 $1,033 7,289 $17,378 
1969.2 2 L22222 r8,818 721,852 608 1,641 r 261 r 883 9,687 24,376 
1910322 2s 11,437 28,596 2,136 4,320 239 1,260 13,812 34,176 
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Table 18.—U.S. imports for consumption of hydraulic cement in 1970, 
by countries and customs districts 


(Thousand 376-pound barrels and thousand dollars) 


Quantity Value Quantity Value 
Country: Customs district—Continued: 
Bahamas 3,848 $10,139 Charleston. n 298 3665 
Belgium- Luxembourg 424 hiess... l e ee 87 226 
Canada... o ul l 2. l SL 5,345 13,104 Detroit 1. 178 2,316 
Colombia 496 932 El Paso 1 2 
Denmark 36 200 Galveston. -.-------------- 82 190 
Dominican Republic........ 4 9 Great Falls 9 36 
EE 14 100 Honolulu ooo 242 481 
Germany, West 89 406 | Laredo 4 12 
Jamaica .. ooooocooooo... (1) 1 Los Angeles 17 106 
Japan 301 720 EN EE 1,831 4,567 
Korea, Republic of. 8 3 Milwaukee (1) (1) 
bannen O New (Orleans... 1 
Mexico 518 1,236 New York City............ 1,913 4,060 
Norway 2, 607 5,204 Norfolk. .................- 647 1,717 
pan Ec a ee Le olas 33 19 Ogdens burg 501 1.492 
nited Kingdom 460 1,383 Pembina.___. oe ws 116 445 
Venezuela 8 17 Philadelphia. 38 403 
Vugosla via 13 98 Portland, Maine 32 125 
Portland, Oregg 1 5 
d Ke BEE 13,812 34,176 St. Albans................- 352 1,401 
San Juan 658 1,710 
Customs district: Bavannah ggg 4 
Anchorage 283 864 Seattle. 808 2,041 
Baltimore 18 39 KT ses 2,287 6,060 
O . 125 289 
Bridgeport. ............-.- 694 1,144 TOA lena sica das 13,812 34,176 
Buffalo 1,685 3,723 
1 Less than l4 unit. 
Table 19.—Hydraulic cement: World production, by countries 
(Thousand 876-pound barrels) 
Country 1968 1 1969 1 1970 p 
N Oren Amera 
os lat 4,000 4,764 4,887 
Canada , (sold or used by producers) ...................- 43,436 43,881 42,896 
Costa §ö;õ//ͥ̃ todas 8 774 926 , 050 
M EE 4,573 e 4,700 e 5,000 
Dominican Republic)) . 1.917 2,287 2,885 
ElSalvadop-.. e rata aaa 903 83 979 
em RYE d Eee eem ERE E e 1,055 1,096 1,319 
PS A ñ ) ]ͤ ß. my 8 246 293 369 
n e E MEE 756 774 885 
FFF ˙àà]]AiA ³Ä d ⁰⁰⁵ym SN 2, 398 2, 427 2, 680 
IE AA ...... E 35,919 39,795 41,782 
Nie ] ⅛ V . 598 639 797 
Panama LLantas EE 967 1,020 e 1,060 
Trinidad and TODARO: airada 1,231 1,425 e 1,490 
United States (including Puerto Rico).................- 412,040 416,652 406,721 
South America: 
0 A 24,479 25,248 27,962 
BON VIA n!!!! x 8 416 469 674 
Brazo u uyu dy. k y ME ee 42,691 45,869 52,782 
e ß OL AN 7,259 8,414 7,910 
Colombia; A A v 8 13,879 14,119 16,165 
Fah ³ðᷣ 8 , 545 2,674 e2,700 
PAra guay ⁰WNl .. ces teeta See cece cece esece 141 217 369 
POPU A T RR 6,502 6,667 e 6,740 
Uruguay cesa cacao aa 3,020 2,738 2,938 
Venezuela. O A O a sanu Sans 14,295 12,196 15,538 
Europe: 
Albania pc 1,771 1,923 e2,110 
% aa 26,696 26,725 28,179 
Bel > oscar 33,656 36,757 39,455 
QUA A ⁵ↄðͥã ⁵ AAAAAAV—VT—VV—V—B—-ũ oce 20,616 20,827 21,530 
Czechoslovakia._......._....--..-.----------.------- 38,071 39,478 43,395 
Denmark oie e e ii hu aras 13,357 15,286 15,268 
Finland: IA A AA 8,654 10,314 10,783 
ENEE 148,888 161,495 169,451 
Grm., d EE dee e 44,274 43,447 e 44,000 
Germany, A AAA AA x 196,088 205,675 224,713 
e 23,917 28,879 28, 730 
Hungary. A O AAA ß A 16,423 15,034 16,247 
E AAA ũVy mm; mw A eee 586 545 498 
Fe ³ĩðÄdſſͥ ⁵ ou ne cose se A 7,927 7,464 5,042 
C ³˙ ¹ q iS 172, 764 84, 684 194, 241 


1 
See EE at end of table. 
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Table 19.—Hydraulic cement: World production, by countries—Continued 


(Thousand 376-pound barrels) 


Country 1968 ! 1969 ! 1970 » 
Europe—Continued 
een, ß x dE RAT ERESEd 1,120 1,214 1,437 
Netherlands.. 22.22 0o ccs carnada 20,147 19,326 22,457 
NOrWAY== etica ¼ ⁰ ⁰¹ ½⅛˙n¼ hl 13, 468 14,611 15,450 
Poland--.-. oc E roi 8 68,015 69,364 71,416 
5 %%% NET ENRICO HN m i a tc 10,912 11,938 13,673 
Romanis ße i RE ed cq E 41,196 44,063 41,652 
Spain nude Canary Islands) 87,681 92,489 96,957 
dJ ũ “ cess quu A Wird deu ae 22,937 23,207 23,418 
Switzerland AA 25,336 26,584 28,127 
USSR A A ZZ. 513,114 526,178 558 , 192 
United Kingdom. ___.....-.-..--..---.---------.~----- 104,796 102,151 99,988 
h c eec ERE LER RE a E C 22,076 23,242 25,793 
Africa: 
7 ³˙Ü1õ%oòo³‚A 8 5, 078 5, 570 e 5, 900 
% ù⁰³⁰Ü⁰ A A Suwa RE 1,829 2,246 2,639 
Cape Verde Island 58 e 60 e 60 
Congo (Kinshasa) 1,724 1,888 2,252 
IN ME ⁰ EET unie ue 1,020 973 1,061 
Ghahaé loe ola 1,349 2,392 2,474 
Ivory’ COMA ß rada 1,935 2,275 e 2,350 
w ²ð¾irun.¼¼ðq A A —ÀY 3,184 3,764 4,702 
1 8 Moa ⁵ðWꝛĩvUÜ ⅛.ꝗ¶ De,]... oe UR 293 410 e 410 
ithe J o y — ow — cule e 290 e 590 
agasy Republie——— 899 440 440 
Mal BW. ooo ede ete ce tet E E EE sence 8 328 446 410 
Nek ⁵³ 5, 840 5,429 6,831 
Mozambique--------------.------------------------- 1,689 1,788 2,257 
Niger 135 147 205 
NIGGOMEB 2.2 ᷑ͤm—ͤ . IBI d ⁊ĩ . AS 3, 366 3,319 3,495 
Rhodesia, EA ee EE 1,988 2,240 e2,290 
i::tß ⅛ «. x A 1. 184 1,214 1,413 
Sierra Leone —————Á——— E 258 e211 e 211 
South Africa, Republic ol... 25,857 29,241 83,720 
Sudan ———— 850 1,026 1,231 
AAA AME GERE SE MEE E 915 997 979 
Urands 33 —————— —————— — Cunas 2,984 3,536 3,154 
EENG 909 1,014 1,120 
United Arab Republic. taa a a a dal 18,452 21,184 21,612 
Zambia 1.999 1,483 
Are ss conde 539 616 e 645 
A A de ee 8 1,032 1,073 1,172 
.. Dm 350 350 350 
ohh 1,301 1,659 1,911 
5 Win. A sas 52, 800 58, 600 58, 600 
P]êÜ54e . s.s Soa 1,395 1,425 1,548 
Hong > Kong o 8 2,199 2,216 3,096 
ill.. sS 70,009 77,748 79,407 
E MAA ⁰ 2,404 3,166 3,242 
TC, RE 11,375 13,732 e 15,110 
1 A II Sms s 8,200 8,200 8,200 
DL A A 8 6,48 7,669 8,204 
Japan ou z Ee 279,547 801,800 335,320 
%%% õ ͥ ³ 22g u sy ; , , 345 
Korea; hh. x 15, 800 17, 600 23, 500 
Korea, Republic oſffñ 6 «««h«n««„ 20,944 28,525 34,078 
ene, ß is 5,312 7,347 7,593 
E A A 5,494 5,705 6,039 
Hanns 440 700 700 
Fill! dE 14,289 15,702 15,432 
PhillDpineS..-.- sock tess e ap dos 15,034 17,297 14,371 
JJ cias ĩ 8 e 300 e 600 
Ryukyu CT. TEE 1,466 e 1, 500 e 1,500 
Saudi Arabia. ⁵ S cess cesses sccceesecccece 32,996 3,272 3,817 
Singapore---_---..--------------------------------- 3,325 3,653 4,257 
Syrian Arab RNpubhlle 5,371 5, 476 5, 676 
NIK ZZ 23,412 23,969 25,242 
Thailand AAA AN caede 13,867 14,090 14,500 
KI EE 27,722 33,984 37,355 
Vietnam, rr; x Erde 2,900 2,900 2,900 
Vietnam, South- o ocio a isrann e ad ls 850 1,448 1,677 
Oceania: 
( Slee ³ ee iio 23,031 25,271 26,971 
e , e 299 322 352 
New Zealanß daa ͤ1„é 4,474 4, 708 4,861 
r ͥͥͥͥ e EN r 3,021,620 r 3,179,863 3,350,142 
e Estimate. p Preliminary. r Revised. 


1 Most entries revised slightly from data appearing in 1969 edition of this chapter owing to use of a different 
conversion factor from tons to barrels. 
2 Year beginning Mar. 21 of that stated. 
3 For the period Mar. 30, 1968 to Mar. 18, 1969. 
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Chromium 


By John L. Morning * 


Imports of chromite balanced domestic 
requirements for the first time since 1966, 
reflecting increased world production 
which established a new high. Metallurgi- 
cal-grade chromite prices rose for the 
fourth successive year, continuing the 
trend initiated in 1967, primarily as a re- 
sult of continued United Nations economic 
sanctions against Southern Rhodesia. 
Southern Rhodesia was formerly a leading 
supplier of chromite to the United States. 
Government stockpile sales of chromite 
were strong, particularly for chemical-grade 
chromite, of which the General Services 
Administration (GSA) sold 667,000 tons. 


Legislation and Government Programs. 
—In August, the Office of Emergency Pre- 
paredness (OEP) found, as a result of an 
extensive investigation, that ferroalloys and 
related products were not being imported 
into the United States in such quantities 
or under such circumstances as to threaten 
the national security. This was in response 
to an application filed May 24, 1968, by a 
committee of producers of ferroalloys and 
related products under section 232 of the 
Trade Expansion Act of 1962. OEP con- 
cluded that, based on available informa- 
tion, the domestic ferroalloy capacity con- 
tinues to be sufficient to meet emergency 
defense and civilian requirements. 

New quantity stockpile objectives for 
chromite were established by OEP in 
March. OEP defines quantity objectives as 


the difference between the estimated essen- 
tial requirements for defense production in 
an emergency period and the estimated 
supply that would be available. The new 
objectives lowered the basic objectives for 
both metallurgical-grade and refractory- 
grade chromite as well as subobjectives for 
metallurgical-grade chromite. The new 
objectives are shown in table 2. 

GSA in July offered for sale, on a com- 
petitive bid basis, 803,527 long dry tons of 
metallurgical-grade chromite. This material 
was acquired under the Defense Produc- 
tion Act of the 1950’s and stored at Nye, 
Mont. An announced sale of the material 
was defaulted, and the chromite was reof- 
fered for sale in November, but no accept- 
able bid was received. 

Congress on July 10 passed Public Law 
91-328, authorizing the disposal of 826,900 
short tons of refractory-grade chromite 
from the national stockpile. In December, 
GSA sold 21,840 short tons by competitive 
bidding to Kaiser Aluminum & Chemical 
Corp. 

During the year, Government stockpiles 
were reduced by a total of 245,000 tons of 
which 161,000 tons was metallurgical-grade 
and 84,000 tons was chemical-grade. At 
yearend, 259,000 tons of metallurgical- 
grade, 589,000 tons of chemical-grade, and 
21,000 tons of refractory-grade chromite 
were listed as sold but unshipped. 


1 Physical scientist, Division of Ferrous Metals. 


Table 1.—Salient chromite statistics 
(Thousand short tons) 


United States: 
Exports 


eee, ß 
Imports for consumption__-_. 
Consumption. v 


Stocks 


World: Production 


1966 1967 1968 1969 1970 
— 19 8 13 49 41 
ieu 173 157 126 150 78 
RESET 1,864 1,240 1,084 1,106 1,405 
es 1,461 1,355 1,316 1,411 1,403 
sad 1,306 1,197 912 740 809 
nasa 4,843 5,041 5,444 5,896 6,527 


296 


MINERALS YEARBOOK, 1970 


Table 2.—U.S. Government chromium stockpile material inventories and objectives 
(Thousand short tons) 


Inventory by program, Dec. 31, 1970 


Type of material Objective 
Chromite, chemical: Stockpile grade. . 260 
Chromite, refractory: 
Stockpile grade 368 
Nonstockpile grade... 
Chromite, metallurgical: 
Stockpile grade. ................ 22,911 


Nonstockpile grade 
Ferrochromium, high-carbon: 

Stockpile grade... 71 

Nonstockpile grade 
Ferrochromium, low-carbon:. ........ 
Ferrochromium-silicon. ............. .........- 
Chromium metal, electrolytic. ______- 4 
Chromium metal, aluminothermic.... 


1 Less than Le unit. 


National Defense Supple- Total 
stockpile Production mental 
Administration stockpile 
559 600 —8 1. 159 
1;04T 88 180 1,227 
AS 
L-TOL cet 88 323 2,114 
693 9 1,594 
125. 152256 usss 277 402 
A E A Metecoeese 
A EE 191 319 
F 33 59 
| aet ese 3 4 
EE 4 4 


2 455,602 tons of chromium alloys included above, equivalent to 1,083,325 tons of chromite, credited to 


objective. 


DOMESTIC PRODUCTION 


Domestic mine production of chromite 
ceased in 1961 when the last Government 
Defense Production Act contract was 
phased out. However, the United States 
continued to be the world's leading chrom- 


Company 
Metallurgical industry: 


Airco Alloys and Carbide Division, Air Reduction Co. Inc.......... 
Chromium Mining and Smelting Corp. ..... 
Foote Mineral (o 


Interlake Inc occiso 
Ohio Ferro-Alloys Cord 


Shieldalloy Corp. .......................- 
Union Carbide Cord 


Refractory industry: 


A. P. Green Refractory Co 
The Babcock & Wilcox Coo 
Basic, Ill cia 
Corhart Refractories Co. Ine 


E. J. Lavino & Co. (Division of IMC)...... 
General Refractories Co 


H. K. Porter Co., Ine 
Harbison-Walker Refractories Co. (Div. of Dresser Industries, Inc.) 


Kaiser Aluminum & Chemical Corp......... 


North American Refractories Co... ........ 
Ohio Fire Brick Co. .................-..-- 


Chemical industry: 


Allied Chemical Cord 
Diamond Shamrock Cor 


Imperial Color & Chemical Department, Hercules, Ine... 
PPG Industries, Ine______ 


ite consumer in producing chromium al- 
loys, refractories, and chemicals. The prin- 
cipal producers of these products were as 
follows: 


Plant 


Calvert City, Ky. 
Niagara Falls, N.Y. 
Charleston, S.C. 
Woodstock, Tenn. 
Vancoram, Ohio 
Graham, W. Va. 
Beverly, Ohio. 
Brilliant, Ohio. 
Tacoma, Wash. 
Newfield, N.J. 
Niagara Falls, N.Y. 
Marietta, Ohio. 
Alloy, W. Va. 


Mexico, Mo. 
Augusta, Ga. 

Maple Grove, Ohio. 
Buckhannon, W. Va. 
Louisville, Ky. 
Newark, Calif. 
Plymouth Meeting, Pa. 
Baltimore, Md 

Lehi, Utah. 
Pascagoula, Miss. 
Hammond, Ind. 
Baltimore, Md. 
Moss Landing, Calif. 
Columbiana, Ohio. 
Womelsdorf, Pa. 
Jackson, Ohio. 


Baltimore, Md. 
Kearny, N 
Painsville, Ohio. 
Glens Falls, N.Y. 
Corpus Christi, Tex. 


CHROMIUM 
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CONSUMPTION AND USES 


Domestic consumption of 1,403,000 tons 
of chromite ore and concentrate containing 
about 429,000 tons of chromium was about 
the same as in 1969. Of the total chromite 
consumed, the metallurgical industry used 
65 percent, the refractory industry 20 per- 
cent, and the chemical industry 15 percent. 
The metallurgical industry consumed 
912,000 tons of chromite containing 300,000 
tons of chromium in producing 391,000 
tons of chromium alloys and chromium 
metal. About 70 percent of the metallurgi- 


cal-grade ore had a chromium-to-iron ratio 
of 3:1 and over; 17 percent had a ratio be- 
tween 2:1 and 3:1, and 13 percent had a 
ratio of less than 2:1. 

Producers of chromite-bearing refracto- 
ries consumed 278,000 tons of ore contain- 
ing 67,000 tons of chromium. The chemical 
industry consumed 213,000 tons of chromite 
containing 61,000 tons of chromium in pro- 
ducing 148,000 tons of chemicals SEH 
bichromate equivalent) . 


Table 3.—Consumption of chromite and tenor of ore used by primary consumer 
groups in the United States 


(Thousand short tons) 


Metallurgical Refractory Chemical Total 
industry industry industry 
Year 
Gross Average Gross Average Gross Average Gross Average 
weight Cr20;3 weight Cr203 weight Cr203 weight Cr203 
(percent) (percent) (percent) (percent) 

1966...........- 828 49.6 439 34.6 194 44.9 1,461 44.5 

1961. asss zs 866 49.7 310 34.0 179 45.2 1,355 45.5 

1968. ..........- 804 49.7 311 34.1 202 45.1 1,316 45.4 

1989 898 49.1 302 35.0 211 45.1 1,411 45.5 

T970 A 912 48.0 278 35.9 213 45.3 1,403 45.2 

Table 4.—Production, shipments, and stocks of chromium ferroalloys and 
chromium metal in 1970 
(Short tons) 
Production Producer 
Alloy Shipments stocks 
Gross Chromium Dec. 31 
weight content 

Low-carbon ferrochromiu mmm 104,071 73,146 100,822 9,281 
High-carbon ferrochromiu mmm 172,302 116,703 195,520 25,790 
Ferrochromium silicon. ooo oo 99,108 39,364 101,327 12,703 
CO hor A ß AA AN 15,504 12,238 15,562 2,505 
Total- iii da aa. 390,985 241,451 413,231 50,279 


1 Includes chromium briquets, chromium metal, exothermic chromium additives, and other miscellaneous 


chromium alloys. 
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Table 5.—U.S. consumption by end uses, and consumer stocks of chromium 
ferroalloys and metal in 1970 
(Short tons) 

Low- High- Ferro- 
End use carbon carbon chromium Other! Total 
ferro- ferro- silicon 
chromium chromium 
Steel: 
, v 1.934 5,356 W W 7,290 
Stainless and heat resist ing 114,956 63,367 49,996 3,463 231,782 
Alloy (excludes stainless and heat resist ing) 16,780 33,706 6,443 3,369 60,298 
TEE 1,955 259 W 2, 803 
r y 1.315 6,465 67 576 8,423 
SuperalloyB. a 10,977 1,218 745 1,942 14,882 
Alloys (excludes alloy steel and superalloys): 
Cutting and wear-resistant materials_______._.. W 867 — W 867 
Welding and alloy hard-facing rods and ma- 

JJ. 8 569 927 W 296 1,792 
Nonferrous alloy WwW N 883 883 
Other alloy8 22 1,196 62 158 1,416 

Miscellaneous and unspecified... ................. 4,421 4,923 1,241 2,959 12,944 

Total e UL LEE 152,787 117,746 58,751 13,646 342,880 
Chromium content 105,073 76,746 23,841 8,585 214, 195 
Consumer stocks, Dec. 31, 19700 12,648 12,206 8,567 5,454 33,875 


W Withheld to avoid disclosing individual company confidential data, included in “Miscellaneous and un- 


specified.” 
1 Includes chromium metal. 
* Includes magnetic alloys. 


STOCKS 


Yearend stocks of chromite in the three 
consuming industries were mixed compared 
with the start of the year. Ending a 3-year 
drop, chromite stocks in the metallurgical 
industry rose 31 percent as a higher level 
of imports and Government stockpile re- 
leases contributed to supply. Stocks in the 
refractory industry showed little change 
during the year, while stocks in the chemi- 
cal industry continued to decrease, drop- 
ping 22 percent. 

Producer stocks of chromium alloys in- 
creased more than 5,600 tons compared 
with 1969, but the increase was offset by a 
similar quantity in drawdown of consumer 
inventory. 


Stocks of chromium chemicals (sodium 
bichromate equivalent) at producer plants 
increased from 8,279 tons in 1969 to 11,176 
tons in 1970. 


Table 6.—Consumers’ stocks of chromite, 
Dec. 31 


(Thousand short tons) 


Industry 1966 1967 1968 1969 1970 
Metallurgical..... 463 459 396 r296 388 
Refractory....... 578 486 309 r301 310 
Chemical... ..... 265 252 207 143 111 

Total... . 1,306 1,197 912 r740 809 

r Revised. 


PRICES 


Published chromite ore prices were $5.50 
to $13.00 per long ton higher at yearend 
than during the year. Yearend prices re- 
flect delivery price for 1971 shipments. The 
metallurgical-grade chromite price advance 
continued the trend initiated in 1967 and 
reflects the continuation of United Nations 


economic sanctions on Southern Rhodesia, 
the limited available supply, and increased 
shipping costs. 

The price of South African (Transvaal) 
chromite was increased in April and again 
in October, owing to strong consumer de- 
mand and increased shipping charges. This 


CHROMIUM 


was the first substantial price movement in 
some years; throughout the 1960's the price 
ranged from $18 to $21 per long ton. 

GSA sold both metallurgical-grade and 
refractory-grade chromite by competitive 
sealed bids and received $49.61 and $28.10 
per short ton (equivalent to $54.57 and 
$30.91 per long ton), respectively. Chemi- 
cal-grade chromite was sold by negotiation 
during the year at prices ranging from 
$14.50 to $17.50 per short ton (equivalent 
to $15.95 to $19.25 per long ton). 

Chromium alloy prices continued to rise 
throughout the year with announcements 
made quarterly except for the second 
quarter. Selected chromium alloy prices 
published by Metals Week were as follows: 
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Cents per pound chromium 
Oct. 1, Jan. 12, Jan. 2, 


1969 1970 1971 

High-carbon 

ferrochromium........ 21.7 28.7 28.7 
Low-carbon ferro- 

chromium (0.025 

percent carbon) 28.6 31.5 39.5 
Charge chromium....... 18.0 20.0 25.0 
Blocking chromium 

(10-14 percent silicon). 20.6 22.6 27.6 


Cents per pound product 


Ferrochromium-silicon 


(40-43 percent grade) . 14.35 15.65 (!) 
Electrolytic chromium 

metal 101.0 101.0 115 
Aluminothermic 

chromium metal 99.0 99.0 115 


1 Pricing base changed to per pound chromium 
plus per pound silicon. 


Table 7.—Price quotations for various grades of foreign chromite in 1970 


Source Cr:0; Chromium- Price per long Price per ton 
(percent) iron ratio ton, Jan. 1! Dec. 31 12 
South Africa, Republic of (Transvaal )) BA A $19.00-$21.50 $25.00-$27.00 
RR EE 48 3:1 47.50— 48.50 55.00- 56.00 
O MEM P A A NA 48 4:1 50.00— 52.00 3 64.00 
USS ot a is 54-56 4:1 55.20- 59.20 3 70.00 
F A A 48 Al —— le 454.00— 55.00 


1 Dry basis, subiect to penalties if guarantees are not met, f.o.b. cars Atlantic ports. 


2 For 1971 delivery. 


3 Estimated. Actual quotations per metric ton f.o.b. loading point. 


4 F.o.b. Iranian ports. 
Source: Metals Week. 


FOREIGN TRADE 


Exports of chromite were approximately 
the same as in 1969, while reexports de- 
creased 51 percent and were the lowest 
since 1964. Canada received 88 percent and 
Mexico 12 percent of the  reexports. 
Chromite was exported to nine countries, 
with Canada, Mexico, and Japan account- 
ing for 90 percent of the total. 

Ferrochromium exports were 15 percent 
higher than in 1969, totaling 28,373 tons 
valued at over $8 million.. Of the 24 coun- 
tries receiving shipments, West Germany, 
the United Kingdom, and Canada were 
leading recipients, accounting for 80 per- 
cent of the total. 

Chromium and chromium alloys 
(wrought and unwrought) and waste and 
scrap exports totaled 225 tons valued at 
$400,000. Canada received 30 percent of 
the shipments, and the balance was well 
dispersed among 23 other countries. 

Exports of non-pigment-grade chromium 
chemicals totaled 1,031 tons valued at 
$517,561. Mexico, Canada, Hong Kong, and 


Australia were the principal recipients, al- 
though 30 countries received shipments. 
Exports of pigment-grade chromium chem- 
icals totaled 156 tons valued at $227,433. 
Of the 17 countries receiving shipments, 
Canada accounted for 60 percent, South 
Vietnam 15 percent, and Iran 12 percent. 

Exports of sodium chromate and bichro- 
mate totaled 4,890 tons valued at 
$1,224,438. Canada received 78 percent of 
the shipments. 

Imports of chromite increased signifi- 
cantly in 1970 compared with 1969 as ship- 
ments from the U.S.S.R. and Turkey in- 
creased. 47 and 50 percent, respectively. 
Both low-carbon and high-carbon ferro- 
chromium imports for consumption de- 
creased substantially compared with those 
of 1969. Low-carbon ferrochromium im- 
ports were the lowest since 1964. 

Imports of chromium-containing pig- 
ments were as follows: Chrome green, 164 
tons; chromium yellow, 5,319 tons; chro- 
mium oxide green, 1,034 tons; hydrated 
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chromium oxide green, 240 tons; molybde- At yearend, the fourth stage of tariff re- 
num orange, 95 tons; and zinc yellow, ductions became effective under the 1967 
1,353 tons. Total value of these products “Kennedy round" of tariff negotiations. 
was $3.9 million, 50 percent higher than in Import duties as of January 1971 are 
1969. Chrome yellow accounted for 64 per- shown in table 11. 
cent of total value, of which Japan sup- 
plied 87 percent. = 

Imports of sodium bichromate and di- 1 hos eer 5 
chromate totaled 3,606 tons valued at 


(Thousand short tons and thousand dollars) 
$655,245, a decrease of 44 percent com- 


pared with 1969. The Republic of South Year Exports Reexports 

Africa, Italy, Japan, and West Germany Quantity Value Quantity Value 
were the leading suppliers. Potassium chro- 1968. 18 $517 126 $5,361 
mate and dichromate imports totaled 80 1969. .. 49 1,915 150 5,806 
tons valued at $12,711. 1970. -.... 41 2,582 13 — 2,972 


Table 9.—U.S. imports for consumption of ferrochromium, by countries 
(Short tons and thousand dollars) 


Low-carbon ferrochromium High-carbon ferrochromium 
(less than 3 percent carbon) (3 percent or more carbon) 
Year and country Quantity Quantity 

Gross Chromium Value Gross Chromium Value 

weight content weight content 

1969 
Avis AAA Beebe See ee Oku 587 417 $80 
e 475 348 JJ! oe’ erect. tee 
Minland 36204 estou cee. A 8 2,254 1,303 289 
Germany, Wee r 3,113 r 2,374 r 901 1,924 1,285 336 
RA %«ͤ0V«j k ðͤ y 1. 102 716 179 
Japenese ee id 661 445 164 2,498 1,674 391 
Mozambique.......................- 560 380 Jö exec enses 
, 2224252225 xeu 8,044 2,118 788 r 883 630 169 
South Africa, Republic o... 19,794 12,192 4,973 r 8,992 r 4,823 r 933 
Sweden 3, 800 2, 865 Cõͤ ³¹· AA ͤ m Su ss 
Türkëy A ¾ r nme Ede U 4,947 3,456 1.219: tee, eee EN 
United Kingdom (2) (2) L cta Pisa ea 
Western Africa, n. e. r 2,256 1,514 hr ³·¹¹ y 
Western Portuguese Africa, pen... 539 366 ; A A AE 
!‚·ßðẽ r ² ñ= -- A 39, 189 26, 058 10, 067 18.240 10, 848 2, 327 
1970 
e e , , eceedese ONES 5,919 3,347 638 
e ioe ee oe ee 21. ^ AAA eee es 
Germany, Weste 2,579 1,910 922 4,458 3,037 902 
UOT A 88 310 210 71 347 23 73 
Mozambique ß ß Midas re 560 298 69 
a, rasa Re 3,387 2,362 1,081 489 352 121 
South Africa, Republic of. 19,735 11,658 4,517 560 322 71 
Sweden 2, 933 2,192 I/. uen ⁵,0ʃun 
/ ³ AA 28,972 18,353 7,746 12,333 7,592 1,874 
r Revised. 


1 Less than 1⁄ unit. 
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Table 11.—U.S. import duties 
Tariff 
classifi- Articles Rate of duty, Jan. 1, 1971 1 
cation 
CHROMIUM ORES AND METAL PRODUCTS 
601.15 Chromium ore.___.........-------------------------_---- ree. 
607.30 Ferrochromium, less than 3 percent carbon 5 percent ad valorem. 
607.31 Ferrochromium, over 3 percent carbon 0.625 cent per pound on chromium 
content. 
632.18 Unwrought chromium other than alloys; waste and scrap ?_...- 6 percent ad valorem. 
CHROMIUM CHEMICALS AND RELATED PRODUCTS 
420.08 Potassium chromate and diebhromgte 1.35 cents per pound. 
420.98 Sodium chromate and dichromate. ......................... 1.05 cents per pound. 
422.92 Chromium earbideuüw 7 percent ad valorem. 
CHROMIUM PIGMENTS 
473.10 Chrome green t ads 6 percent ad valorem. 
473.12 Chrome vellog Pũ UU ! „„ Do. 
473.14 Chromium oxide green... Do. 
478.16 Hydrated chromium oxide green..........................-- Do. 
473.18 olybdenum orangnedenedk̃. „ Do. 
473.19 Strontium chromate. 9 Do. 
473.20 Zinc yelloW ica df è ß yd y ʒ eo Do. 


1 Not applicable to Communist countries. 


2 Duty temporarily suspended on waste and scrap. 


WORLD REVIEW 


Albania.—Chromite production in Al- 
bania has increased steadily since the first 
production was recorded in 1938, rising to 
over 300,000 tons by 1963. Official produc- 
tion in 1968 was 428,000 tons. Most of the 
production was from near the Albanian- 
Yugoslovia border. A typical analysis of 
the chromite is 43 percent Cr,O,, 10 per- 
cent SiO,, 8 percent FeO, and 22 percent 
ALO, with a chromium to iron ratio of 
3-1. Historical exports through 1964 indi- 
cate most of the chromite was shipped to 
Communist-bloc nations, with an ever in- 
creasing quantity being exported to main- 
land China. In 1970, a trade agreement 
was reached with Yugoslavia for 94,000 
tons. 

India.—The total recoverable chromite 


reserves of India remain unknown; how- 
ever, during 1969, the Geological Survey of 
India completed a reassessment of portions 
of the minable reserves in Orissa and My- 
sore, the country’s leading chromite-pro- 
ducing States. Published findings represent 
an increase of about 1.82 million tons over 
earlier estimates. In Orissa proven ore 
reserves totaled 1.34 million tons and prob- 
able ore totaled 2.90 million tons, while in 
Mysore proven ore totaled 1.64 million 
tons and probable ore 1.33 million tons, 
for a combined total for the two States of 
7.22 million tons. 

Pakistan.—Although chromite produc- 
tion failed to reach the goal of 60,000 tons 
for the year, target goals for 1974-75 were 
established at 80,000 tons. 


Table 12. Chromite: World production, by countries 
(Short tons) 


Country ! 


77/Cö5[e adie 8 
Malagasy Republic. ...........................- Wi 
Pakistan id 
e, ß at sat 
Rhodesia, Southern 
South Africa, Republic ottJJ l. 


TOUS ¿z micas ² ˙i ꝗͥd de hts prn 


e Estimate. P Preliminary. r Revised. 


1968 1969 19'70 » 
sa ls r 18,775 17,379 30,442 
A d r 27,673 26,368 36,165 
tii 39,899 78,623 132,838 
— sees r 14,410 66,811 58,710 
3 r 226,700 249, 195 293, 000 
o 99,000 154,000 132,000 
„ r 30, 746 32, 829 12,007 
EAS nie. uiii asas p 88,000 155,000 
dida A 28,683 24,922 2 39,412 
ii r 483,441 517,765 634,730 
PP 420, 000 400, 000 400,000 
—— — 1,270,667 1,820,203 1,573,282 
FFC r 24,346 28,895 29,393 
TCC r 461, 653 500,342 3 526, 200 
. 1,820,000 1,874,000 1,929,000 
pd oa cee ee r 49,892 43,468 44,715 
— —ÁÓ— € r 5,443,885 5,895,800 6,526,894 


1 In addition to the countries listed, Bulgaria, Cuba, North Korea, and North Vietnam also produce chro- 
mite, but available information is inadequate to make reliable estimates of output levels. 


2 Exports. 
3 Based on crude ore 


roduction of 768,167 short tons. 


4 Output from U.S.S.R. in Asia included with U.S.S.R. in Europe. 


CHROMIUM 


Philippines. — Production of chromite 
increased 23 percent compared with that 
of 1969; 83 percent was classified as refrac- 
tory-grade and 17 percent as metallurgi- 
cal-grade chromite. Exports of refractory- 
grade chromite totaled 482,751 tons. The 
United States received 53 percent, the 
United Kingdom 16 percent, and Japan 11 
percent, and the balance was shipped to 
eight other countries. Japan received all of 
the 109,000 tons of metallurgical-grade 
chromite exported. 

In 1969 Acoje Mining Co., Inc., the 
sole metallurgical-grade chromite producer, 
mined 307,710 tons of crude ore, processed 
307,209 tons, and recovered 127,534 tons of 
concentrate. Shipments of chromite concen- 
trate totaled 142,220 tons. Mine develop- 
ment and exploration work continued, and 
at yearend the ore reserve exceeded 2 mil- 
lion tons. 


Also in 1969, Consolidated Mines, Inc., a 
refractory-grade chromite producer, mined 
and processed 278,488 tons of chromite 
from the Coto area, from which 11,766 
tons of lump ore was recovered. A fines 
plant recovered 101,185 tons of plus 10- 
mesh, 159,537 tons of minus 10-mesh, and 
7,888 tons of minus 65-mesh chromite con- 
centrate. A total of 262,117 tons of refrac- 
tory-grade chromite products mined from 
the Coto area were sold. Operations of the 
Zambales Mineral Reservation included 
mining and processing of 236,747 tons of 
ore in producing 73,512 tons of lump ore 
and 15,048 tons of plus 10-mesh, 32,954 
tons of minus 10-mesh, and 6,004 tons of 
minus 65-mesh chromite concentrates. Sales 
of Zambales chromite products totaled 
140,606 tons. Chromite ore reserves at the 
beginning of 1970 totaled 8.5 million tons 
in the combined Coto and Zambales ore 
bodies. Exploration and development pro- 
grams were continued, as was acquisition of 
adjoining properties in an effort to increase 
the ore reserve. 


Romania.—Airco Alloys and Carbide Di- 
vision, Air Reduction Co. Inc., signed a 
contract to sell 61,000 tons of ferroalloys, 
including low-carbon ferrochromium, to 
Metalimport, the Romanian state trading 
organization. Deliveries call for 7,000 tons 
in 1970 and 54,000 tons over a 4-year pe- 
riod beginning in 1971. 

South Africa, Republic of.—South Afri- 
can chromite production increased 19 per- 
cent compared with that of 1969, reaching 
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a record high of over 1.6 million tons. Of 
the total, 364,000 tons was sold locally and 
1,079,000 tons was exported. 

Rand Mines Ltd. (RM), through its 
various subsidiaries, continued to be a 
leading chromite producer as sales ex- 
ceeded 300,000 tons. Although most of the 
chromite was exported unconverted, a con- 
siderable tonnage was utilized by Middle- 
burgh Steel and Alloy (Pty.) Ltd. (MSA). 
MSA was formed in 1968 and acquired the 
entire capital of RMB Alloys (Pty.) Ltd. 
and The Southern Cross Steel Co. (Pty.) 
Ltd. (SCSC). In 1969 Palimet Chrome 
Corp. (Pty.) Ltd. (PCC) was added to the 
group. In 1970, PCC produced 15,000 tons 
of chromium contained in low-carbon fer- 
rochromium and 4,000 tons of chromium 
contained in charge chromium. SCSC pro- 
duced 29,000 tons of chromium. Output of 
ferrochromium by both subsidiaries of 
MSA totaled 78,500 tons. Both PCC and 
SCSC installed additional furnace capacity 
during 1970; SCSC planned to construct a 
24-kilovolt-ampere furnace for production 
of charge chromium, with startup sched- 
uled for 1972. 

Zeerust Chrome Mines Ltd. (ZCM) 
planned to install additional mining and 
milling equipment to raise production by 
300 percent over the next 5 years. ZCM, a 
subsidiary of Associated Ore & Metal Cor- 
poration Limited, formerly exported the 
bulk of its production as concentrate. Be- 
ginning in 1971, Feroalloys, Ltd., a subsidi- 
ary of Associated Manganese Mines of 
South Africa Ltd., will start producing fer- 
rochromium at a new plant at Mochada- 
dorp. ZCM will furnish the chromium ore 
requirements. 

Turkey.—The Andizlik-Zimparalik area 
in southwest Turkey produces about 85,000 
tons of metallurgical-grade chromite an- 
nually. A geological study was conducted 
which provided structural, petrographic, 
and chemical evidence bearing on the ori- 
gin of the chromite ores of the area.2 

Negotiations were carried out between 
Etibank and Nippon Heavy Chemical In- 
dustries through Mitsubishi Shoji Kaishi, 
Ltd. for three electric furnaces and techni- 
cal guidance in setting up a 50,000-ton- 
per-year ferrochromium plant in Turkey. 


2 Engin, T., and D. M. Hirst. The Alpine 
Chrome Ores of the Andizlik-Zimparalik area, 
Fethiye, Southwest Turkey. Inst. Min. and Met. 
Trans., Sec. B (London), v. 79, No. 759, Febru- 
ary 1970, pp. B16-B29. 
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TECHNOLOGY 


Results of beneficiation tests on low- 
grade chromite from the Baramya district 
in Egypt indicate that chromite containing 
36 to 38 percent Cr,O, with chromium-to- 
iron ratios of 1.3 to 1.9 can be upgraded 
to 47 to 55 percent Cr,O, and chromium- 
to-iron ratios of 2.5 to 3.5 by tabling and 
magnetic separation.3 The investigation 
studied upgrading effects of feed rate, 
water flow, motor speed, stroke length, and 
particle sizes during tabling tests and up- 
grading effects of feed rate, magnetic field 
strength, and particle size during magnetic 
separation studies. 


The use of chromium ore briquets in 
the manufacture of ferrochromium-silicon 
was described at the 28th annual American 
Institute of Mining Engineers (AIME) 
Electric Steel Furnace Conference held in 
Pittsburgh, Pa. Owing to limited availabil- 
ity of high-quality metallurgical-grade 
lumpy chromite ores, Globe Metallurgical 
Division of Interlake Inc. conducted labo- 
ratory and plant-scale tests using chro- 
mium ore briquets as a replacement for 
natural lump ore. Although improvement 
in furnace productivity was noted, it was 
concluded that the use of chromite briquets 
as a replacement for regular ore was nei- 
ther superior nor inferior, but fulfilled the 
goal desired. 


Owing to the high price of tin, consider- 
able research and development have been 
undertaken in recent years On processes to 
produce a tin-free steel coating for con- 
tainer use, particularly for beer and car- 
bonated beverage usage. Since late in 1966, 
National Steel Corp. has employed a modi- 
fied Japanese process in producing a 
chromium-plated steel suitable for these 
applications. Equipment, design, and con- 
struction materials were described. Since 
initial startup, numerous changes have 
been made in operations which have im- 
proved the economics of the process. Coat- 
ing weight was reduced 40 percent; plating 
solution temperature was reduced 10° F to 
110° F; posttreatment solution temperature 
was reduced 20° F to 120° F; efficiency of 
the plating operation was increased 26 per- 
cent; and plating solution concentration 


was reduced from 280 to 150 grams per 
liter. 

A chromium-plated gold color was added 
to the family of chromium-plated colors of 
black, sky blue, gun metal gray, and blue 
gray, by the Corrilium Corp. (CC). CC 
holds patents for five color processes which 
have been described as a major break- 
through in the science of electroplating. 
The process was described as electrolytic 
chromium plating over other metals in 
which the chromium metal appears in one 
of the characteristic colors of the metal it- 
self. "The colors are not obtained by plac- 
ing a dye in the electrolytic bath, nor by 
dipping the plated article. 

Some correlations between the loss of ap- 
pearance and the nature of the underlying 
metal systems for decorative chromium 
plating were described.5 

A new type of refractory grain was de- 
veloped by prereacting high-purity magne- 
sium oxide and low-silica chromium ore 
concentrate for use in manufacture of 
high-performance refractory brick. The mi- 
crostructure and physical properties of the 
new material were described and compared 
with those of other magnesia-chromium- 
type refractories.6 

Patent activity concerned upgrading 
chromite by acid leaching, production of 
sodium chromate, and production of chro- 
mium chloride.? 


3 Yousef, A. A., T. R. Boulous, G. A. Kolta, 
and O. Abdel Aal. Concentration of Low-Grade 
Chromite Ores for Metallurgical and Chemical 
Purposes. J. Mines, Metals and Fuels (Calcutta), 
January 1970, pp. 12-18. 

1 Allen, James E. Tin Line Conversion to 
Chrome. Iron and Steel Eng., v. 47, No. 5, May 
1970, pp. 88-92. 

5 Kubach, G. Corrosion Problems in Decorative 
Chromium Plating. J. Electrochem. Soc., v. 117, 
No. 7, July 1970, pp. 965-975. 

6 Neely, J. E., W. H. Boyer, and C. A. Marti- 
nek, Jr. Sintered Magnesia-Chrome Grains For 
New Type of Refractories. Am. Ceramic Soc. 
Bull., v. 49, No. 8, August 1970, pp. 710-713. 

7 Bruner, H. K. (assigned to Foote Mineral 
Co.). Beneficiation of Chromium Ore to Reduce 
age Content. U.S. Pat. 3,508,906, Apr. 28, 


Schafer, H. (assigned to Farbenfabriken Bayer 
A.G.). Alkali Treatment of Chromium Ores. U.S. 
Pat. 3,510,256, Mav 5, 1970. 

Uno, T., and H. Kiyata (assigned to Kiyoshi 
Miyozaki). Process For Producing Chlorides of 
Chromium and Iron From Chrome Ore. U 
Pat. 3,527,561, Sept. 8, 1970. 


Clays 


By Samuel A. Gustavson 1 


In 1970 clays in one or more of the cus- 
tomary classification categories (kaolin, ball 
clay, fire clay, bentonite, fuller's earth, or 
common clay and shale) were produced 
commercially in 48 States and Puerto Rico; 
no significant production of clays was re- 
corded in Alaska, the District of Columbia, 
or Rhode Island. Leading in quantity of 
output were Georgia, 5.7 million tons; 
Texas, 4.1 million; and Ohio, 3.9 million; 
followed in order by North Carolina, 
California, and Alabama. Georgia also 
led in total value of clays output with 
$110.1 million, and Wyoming was second 
with $18.8 million. Compared with 1969 
figures, production increased in 11 States 


in terms of tonnage and in 20 States in 
terms of total value. However, declines in 
tonnage and valuc were uotably in the 
majority. Although the total quantity of 
all clays sold or used by domestic produc- 
ers in 1970 was approximately 7 percent 
less in tonnage than in 1969, the corre- 
sponding total value figure increased by 1 
percent to an alltime high. Moderately 
higher per-ton values were reported for 
bentonite and fire clay, but the factor 
chiefly responsible for the 1970 overall in- 
crease was the sharply higher unit value of 
the kaolin output, which was 9 percent 
above the figure for 1969. 


Table 1.—Salient clay and clay products statistics in the United States 
(Thousand short tons and thousand dollars) 


a 
Clay refractories, shipments (value 
Clay construction products, shipments (value) 


1966 1967 1968 1969 1970 
56,713 54,664 57 ,348 58,694 54 , 853 
$221,714 $223,987 $246,938 $264,415 $267,912 
1,074 1,149 „519 1,574 i 
$31,135 $32,432 $44,134 $45,767 $66,116 
1 10 97 82 87 
$2 , 883 $2,235 $1,951 $1,750 $1,802 
$243,516 $225,116 $229,660 3257,507 $256,884 
$554,667 $538,110 $590,776 $608,982 $548,528 


DOMESTIC PRODUCTION, PRICES, AND FOREIGN TRADE, 
BY TYPE OF CLAY 


` 


KAOLIN 


Kaolin produced from domestic sources 
in 1970 increased 4 percent in quantity 
over that of 1969 and total value, as re- 
ported by producers, increased 14 percent. 
The larger increase in value was due to 
some companies reporting a higher unit 
value for their product and because a 
large portion of the production increase 
was in the higher value kaolin used for 
paper filler and coating. Kaolin production 
was reported from mines in 11 States. Out- 
put in 1970 from Alabama, Arkansas, Flor- 
ida, Georgia, Idaho, Pennsylvania, and 


Texas was greater than in the previous 
year, more than offsetting declines in pro- 
duction from California, North Carolina, 
South Carolina, and Utah. Mines in Geor- 
gia accounted for 76 percent of the domes- 
tic production. South Carolina ranked sec- 
ond with about 11 percent, and was 
followed in order by Alabama and Arkan- 
sas. 

There were no changes in prices quoted 
for kaolin in trade journals during 1970. 
Oil, Paint and Drug Reporter, December 
28, 1970, quoted kaolin prices as follows: 


1 Former physical science administrator, Division 
of Nonmetallic Minerals (retired). 
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Water EN calcined, bulk car- rdi Exports of kaolin, as reported by the 
e Kart period 550.0 U.S. Department of Commerce, amounted 
Paper-grade, uncalcined, same basis, to 816,284 short tons, a 71 percent increase 
per ton: r à 
NO. 3 :CORUDE: 1 cocti eie 38.00-38.50 Over that of 1969. Technical advances in 
W F aN 0 8 processing, new production capacity, and 
Filler, general m same basis, per I cost reductions gave domestic producers a 
RE e 17.50-18.00 more competitive position in the world 
cined, paint-grade, 1-micron average, market. These factors, along with the com- 
s ie core Pu 62.00 bination of a dock strike and adverse 


AA AS 12.50 weather conditions in the United King- 
dom, normally a major world supplier of 


pound. AA ERA 0.06-.75 kaolin (china clay), all contributed to the 
Weer? de e 1 0.16 50 exceptional increase in U.S. kaolin exports. 
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Figure I.— Kaolin sold or used by domestic producers for specified 
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The exported material went to destinations 
in 53 countries, among which the Nether- 
lands, Canada, Italy, Japan, and West Ger- 
many, in order of rank, were the principal 
countries of destination. Collectively, they 
accounted for 81 percent of the exports 
and 84 percent of the overall increase from 
1969, even though exports to Canada de- 
clined slightly. Exports to West Germany 
and to the Netherlands were four times 
those of 1969. Exports to France, Japan, 
and Italy increased 81 percent, 70 percent, 
and 56 percent, respectively, over those of 
the previous year. Reports also indicated 
that exports to 19 other countries more 
than doubled. 

Although kaolin imports have been de- 
clining for a number of years, imports in 
1970 amounted to 65,335 short tons, valued 
at $1,246,155, about the same as in 1969. 
The United Kingdom supplied 91 percent; 
West Germany, 6 percent; Canada, 3 per- 
cent; and Japan, the Republic of South 
Africa, and Australia together supplied 
about 0.1 percent. 


BALL CLAY 


Production and value reported for do- 
mestically mined ball clay in 1970 indicate 
an increase of 4 percent over that of 1969. 
Most of this increase represents a change 
in classification of production by one oper- 
ation in Texas from miscellaneous clay in 
1969, to ball clay in 1970. California out- 
put also increased in tonnage (12 percent) 
and value (8 percent), but all other pro- 
ducing States recorded declines. Tennessee 
mines provided 58 percent of the Nation's 
output, followed in order of output by 
Kentucky, Texas, Mississippi, Maryland, 
and California. 

Oil, Paint and Drug Reporter, December 
28, 1970, listed ball clay prices as follows: 


Domestic, airfloated, bags, carload 
lots, Tennessee, per ton 


$18.00-22.00 
Domestic, crushed, moisture-repel- 


CCC A acc 8.00-11.25 
Imported, airfloated, bags, carload 

lots, Atlantic ports, per ton 49.50-50.75 
Imported, lump, bulk, Atlantic ports, 

PTT ela 31.50-37.50 


Ball clay exports in 1970 amounted to 
21,914 short tons, valued at $613,000. 
These figures are not comparable with 
those for 1969 and previous years when 
ball clay export data were not reported as 
a separate item. In 1970, clay exports in 
the “not elsewhere classified” category 
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amounted to about 538,000 short tons, val- 
ued at $20.6 million, compared with 
395,000 tons and $15.3 million in 1969. 

U.S. imports of common blue clay or 
ball clay, beneficiated and unbeneficiated, 
totaled 17,318 short tons, valued at 
$287,000 in 1970, an increase of 35 and 26 
percent, respectively, over that of 1969 and 
reversing the decline of about 25 percent 
from 1968 to 1969. 


FIRE CLAY 


Fire clay and stoneware clay sold or used 
by domestic producers in 1970 declined 11 
and 9 percent in tonnage and value, re- 
spectively, from that of 1969. This decrease 
reflects a continuation of an industry trend 
from the conventional refractories based on 
fire clay to more custom-designed refracto- 
ries using higher alumina clays or other 
refractory materials. 

Fire clay production was reported in 
1970 from mines in 23 States. The first five 
States in rank—Ohio, Pennsylvania, Mis- 
souri, California, and Alabama—accounted 
for 75 percent of the total domestic out- 
put. Among the 10 leading States, Califor- 
nia and West Virginia had slight gains in 
output, Pennsylvania was unchanged, and 
the seven other States recorded decreases. 

Exports of fire clay in 1970 totaled 
167,000 tons, valued at $3.5 million, com- 
pared with 163,000 tons and $2.6 million 
in 1969. Countries of destination totaled 
45. Canada was the leading recipient (51 
percent), followed by Mexico (37 per- 
cent), Japan (4 percent), and all other 
nations (8 percent). No imports of fire 
clay were reported. 

There are no price quotations in domes- 
tic journals for fire clay. 


BENTONITE 


Bentonite production in 1970, although 
down about 4 percent in tonnage and 2 
percent in total value from the 1969 fig- 
ures, was still greater than in any other 
previous year. A business decline in the first 
half of 1970 and a lower level of domestic 
exploration for oil and gas were the prin- 
cipal factors effecting the decline. Also, 
producers reported lower sales for most 
other uses. The 14-percent increase in sales 
for use in pelletizing iron ore and concen- 
trates was a notable exception. 

Bentonite production was reported by 
operators in 13 States in 1970, compared 


thousand short tons 


BENTONITE, 
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with 15 in 1969. Lower output was reported 
from all producing States except Montana 
and Oregon. The sodium, high-swelling 
bentonite is produced chiefly in Wyoming, 
Montana, and South Dakota. The calcium, 
low-swelling bentonite is the product of 
the other States. During 1970, Federal Ore 
and Mineral Corp. and Youghioheny & 
Ohio Coal Co. formed the Federal Benton- 
ite Co., which took over the Wyoming Oil 
Co., Inc. Additional air pollution control 
equipment was being installed by Dresser 
Industrial Minerals Division and by Wyo- 
Ben Products, Inc., at their bentonite 
plants near Greybull. 

Oil, Paint and Drug Reporter, December 
28, 1970, quoted bentonite prices as fol- 
lows: Domestic, 200 mesh, bags, carload 
lots, f.o.b. mines, $14.00-$14.40 per ton; 
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and imported Italian, white, high-gel, bags, 
5-ton lots, ex-warehouse, $116.60 per ton. 
Quotations in the December 29, 1969, issue 
were $14 and $91 respectively. The average 
unit value reported by producers of do- 
mestic bentonite sold or used in 1970 was 
$10.07, a slight increase from the $9.82 av- 
erage in the previous year. Per-ton values 
reported in the various producing States 
ranged from $5 to $18, but as in 1969, the 
average value reported by the larger pro- 
ducers was near the Wyoming average 
figure of $9.83. 

Exports of bentonite in 1970 totaled 
about 496,000 tons, valued at $12.6 million. 
Tonnage exported was about 1 percent less 
than in 1969, but the dollar value was 9 
percent greater; unit value increased an 


average of $2.38 per ton. Countries of des- 
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Figure 2.—Bentonite sold or used by domestic producers for specified uses. 
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tination for exports of bentonite totaled 
77. 

Imports of bentonite, chiefly special-pur- 
pose material, were from Canada (60 tons) 
and Italy (123 tons). 


FULLER'S EARTH 


Production of fuller's earth in 1970 was 
nearly the same in quantity as in 1969, 
but total value was about 6 percent lower 
because some producers in Florida and 
Georgia assigned lower unit values to their 
output. Unit values reported by producers 
operating in other States were unchanged 
from 1969. 

Fuller's earth is defined as a nonplastic 
clay or claylike material, usually high in 
magnesia, which has adequate oil decolor- 
izing and purifying properties. 

Production from the region that takes in 
Attapulgus (Decatur County), Ga., and 
Quincy (Gadsden County), Fla., is pre- 
dominantly the mineral attapulgite. Most 
of the fuller's earth produced in other 
areas in these and other States is predomi- 
nantly montmorillonite. 


Declines in output were reported for 
Florida, Mississippi, Missouri, and Utah. 
Increases were reported for Georgia, Illi- 
nois, Tennessee, and Texas. 


Utilization of fuller’s earth for rotary- 
drilling mud decreased 27 percent, and 
minor declines in filtering, decolorizing, 
and clarifying, and miscellaneous other 
uses were slightly greater than increases 
recorded for absorbent and filler uses. 


Prices for fuller's earth were not pub- 
licly quoted in 1970, but the per-ton val- 
ues reported by producers ranged from $14 
to about $29. The average was $24.35, 
compared with $25.77 in 1969. 


Exports of fuller’s earth were the same in 
tonnage and value as in the previous year, 
but the countries of destination totaled 37, 
compared with 30 in 1969. Canada was 
again the principal recipient, but Cana- 
dian purchases in 1970 represented only 38 
percent of the total U.S. exports of fuller’s 
earth, compared with 46 percent in 1969. 
In contrast, exports to the United King- 
dom, the second ranking country of desti- 
nation, amounted to 27 percent of the 
1970 total, compared with 19 percent in 
1969. 


Fuller’s earth imports in 1970, all from 
the United Kingdom, totaled 66 short tons, 
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valued at $4,928, about the same as in 
1969. 


COMMON CLAY 


Common clay in the collective designa- 
tion applied in this report to the miscella- 
neous clay and shale materials of diverse 
types that are used in the manufacture of 
Structural clay products, portland and 
other cements, and lightweight aggregate. 
Other clays of various types that, either 
because of differing mineral content. or 
lack of identifying data, cannot be placed 
appropriately in one of the preceding cate- 
gories are also included in this classifica- 
tion. 


In 1970 the reported domestic produc- 
tion of common (or miscellaneous) clay 
totaled about 39.2 million short tons, val- 
ued at $57.7 million. Thus, common clays 
represented 72 percent of the quantity and 
22 percent of the value of all the clays 
and shales produced in the United States 
during the year. In addition, Puerto Rican 
production was reported at 428,885 short 
tons, valued at $486,285. Following the 
general business and construction decline 
in the first part of the year, output was 7 
percent less than in the previous year. 


Most of the common clays and shales are 
used by the producer in the fabrication of 
a product. Less than 4 percent of the out- 
put in 1970 was sold in the crude state, 
and the unit values reported by producers 
are, therefore, chiefly company estimates 
rather than values based on actual sales of 
crude clay. The average unit value for all 
common clay produced in the United 
States in 1970 was $1.47 per short ton, 
$0.02 less than in the previous year. The 
range in unit value reported for the bulk 
of the output was from $1 to $2 per ton. 


Exports of clays that were not separately 
classified as to type totaled about 538,000 
tons, valued at $20.6 million, compared 
with 395,000 tons and $15.3 million in 
1969. The totals represented a 36-percent 
increase in tonnage and a 35-percent in- 
crease in value. As in previous years, the 
high unit value ($38.33 per ton in 1970) is 
evidence that all of the material belonged 
to grades of a higher order than the com- 
mon clays normally produced for use in 
structural products. Most countries, fur- 
thermore, have deposits of local clays suit- 
able for manufacture of common brick and 
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Figure 3.—Fuller’s earth sold or used by domestic producers for specified uses. 


have no need to 


tile and cement and thus 
import such materials. 


with acid totaled 2,061 tons, valued at 
$162,534. The unit values of another na- 


tion’s shipments of clays n.ec. to the 


Imports of clays not elsewhere classified 
(n. e. c.), beneficiated and not beneficiated, 
totaled 1,577 tons with a value of $92,144, 
and imports of clays artifically activated 


United States ranged from about $50 to 


$140 per ton, evidence that these materials 


also belong to grades of a higher order. 
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CONSUMPTION AND USES 


Heavy Clay Products.—Manufacture of 
heavy clay products (building brick, drain 
tile, vitrified sewer pipe, and other struc- 
tural clay products), portland and ma- 
sonry cements, and lightweight aggregate 
consumed 99 percent of all the common 
(or miscellaneous) clays and shales pro- 
duced domestically in 1970, as well as 
smaller percentages of the outputs of fire 
clay, ball clay, kaolin, and bentonite. In 
summary, 76 percent by weight of all clays 
produced was consumed in the manufac- 
ture of these clay-based construction mate- 
rials. Every use classification of these prod- 
ucts recorded a decline from 1969, and the 
quantity of slate expanded for lightweight 
aggregate represented a comparable de- 
crease. Utilization of clays in heavy clay 
products decreased 8 percent; in portland 
and other cements, 9 percent; in light- 
weight aggregate, 2 percent; and in build- 
ing and structural products as a whole, 7 
percent, reflecting a general slowdown in 
the construction industry. 


Refractories.—Utilization of clays in re- 
fractories also recorded an overall decline 
of 6 percent in 1970. All classes of clays, 
with the exception of fuller's earth, were 
used for this purpose, accounting for more 
than half of the year's output of fire clay, 
17 percent of the kaolin, and minor ton- 
nages of bentonite, ball clay, and common 
clay and shale. The total tonnage used in 
refractories amounted to about 9 percent 
of that of all clays produced. 


There was an evident trend toward use 
of refractories custom-designed for specific 
needs and toward utilization of higher cost 
materials in their manufacture. Supporting 
this statement is the fact that kaolin, a 
relatively high-cost, high-alumina clay, was 
the only type of clay used in refractories 
that showed an increase over that of 1969. 


Filler.—All clays are used to some extent 
as fillers in one or more areas of use. In 
1970, consumption in this end-use classifi- 
cation increased about 3 percent over that 
of 1969. Utilization of high-unit-value clay 
products, chiefly kaolin for paper filling 
and coating, increased 6 percent, more 
than offsetting slight declines in other 
filler uses. Filler uses, in general, accounted 
for about 6 percent of the tonnage of all 
clays sold or used by producers during the 
year and about 28 percent of the corre- 


sponding total value (as determined from 
the average unit value for each type of 
clay used). Kaolin was the principal clay 
filler consumed in each major use division 
with the exception of insecticides, in which 
85 percent of the clay used was fuller's 
earth. Kaolin sold or used as paper filler or 
coating alone, using the reported average 
unit value of $23.57, amounted to about 
$60 million, or over 22 percent of the 
value of all clays produced. 


Absorbent Uses.—Absorbent uses for 
clays consumed about 1 percent of the 
production, representing about 6 percent 
of the total value in 1970. Demand in- 
creased about 12 percent. Clays used were 
fuller's earth, bentonite, and clays not clas- 
sified by the producer. Substantially more 
than half of the fuller's earth produced 
was used as absorbent. Animal litter and 
floor-sweeping compound were made al- 
most exclusively from fuller's earth. 


Drilling Mud.—Demand for clay for ro- 
tary-drilling mud declined about 13 per- 
cent in 1970. Swelling-type bentonite is the 
principal clay used in drilling-mud mixes, 
although fuller's earth or nonswelling ben- 
tonite is also used in some cases to obtain 
a desired physical property or to reduce 
the need for the higher cost swelling ben- 
tonite. Since swelling bentonite deposits 
are principally located in Wyoming, Mon- 
tana, and South Dakota, freight costs for 
shipping bentonite to the drilling site are 
frequently much more than the purchase 
price. For this reason, there is continuing 
search for other deposits and also for 
methods to economically refine or process 
suitable substitutes. 


Floor and Wall Tile.—Clays used in the 
manufacture of floor and wall tile are 
principally of the kaolinic type, fire clay, 
ball clay, common (or miscellaneous) clay, 
and kaolin, in order of demand. Demand 
increased approximately one-sixth from 
that of 1969. 


Pelletizing Iron Ore.—Bentonite is used 
as a binder in forming strong pellets of 
iron ore and of some other mineral mate- 
rials. Demand, following a general trend 
for several years, increased about 14 per- 
cent in 1970. Of the total bentonite pro- 
duced, about 35 percent, nearly all rated 
as swelling bentonite, was consumed for 
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this purpose. Demand is worldwide, and 
the U.S. deposits are currently the princi- 
pal source. 

Pottery.—Pottery, whiteware, and related 
products utilize kaolinic clays, especially 
those clays that have excellent plastic 
properties and usually are classed as ball 
clays. Total demand for all types of clays 
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decreased about 13 percent in 1970, but 
consumption of kaolin in pottery and stone- 
ware was slightly higher than in 1969. 

Filtering.—Consumption of clay, princi- 
pally bentonite and fuller's earth, for the 
filtering, decolorizing, and clarifying of oils 
and greases was about 17 percent less than 
in 1969. 


WORLD REVIEW 


Australia.—Production of refractory brick 
from local raw materials was started at 
a new $4 million manufacturing plant 
at Port Kembla, New South Wales, the sec- 
ond such facility built in that area by Kai- 
ser Refractories Division of Kaiser Alumi- 
num & Chemical Corp. of Oakland, Calif. 
Although construction of the new factory 
was chiefly in response to rapid growth in 
demand for refractories by Australia's do- 
mestic minerals-processing industry, plans 
include eventual expansion to sustain a 
substantial volume of export trade 
throughout the western Pacific region. 

Greece.—Bentonite and kaolin are im- 
portant items in this nation's export trade. 
Shipments of these two types of clays in 
1968, the last full year reported, totaled 
about 175,000 tons, valued at nearly $2 mil- 
lion, and went to destinations in at least 
10 countries. 

New Zealand.—An outstanding advan- 
tage that warrants a bright future for New 
Zealand's newly launched steel industry is 
the close-by availability of an ample sup- 
ply of the essential raw materials. Immense 
resources of ironsand occur within 12 miles 
of the recently completed Glenbrook smelt- 
ing complex, there are adequate deposits 
of coal and limestone within 120 miles, 
and even high-quality bentonite suitable 
for iron ore pelletizing is found in abund- 
ance within easy shipping distance at Coal- 
gate. To date, approximately $500,000 has 
been spent in developing this deposit of 
special-purpose clay, and a processing 
plant has been constructed that will pro- 
vide 25,000 tons per year of pelletizing 
bentonite for consumption at Glenbrook 
and for export, particularly for the steel 
mills of Australia and Japan. 

Poland.—Polish metallurgists have devel- 
oped two separate processes for the extrac- 
tion of alumina from clays. A plant with 
an annual capacity of 330,000 tons that is 
being constructed between Glogov and 


Lobin will apply an acid method for the 
treatment of unspecified clays, and a 100,- 
000-ton-per-year plant under construction 
near Kielce will make use of a sintering- 
leaching process to produce alumina and 
cement simultaneously from a mill feed 
consisting of coal schists and aluminous 
marl.? 

Spain.—In Catalonia, a modern brick- 
making plant recently inaugurated in the 
city of Igualada, about 35 miles from Bar- 
celona, has now been in operation long 
enough to provide a striking contrast to 
the results obtained at an adjacent older 
facility that is still in production. Details 
of the equipment and procedures in use at 
the new installation, as well as the im- 
proved performance that they make possi- 
ble, were discussed briefly in an industrial 
journal.3 

Sweden.—Expanded aggregates produced 
from clays are being field tested as road- 
building material by the Swedish State 
Board Institute and the city of Avesta 
(northwest of Stockholm). Experimental 
Stretches of highway that incorporate beds 
of expanded material in an asphalt bond 
and surfaced with conventional black top 
have been built over terrain that is subject 
to severe frost-thaw disturbance. Prelimi- 
nary studies have indicated that under 
varying burdens of actual traffic this type 
of construction provides a smooth-riding 
surface with a superior rating for stability. 

United Kingdom.—Plans for the disposal 
by pipeline out-to-sea of slurried process- 
ing residues from china clay operations in 
Cornwall have generated much discussion 
and acrimony. This proposed solution to a 
long-standing problem is being bitterly op- 
posed by the people of the village of Gor- 
ran Haven, in the path of the projected 


2 Metals Week. Aluminum. V. 41, No. 18, May 
4, 1970, p. 6. 

3 Svec, J. J. Ceramic Casanovas Produces 150/T 
Tile With 21 Men. Brick & Clay Record, v. 156, 
No. 2, February 1970, p. 36. 
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pipeline, and by the fishermen who cus- 
tomarily draw their livelihood from the 
adjacent coastal waters that may be af- 
fected. 

Fuller's earth is produced at present 
from deposits in Surrey, Somerset, and 
Bedfordshire at a rate of about 125,000 
tons per year. A potentially valuable addi- 
tion to the United Kingdom' known re- 
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sources of this useful clay material resulted 
from a routine mapping program being 
conducted by the Institute of Geological 
Sciences in Berkshire. Engineers of the In- 
stitute reported the discovery of “impor- 
tant new deposits of fuller's earth at shal- 
low depths,” and exploration is being 
carried out by drilling to explore and de- 
lineate the extent of the mineral body. 


TECHNOLOGY 


An industrial journal, continuing an an- 
nual feature, published an informative list- 
ing of ceramics-oriented research projects 
that are in progress throughout the United 
States. More than 1,300 studies were cata- 
loged by project titles and by names of the 
organizations and personnel involved. 


The Bureau of Mines classifies six indi- 
vidual mineral materials as distinct types 
of clays. For three members of that group, 
kaolin, bentonite, and fuller's earth, pro- 
duction figures recorded during the last 20 
years indicate growth rates significantly 
greater than that of the national economy, 
ball clay also promises to move into the 
high-growth class in the seventies. Á ra- 
tionale for the notable prosperity of these 
special-purpose clays, based on a techno- 
logical: analysis of the applications in 
which they serve, was delineated, together 
with some projections of clays end-use pat- 
terns in the future, in a paper presented 
at the 1970 annual meeting of a profes- 
sional society.5 


Production of metallurgical-grade alu- 
mina from unconventional starting mate- 
rials such as kaolin or other specified 
aluminous substances is the objective of a 
process for which a patent was issued. 
This method differs from others proposed 
for a similar purpose in that the raw min- 
eral (kaolin, for example) is “opened up” 
by being heated and then dissolved in a 
fused mixture of calcium fluoride and cal- 
cium or sodium chloride, a step that is 
said to accomplish a selective solubilization 
of the ore’s alumina content.6 The increas- 
ingly earnest consideration being given to 
new technologies for providing an impor- 
tant share of future aluminum-smelter 
feeds was exemplified by the announce- 
ment that Reynolds Metals Co., second 
largest domestic aluminum producer, has 
purchased patent rights and accessory pro- 


cedural information pertaining to a num- 
ber of processes developed by Allied 
Chemical Corp. for the production of alu- 
mina from clay.? 


The modern machinery, with its sophis- 
ticated central-control system, and the in- 
novative operating procedures that make it 
possible for one plant to produce more 
than 6 million tons per year of bentonite- 
bonded taconite pellets for steelmaking 
were described in an industrial journal. 
Consumption of bentonite at this Minne- 
sota facility is currently at the rate of 
about 200 tons per 24 hours.8 A magazine 
article provided a detailed account of the 
up-to-date automated equipment and novel 
handling methods in use in the $1.5 mil- 
lion bentonite-processing plant recently 
placed in operation by International Min- 
erals & Chemical Corp. (IMC) in 
Mississippi.9 

The year 1970 was fruitful in significant 
studies dealing with the theoretical and 
practical aspects of the manufacture and 
utilization of refractories, those extraordi- 
narily versatile mineral materials that 
make it possible to produce and control vi- 
olent extremes of temperature and thus 
force them to serve the needs of mankind. 
Two journal articles relating to refractories 
technology were especially deserving of 


Ceramic Bulletin. Current Ceramic Research. 
V. 49, No. 2, February 1970, pp. 231-242, 245-250, 
252-260, 263-264. 

5 Cooper, James D. The Demand Picture for 
High Quality Clays. Paper Presented at the An- 
nual Meeting of AIME, Denver, Colo., February 
1970, Preprint No. 70-H-100. 

6 Slatin, H. L. (assigned to Timax Associates.) 
Alumina From Low-Grade Aluminiferous Ores and 
Minerals. U.S. Pat. 3,489,514, Jan. 13, 1970. 

7 Oil, Paint and Drug Reporter. Alumina From 
Clays: Reynolds, Allied Deal. V. 198, No. 3, July 
20, 1970, pp. 4, 50. 

s Erickson, Donald V. Minntac Story—Agglomer- 
ation. Skillings’ Min. Rev., v. 59. No. 17, Apr. 
25, 1970, pp. 1, 12-14. 

9? Pit & Quarry. IMC's Aberdeen Plant on 
Stream. V. 63, No. 2, August 1970, pp. 110-115. 
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mention.10 A sound and color film, Fahr- 
enheit 3300," made available for free loan 
by the Bureau of Mines and sponsored by 
Kaiser Refractories Division of Kaiser Alu- 
minum £ Chemical Corp. presented a sur- 
vey of the technology of up-to-date refrac- 
tories practice, emphasing the indispensable 
role of refractories somewhere in the course 
of the production of almost everything that 
is bought and sold, used and consumed, in 
virtually every phase of modern living.11 
The Bureau of Mines issued a publication 
on the rapidly evolving technology and 
utilization of all types of refractories in 
modern ` high-temperature processing of 
metallic and nonmetallic materials.12. 

By making a change in which part of 
the crushing equipment does double duty, 
a Massachusetts lightweight-aggregate pro- 
ducer increased plant capacity by approxi- 
mately one-half. An article in a trade mag- 
azine reported details of this original 
bottleneck bypass and details of other 
efficiency-promoting practices. The applica- 
tion of the new practices enabled this Mas- 
sachusetts facility to turn out expanded 
clay aggregate in excess of 900 tons per 
day with a work force, including sales 
and management personnel, of only 27 
employees.13 The largest Dwight-Lloyd, 
traveling-grate sintering unit ever built for 
the purpose of expanding clays to make 
lightweight aggregate has been placed in 
service at a site about midway between 
Grand Haven and Grand Rapids, Mich. 
This giant machine, with a processing 
grate 8 feet wide and 108 feet long, gives 
the plant a rated capacity of 1,200 tons 
per day of finished product. Details of the 
operation of this out-sized facility and of 
the testing program that led up to its con- 
struction were discussed in a magazine 
article.14 

Different starting materials for the man- 
ufacture of lightweight aggregate differ 
markedly in their burning characteristics 
and present no less variability in the 
dust-collection problems to which their 
treatment gives rise. Some of the difficul- 
ties that have been encountered in practice 
and some of the ideas that have been suc- 
cessful in coping with them were described 
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in an article.15 Cosponsored by the Bureau 
of Mines, a Mineral Waste Utilization 
Symposium was held March 18-19, 1970, at 
the Illinois Institute of Technology Re- 
search Institute (IITRI), in Chicago. Po- 
tentially profitable applications proposed 
for burdensome and otherwise useless 
coal-mine gangue, metallurgical slags, phos- 
phate rock residues, powerplant fly ash, 
and kaolin-processing wastes included utili- 
zation as soil conditioners, cement addi- 
tives, and components in rotary-drilling 
mud mixtures or as semiprocessed mate- 
rials for the manufacture of refractories, 
ceramics, glass, and a range of building 
materials, especially lightweight aggregate. 
A general review of this symposium was 
published in an industrial magazine.16 An- 
other journal article contained a further 
account of .current technology that is 
changing fly ash from the status of a costly 
nuisance to that of an increasingly valua- 
ble source of revenue as a useful manufac- 
turing intermediate. Consumption in the 
making of lightweight aggregate is the 
only end use known at present that is po- 
tentially capable of keeping abreast of fly- 
ash production in the United States.17 


19 Jeffers, P. E. Refractories Blast-Off for the 70's 


Brick 8 Clay Record, v. 156, No. 1, January 1970, 
pp. 33-37 and 40-44. 

Spieckerman, J. A. Trends and Developments in 
Refractories. Minerals Processing, v. 11, No. 3, 
March 1970, pp. 11-13. 

11 Prospective borrowers, who must have avail- 
able a 16-millimeter projector and an experienced 
operator, should address applications for short- 
time loans as follows: 

Motion Pictures 

Bureau of Mines 

U.S. Department of the Interior 
4800 Forbes Avenue 
Pittsburgh, Pa. 15213 

12 Kusler, David J., and Robert G. Clarke. Im- 
pact of Changing Technology on Refractories 
Consumption. BuMines Inf. Circ. 8494, 1970, 68 


pp. | 

13 Svec, J. J. Masslite Streamlines Operations to 
Save Labor. Brick & Clay Record, v. 156, No. 2, 
February 1970, pp. 33-35. 

H Milas, James E. Sintering Machine E 
Clay at 50-TPH Rate. Rock Products, v. 73, 

6, June 1970, pp. 48-51, 96. 

15 McElrath, A., Jr. High- Efficiency Dust Collect- 
ing for Lightweight Aggregate Production. Rock 
Products, v. 73, No. 6, pp. 56-59. 

15 Stearn, Enid W. Solid Mineral Wastes—Blight 
or Bonanza? Rock Products, v. 73, No. 6, June 
1970, pp. 78-79, 96. 

17 Environmental Science & Technology. Fly Ash 
Utilization Climbing Steadily. V. 4, No. 3, March 
1970, pp. 187-189. 
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Table 2.—Value of clays produced in the United States, by States 
(Thousand dollars) 


California 
Colorado 


Pennsylvania „„ 
Rhode Island 


West Virginia 5 
Wisconsin 


Tennessee 


1969 


13,627 


264,415 
454 


1970 


267,912 
486 


Kaolin 


X 


X 


* 


Kind of clay produced in 1970 


Ball 
clay 


ala 


Fire 
clay 


X 


x 


ps ps 


pd x 


px x P< 


x pá 


pd ye 


W Withheld to avoid disclosing individual company confidential data. 


X Major 


1 Value of 
2 Value of fire clay included with “Other” to avoid disclosing individual company confidential data. 
3 Value of kaolin included with “Other” to avoid disclosing individual company confidential data. 
4 Value of fuller's earth included with “Other” to avoid disclosing individual company confidential data. 


roducing States which account for over 90 percent of 


roduction. 


Benton- 
ite 


X 
X 


x 
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Fuller’s Common 


earth 


N 


elay 


De 


NHM bx x bd bd bd bn bdbd> bdbd> >€ >€ x >x >x Dd bd de bn bn pix pd bd bd bd be x pi» » » >x pd pd > 


x Other producing States. 
ntonite included with “Other” to avoid disclosing individual company confidential data. 


s Value of ball clay included with “Other” to avoid disclosing individual company confidential data. 
s Includes Nevada, North Dakota, 
7 Data may not ad 


Vermont, and values indicated by footnotes 1 through 
d to totals shown because of independent rounding. 
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Table 3.—Kaolin sold or used by producers in the United States, by States 


(Thousand short tons and thousand dollars) 


Sold by Used by Total ! 
Year and State producers producers 
Quantity Quantity Quantity Value 
J A Se 3,664 721 4,385 $81,984 
I ³KVd0 tue DM ĩ A EE 3,336 637 3,973 81,321 
AAA “ „A NI 3,579 622 4,201 92,486 
1969: 
Sir r ia W W W 268 
Gerrit is 3,310 366 3,676 87,956 
South Carolina... 481 115 596 8,884 
Other States -2-222-22222-2 154 313 467 5,154 
Total) illa sea ote 3,944 794 4,739 102,262 
1970: 
AV EE W W 203 1,840 
% ³ A let O W W 13 187 
Go EE 3,508 241 3,749 100,278 
South Carolina 443 77 519 8,011 
Other States Loa A 8 247 410 441 5,792 
ll ³ AA ⁰⁰⁰⁰ 4,198 728 4,926 116,109 


W Withheld to avoid disclosing individual company confidential data; included with “Other States.” 


1 Data may not add to totals shown because of independent rounding. 


* Includes Alabama, Arkansas (1969), Florida, Idaho, North Carolina, Pennsylvania, Texas, Utah, and data 


indicated by symbol W. 


Table 4.—Georgia koalin sold or used by producers, by uses 
(Thousand short tons and thousand dollars) 


China clay, Refractory 


paper clay, uses Total 
other 
Year 

Quantity Quantity Quantity Value 
A A 2,719 487 3,206 $67,156 
1918.08 y reu 2, 708 301 3,009 69,327 
1933s. ĩðA dr ia 2,947 218 3,165 79,061 
999 ⁵oð- A ⁵ĩ¾ K ⁵⁵⁰k 8 3,358 318 3,676 87 ,956 
91... 8 3,355 394 3,749 100,278 


Table 5.—Ball clay sold or used by 
producers in the United States 


(Thousand short tons and thousand dollars) 


Year Quantity Value 
EIER eer la 571 37,322 
1961. no e El usss deseen 559 7,446 
/ ³o˙»˙¾m A 630 8,351 
1969... 5 ww 8 682 9,720 


Average 
value 
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Table 6.—Fire clay, including stoneware clay, sold or used by producers in the 
United States, by States 


Sold by Used by Total 
producers producers 
Year and State — ——¶ 0 —À——Tn—— K-—_—<——— — ÑƏ 
Short tons Short tons Short tons Value 
(thousands) 
/ ³ ³ͥ ett coL eA LECHE 2,596,470 6,181,695 8,778,165 $42,179 
AAA am Cae Duman 2,512,411 5,460,002 7,972,413 42,157 
A ee mtr 8 2,547,878 65,506,074 8,053,952 42,094 
1969: 

Alabama ꝛ ů ⅛]˙b“ k ·⁰-—⁊ . aysa W W 462, 820 1,994 

õͤ]³˙màààànnu..... y 8 15 15 (1 
M e 154,188 133,975 288,163 1,078 
UTA ĩᷣ y eL en a s W W 215,176 1,618 
Ii tg ate dues ucc W W 165,847 314 
Rieke 8 66,195 131,976 198,171 1,054 
KIT EE 69 , 843 970,521 1,040,364 4,968 
NA A A W W 81,764 575 
New Mexico. . .. 2-2 2l-22-222l2l22..2.2- w W 2,432 12 
BU EE 1,106,711 924,888 2,031,599 6,731 
. Kd ds y ⁰ reel aida lo ear so 381 381 4 
Pennsylvania. 382,930 823,531 1,206,461 12,921 
7 ͤͤ a v iE S W W 635,102 1,669 
Other States zůii e 922,377 1,578,619 932,855 4,842 
Total ss das Poi dee duis ida UE 2,702,244 4,558,906 7,261,150 37,715 

1970: 

Ala Damis- cron A E W W 395,609 2,636 

EE et eR EA E 10 10 (1 
Californias AA w W 399,924 1,276 
Colorado: ln Ud ³ 151,612 87,157 238,769 951 
I IA 8 W W 182,079 1,503 
Indiana. 2 ⁰˙¹·¹w-w-- elc EE Le W W 75,403 202 
eh TEE W W 160,085 916 
RE WEE 128 , 668 798 ,002 926 ,670 4,854 
Nef ta iran W W W 518 
AAA AAA RA 889 , 499 999,584 1,889,083 6,055 
Oklahoma ceca res ³ ni. aos 405 405 4 
Pennsylvania 392, 853 816,134 1,208,987 10, 544 
%))öööͤĩÄ—0 jꝛðĩ i epi eu 8 W W 351,231 1,334 
Utah: nuse m mt ale S Y ci usai W W 7,109 24 
Nn é 749,866 1,444,721 623 , 147 3,694 
r ß 2,312,498 4,146,013 6,458,511 34,511 


W Withheld to avoid disclosing individual company confidential data; included with “Other States“. 

1 Less than Le unit. 

2 Includes Arkansas (1969), California (1969), Idaho, Kansas, Maine, Maryland, Minnesota (1969), Missis- 
sippi, Nevada (1969), New Mexico (1970), Oregon, Utah (1969), Washington, West Virginia, Wyoming (1969), 
and data indicated by symbol W. 


Table 7.—Bentonite sold or used by producers in the United States, by States 


Year and State Short Value Year and State Short Value 
tons (thousands) tons (thousands) 
KEE 2,060,616 $22,010 1970: 
TEE 8 2,042,841 20,490 Mississippi 261,949 33,124 
193999sss 8 2,437,526 23,970 Oregon 697 8 
===> Texas 73,531 839 
1969: Wyoming 1,905, 844 18,725 
Colorado. ............ 1,428 T Other States 11. 290, 824 2,818 
Mississippi 299,123 3,525 — DÇ 
Oregon 604 7 g Wed secs 2,532,845 25,514 
TEXAS 22; a 99 ,828 655 
Wyoming 1,952,174 18,871 
Other States 11. 287,055 2,859 
Total- cens 2,640,212 25,924 


1 Alabama, Arizona, California, Colorado (1970), Missouri (1969), Montana, Nevada, North Dakota (1969), 
Oklahoma, South Dakota, and Utah. 


318 MINERALS YEARBOOK, 1970 


Table 8.—Fuller's earth sold or used by producers in the United States, by States 


Year and State Short Value Year and State Short Value 
tons (thousands) tons (thousands) 
196i m 759, 638 $18,354 1970: 
19s 3 803,919 20, 539 Florida 422,150 $11,657 
1968... e cR us. 921,550 28,176 Georgia 334, 426 7,675 
=== Ut ag.. 2,586 47 
1969: Other States i 222, 728 4,529 
Florida and Georgia... 778,175 21,123 — ——  PQW” 
lll chen 2,834 51 Total 981,890 223, 907 
Other States . 203 , 603 4,199 
Total... --c2-) 984 ,612 25,373 


1 Includes Illinois, Mississippi, Missouri, Tennessee, and Texas. 
2 Data may not add to totals shown because of independent rounding. 


Table 9.—Common clay and shale sold or used by producers in the United States, 
by States 


(Thousand short tons and thousand dollars) 


Sold by Used by Total} 
Year and State producers producers 
Quantity Quantity Quantity Value 
DL u lu eis d al tens 1,156 89 , 005 40,161 $49 , 865 
BG iat SZ A 8 1,054 88 ,259 39,312 52,085 
¡E O 1,456 89,647 41,104 56,863 
1969: 

Alabama. c.c ml cee be l QS O we OMS 294 2,144 2,438 3,335 
IC ok ah ta ad 833 833 1,091 
Sill A 8 836 1,737 2,573 5,876 
Goes d ita W 442 539 
lee adas plis on 197 197 341 
/ ³·¹·ü¹mAA. ⁰¹wuw AAA 88 11 11 11 
ff! zu s ³ A eee W W 1,663 2,001 

Hawal lom cuu ee mu. taste 2 2 
e e w W 23 51 
O AA y W w 1,648 2,708 
Indiana. o ana W W 1,317 1,950 
E EEE A A A Sis 1,199 1,199 1,660 
CHEN W W 797 1,070 
Kentucky J. kk W W 1,034 1,022 
CJJJJ0ô§ö.ͤ Add Se 8 1,078 1,078 ,943 

E ais d ut 42 42 
Maryland uvas suas si 8 w 1,152 1,369 
Massachusetts 332 5 
Mei h;ö r ot ELE 2, 667 2, 667 3,037 
, ie x o aa 275 275 412 
Mississippi. ___.._....._------..-_----------- W W 1,099 1,136 
CJCCCJJ§Üͤ5˙! Eet ida 1,211 1,211 1,437 
Mn 8 W w 84 63 
Nebraska W w 149 223 
New Hampshire 44 44 40 
New Jersey-_.. l... ...........- w W 245 547 
New Mexic ooo W W 67 77 
New York -2222au W W 1,623 1,783 
North Carolina W W 3,342 2,610 
81 AN MIR 215 2,340 2,555 4,962 
Oklahoma. __....._...-_.________._____-- aoa 2222222222 802 802 1,178 
S lh A et re ety tear W W 215 314 
Pennsylvania. 90 1,430 1,520 6,716 
South Carolina 1,848 1,848 2,026 
Tennessee aaan W W 1,265 1,130 
%% E EN 88 W W 3,593 5,402 
VIFginll- o A ÓN 1,677 1,677 1,504 
Washington AA A ˙G 25 205 230 4 
West Virginia W W 247 348 
Wiseonsin_____ d doo bd 12 12 | 24 
EN TEE 40 40 99 
Other States? 1,032 19,770 845 1,208 
r ⁰¹Ü¹ÜwVͤ] ³ 5mm ĩð as 2,493 39,894 42,387 63,361 


See footnotes at end of table. 
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Table 9.—Common clay and shale sold or used by producers in the United States, 
by States—Continued 


(Thousand short tons and thousand dollars) 


Sold by Used by Total ! 
Year and State producers producers 
Quantity Quantity Quantity Value 
1970: 
Alabama EENEG w W 2,046 $2,780 
AFTKAnBüs. 2. deet eaten a 812 8 : 
Calfornig. cera ate de 210 2,187 2,397 4,821 
Colorado ion e ³o». ⁰ꝛm cse W 39 552 
Gr a t E 171 171 386 
Desde. 3 11 11 11 
ö ˙ AAA y W W 1,601 2,196 
E EE 2 2 11 
II A ĩé tees W W 13 28 
IOS... nsu aa pe ⁰ymts Di pei ene 1,494 1,494 2,959 
A EE W W 1,259 1,936 
„ ee ee 1,181 1,181 1,823 
¿AAA Lee ee A W W 713 946 
Kentucky. a a oes W W 860 877 
I1/;% ³ ³˙¹¹m ĩðé-um ͥdyd y a LEE et ter 1,080 1, 080 1,575 
/˖ö%è:—v ꝶꝶmqmNꝶęꝶꝶqꝝꝶM!męꝶo Tꝓ · d ais 41 41 
Maryland o ĩ˙- ͤK ͤʒ n ctor il W W 1,129 1,433 
Massachusetts 284 284 582 
Meili... a oi eee 2,480 2,480 2,887 
Minnesotas zo. ta tra o o ꝛĩ½ͤ0 88 227 227 335 
Mississippi- eee W W 974 1,008 
RE lu Ee a eue 1,201 1,201 1,626 
Melt pz W W 41 71 
Nebraska___ 22222222 222222 2222222222222 W W 90 147 
New HampshireWeWeWtWttttttte ü ede 40 40 
N ² A cel uQ ³⅛ð2 AA W W 472 
N ³oð¹OꝗAAͥ aoe ⁰²mĩA decide W W 1,707 1,897 
North Carolina W W 3,318 3,102 
CG ͥͤ ³Ä AAA 185 1,846 2,031 4,045 
Ae. y 769 769 1,116 
VA soi Spec ins y ⁰ʒ ee W W 134 172 
Pennsylvania 105 1,350 1,456 5,301 
South e aras a aa 12 1,443 1,455 1,867 
MA AA 991 991 1,461 
ONG A O A A e Lo W W 3,550 4,945 
e A A K 1,633 1,633 1,672 
Washington 24 216 240 436 
West Virginia- --------------2---------------- W W 191 238 
WISCONSIN eet, wee es 8 8 14 
MW VOM topos oe i mw. mt ua LL DUE 44 44 104 
Other State wee eee 839 18 ,358 1,175 1,340 
Total E acre ⁰ ˙ aA ana 1,375 37,869 89,244 57,721 


W Withheld to avoid disclosing individual company confidential data. 

! Data may not add to totals shown because of independent rounding. 

? Includes Arizona, Florida, Nevada, New Mexico (1970), North Dakota, South Dakota, Utah, Vermont, 
and data indicated by symbol W. 
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Table 10.—Clay sold or used by producers in the United States in 1970, by kinds 1 


(Thousand short tons) 


Fuller’s Common 
clay and 


earth 


shale 
W 
38 
38 
98 


— —— s Ñas ed 


— — r a A a te 


Ball Fire clay Ben- 
Use Kaolin clay and stone- tonite 
ware clay 
Pottery and stoneware: 
White ware 120 297 W W 
Mf 45 20 5h MEM 
Total unico tcbute et a 165 317 W W 
Floor and wall tile 15 109 279 
Refractories: 
Firebrick and block. ........... 692 12 2,48 
Foundries, steelworks (bulk) . Ww W 545 745 
High-alumina brick (minimum 
50 percent Al203)------------ „„ 48. — 
Mott 8 W Ww 6l ....... 
Saggers, pins, stilts, and wads___ W W W d 
Other. u u illo ERE Rc W W 16 W 
Tot! RE 821 W W W 
Heavy clay products: E 
Building brick. ............... 83 141 2,151 W 
Drain De... caia ĩðͤ A ¡a AW Secu 
Vitrified sewer pipe „ 4995 
e A elc LE W ix o 
l! A e Z Ah W 141 W W 
Lightweight aggregate. W ....... 
Filler: 
SC coating and filling 2,535 R W 
Rübber- eege gil. nuuc ` eeneg W 
SE d EEN Wo- een RA w 
Dita su x do occi dE 1 A W 
Fertültzerg.. a NEE 
Insecticides and fungicides...... 26 w 2 
Foo! 6A 86 ....... W W 
Total. a W W W W 
Portland and other cements......... 877575 18 1 
Absorbent uses: 
Animal litterrnrr 21222222 22.222.2. W 
Floor sweeping compound d. 
ö TTC" 
P/²˙; 7⅛ʃ —ꝛ d ⅛mmm ;; ð x ON W 
Miscellaneous: 
Filtering, decolorizing, and clar- 
e f detects 162 
Rotary- drilling mud W W 6 509 
Chemicals GS. sosun W W 
Catalysts (oil refining). ) 65 NF Cel 
Pelletizing (iron ore)........... ....... .d 898 
GOA. Rees 392 W 96 186 
Total....... PETER E W W W W 
Grand total: m 
Le eee 4,926 710 6,459 2,533 
199 8 4,739 682 7,261 2,640 


W Withheld to avoid disclosing individual company confidential data. 
! Data may not add to totals shown because of independent rounding. 


— — e oo ~ 


3.520 
10,990 
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Product 


CLAY REFRACTORIES 
Fire clay ancung semisilica) brick and shapes, 
except superduty. 
Superduty eday brick and shapes 
High-alumina brick and shapes (50 p percent Al?0 ; 
and over) made substantially of calcined dia- 
spore or bauxite.! 
Insulating firebrick and shapes. 
Ladle brick 


Sleeves, nozzles, runner brick and tuyeres______ 


Glasshouse pots, tank blocks, feeder parts and 
upper structure shapes used only for glass 
tanks.! ? 

Hot-top refractor ies 

Clay-kiln furniture, radiant-heater elements, 
potters’ supplies, and other miscellaneous 
shaped refractory items. 

Refractory ra mortars, air-setting (wet 
and dry types) 

Refractory 9 mortars, except air-setting 
types.’ 

Plastic refractories and ramming mixes 3_.___ _ _ ` _ 

Castable refractories (hydraulic-setting)........ 

Insulating castable refractories (hydraulic- 
setting). 

Other clay refractory materials sold in lump or 
ground form.! $ 


Total clay refractories.................- 


" NONCLAY REFRACTORIES 
Silica brick and shapes 


Magnesite and magnesite-chrome brick and 
shapes (magnesite predominating) (excluding 
molten cast and fused magnesia). 

Chrome and chrome-magnesite brick and shapes 
ert predominating) (excluding molten 
cast). 

Graphite crucibles, retorts, stopper heads, and 
other shaped refractories containing natural 


graphite 

Mullite brick and shapes made predominantly of 
kyanite, sillimanite, andalusite, or synthetic 
mullite (excluding molten-cast). 

Extra-high alumina brick and shapes made pre- 
dominantly of fused bauxite, fused or dense- 
sintered alumina (excluding molten cast). 

Silicon carbide brick and shapes made predomi- 
nantly of silicon carbide (including kiln furni- 
ture). 

Zircon and zirconia brick and shapes made pre- 
dominantly of either of these materials. 

Forsterite, pyrophyllite, molten-cast, dolomite, 
dolomite-magnesite, and other nonclay brick 
and shapes including carbon refractories ex- 
cept those containing natural graphite. 

Mortars: 

Basic bonding mortars (magnesite or chrome 

ore predominating). 

Other nonclay refractory mortars.......... 
Nonclay refractory castables (hydraulic-setting) . 
Plastic refractories and ramming mixes (wet and 

dry types): 

Basic (magnesite, dolomite, or chrome ore 

predominating). 

Other nonclay plastic refractories and ram- 

ming mixes. 


See footnotes at end of table. 


1970 


Shipments 
Unit of 1969 
quantity — — 
Value 
Quantity (thou- Quantity 
sands) 
1,000 9-inch 269,751 $56,852 224,857 
equivalent 
ee 75,189 26,268 78,177 
e r 65,240 137,236 66,416 
e r 60, 926 718,026 55,285 
2. 004 xe 205,850 27,386 193 567 
e r 54, 080 15,545 49 873 
Short tons... 37,350 3,134 29,717 
5 NA 10, 363 NA 
Short tons... 778,041 110, 432 69,507 
NE e meer ene r 15,970 r 1,972 12,106 
sic sci r171,130 r15,355 170,624 
„ r 178,498 20,155 178,987 
SO dba r 41,168 6,168 44, 576 
e 345,227 8,615 330,835 
XX 257,507 xx 
1,000 9-inch 68,668  Á 717,480 45,395 
equivalent 
PERSE $ s usu zD 103,642 112,601 92,912 
ic Os Brut ons 21,637 20,816 16,850 
Short tons... 716,418 115,058 15,957 
1,000 9-inch r6,153 710,128 6,106 
equivalent 
MENU RENS r 3,580 r 9,343 3,171 
E + [o AAN r3,793 13, 526 3, 589 
E Te EE r 2,310 r 6,983 1,788 
BEE, La Lat r 25,645 148,575 25, 032 
Short tons... 795,305 r 8,534 90,288 
hee do... r 25,068 r 4,591 25,282 
ME EEN r 38,293 r 9,192 41,769 
ss P dO eo 168,474 24,503 147,321 
pd r 64,316 13,708 73,004 


Value 

(thou- 

sands) 
$51,078 
27 , 867 
40 ,673 


17 ,368 
28,130 
15,803 


2,352 
9.060 
9.681 
1,529 
15,579 
21,766 
6,819 


8,679 


256,384 


15,251 
108,126 


17,831 


14,732 


10,879 


9,207 


13,745 


6,614 
49,323 


8,808 
4,888 
10,358 
23,014 
15,614 
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Table 11.—Shipments of refractories in the United States, by kinds—Continued 


Shipments 
Unit of 1969 1970 

Product quantity — O — — — 

Value Value 

Quantity (thou- Quantity (thou- 

sands) sands) 

NONCLAY REFRACTORIES—Continued 
Dead-burned magnesia or magnesite. .......... Short tons... 117,326 38,016 159,883 $12,571 
Nonclay gunning mixes___._.._.-._.---------- ---- do...... 249,573 26,209 219,580 24,440 
Other nonclay refractory materials sold in lump  ....do...... r 256,303 410,506 255,141 9,580 
or ground form.* 

Total nonclay refractories- -_--.----.---- XX r359,769 XX 854,976 
Grand total refractories____.__.____..-- XX r617,276 XX 611,360 


r Revised. NA Not available. XX Not applicable. 

1 Excludes data for mullite and extra-high-alumina refractories. These products are included with mullite 
and extra-high-alumina brick and shapes in the nonclay refractories section. 

2 Now included with fireclay (including semisilica) brick and shapes, except su rduty. 

3 Includes data for bonding mortars which contain up to 60-percent Al20 3, dry basis. Bonding mortars which 
contain more than 60-percent Al203, dry basis are included in the nonclay refractories section. 

4 Represents only shipments by establishments classified in “manufacturing” industries, and excludes ship- 
ments to refractories producers for the manufacture of brick and other refractories. 

5 Includes data for calcined clay, ground brick, and siliceous and other gunning mixes. 


Table 12.—Shipments of principal structural clay products in the United States 


Product 1966 1967 1968 1969 1970 


Unglazed brick (buildings) 
1,000 standard brick 7,606,237 7,117,353 7,556,809 7,289,669 6,495,995 


eee ao thousands $2 92, "914 $285,630 $318,865  $318,892 $287,131 
Uñglazed i structural tile short tons.. 267 '431 234,517 191,067 241,509 `, 
ill cte S thousands 35,317 $4,900 $4,169 $6,875 `, 


Vitrified clay sewer pipe and fittings 
short tons 1,610,318 1,572,167 1,705,528 1,783,546 1,622,339 


ECH -------------------- thousands.. $96,707 $97,330 $109,465 $120,420 $119,048 
Facing tile, ceramic glazed, including glazed 
brick APN 1 ,000-brick equivalent 292, 525 230, 064 211,223 200, 074 167, 070 
Ill ĩͤ K thousands.. $25,179 $21,274 $19,708 $19,188 $15,661 
Facing tile, unglazed and salt glazed 1,000- 
tile, 8- by 5- by 12-inch, equivalent 5,207 8,352 3,032 2,965 1,915 
Value thousands $1,284 $837 $150 $729 $469 
Clay floor and wall tile and accessories, includ- 
ing quarry tile 1,000 square feet.. 272,688 291,532 274,512 284, 780 250, 405 
ir... ses zie thousands 5133, 266 $128,139 $138 319 $142,878 $126,219 


Total value thousands.. $554,667 $538,110 $590,776 $608,982 $548,528 
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Table 14.—U.S. imports for consumption of clay in 1970 


(Short tons and thousand dollars) 


Kind 
China clay or kaolin, whether or not beneficiated: 
Australlg. ˙ ð˙ NAAA AA 
Canada, uu ⁵ ˙²˙.i ꝶ ͤ DDDDVœUœmœ—B m.. r a odia a lan 
Germany. ³U¹ æP＋f—æ!riſ ß 
Y E A A 0! mr dd sS am a EE 


South Africa, Republic ofMlMHMMOOMOMOH·Uu. „ 
United: indſgſgſ‚aſaſ‚‚d‚‚ſ - a 


Fuller’s earth: United Kingdom 


Bentonite: 
Canada 


% o o ts ei da e EL E eL 
Germany. West a . EE D ia 
United Kingdom 


Common blue clay or ball clay, wholly or partly beneficiated: 
F ³o¹ ͥ ͥ ſſſſſſſſſſſſ ⁰⁰ E 
Netherlands 


7öĩÄĩ:—m . ꝛ ¾⅛mm h ( x 


Clays, n. e. c., wholly or partly beneficiated: 
FJõ Ä ] T..... ⅛5;Ky yy y a S E 
Germany, Westdt. a il oe eee e 
United ld, 8 


OUR AA A AA AA 
Clays artificially activated with acid: 


ET ek o o oia M a pna T sh 


ep em ep o ep om em ve ms rem mp em g wen mm — em em ep em em o em em em em —— — em ze ms ep em du 
— em om em wm em - ep op ep op e ep — ep gr e em e ͥ ͥꝗꝓũꝛ em e em em em ge wwe em n ep em em ewe vm wm em wg —— wn - me wx s“ ꝙ— — — we 


! Less than Le unit. 


Quantity Value 
1 (1) 

1,982 $29 
3,699 49 
55 11 
25 1 
59,573 1,156 
65,335 1,246 
66 5 
60 3 
123 6 
183 9 
1,654 24 
2,755 40 
9,522 132 
13,931 196 
55 4 
62 1 
3,270 86 
3,387 91 
54 3 
22 1 
76 4 
49 7 
253 18 
1,199 63 
1,501 88 
1,193 51 
518 45 
340 66 
10 1 
2,061 163 
86,540 1,802 
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Table 15.—China clay: World production, by countries 
(Thousand short tons) 


Country ! 1968 1969 1970 p 
North America: 
N ³·1—iꝗ e 8 83 99 87 
Fi ³§oàwüſſſdddddſſ. D s 4,201 4,739 4,926 
South America: 
ti a ³ „... —w a e Saw o huu r 81 89 e 89 
ANA ee EE DIL so uq Lost Ra sd 29 49 53 
COLMO E PNE a EEN 93 97 102 
¡HAT ARE A 8 1 (3) el 
TOP EA A EE 1 2 e 2 
Europe: 
Austria (marketableĩĩꝛꝛꝛ 106 107 e 106 
Bi e ad La er at 110 110 110 
ET A A A A Ge hen eS 140 134 138 
Czechoslovakia 376 378 386 
Pl ]⁵ꝛ˙¾à]ẽ¹ſ ⁰⁰vyd uum a acre 20 20 20 
Fl. ³ LO ³V⁰⁴iA m up RU es ee r 485 e 518 e 529 
Germany, West (marketabledꝛ—kꝛ 451 480 493 
J%)0%0 ³⁰»¹¹ͤ] ⁰˙⁰¹. 0fã½ r A . 88 r 87 e 66 e 58 
HUA a f ˙ ˙ A de r 69 66 79 
Italy 
%%%%%%%é%Ü ñ ? E 8 90 104 111 
Kaolinitic eart nin r 21 e 22 e 22 
Portugal NA ih ea as NS es r 46 49 55 
Romania JJ ⁵ é Add E % é v . a SZ au Ye 55 55 55 
Spain (marketable) eee eee 250 302 e 330 
EE da a a a E EE 31 32 e 82 
BEN ta tea EE EE 1,900 2,000 2,000 
United Kingdom r 3,115 3,368 3,509 
Africa: 
E ͥ A e oa LEAL d 10 1 2 
Ethiopia... ee hols och wets Seat C 14 14 12 
Jh ͥ ³W¹ A IN ⁊ 1 2 2 
Malagasy Republik 1 e] 1 
EE TEE rj 1 2 
NIRO EE Dile dL E ua 8 (3) 1 1 
South Africa, Republic offerte 36 37 41 
Sf Ä f¼ ² ⁰⁰yd yd K a ARE 2 2 2 
III/ ³ ² ³W f d ee ints Sra a Sa a a 1 1 1 
United Arab Republi 200 ooo r 120 86 e 88 
Asia: 
Cl Ste oe ec 8 3 3 2 
Hong Kong. EE 6 5 4 
India: 5 
Saber, 172 200 222 
Processed ur Su ũ . ⁰¶ ua kk yy ARO 113 113 113 
Indonesia (kaolin powderi „ 8 e3 e 10 
a ⅛ m dial to 35 p 37 e 39 
7ͥ§õ ] ]⅛]¾ꝛꝶ.f yy EE 187 214 239 
Korea, Republic of 133 149 215 
JJ ³·˙mð ĩͤ ß y k a ded 2 2 4 
Pakistan cocoa ³ ⁰ y 3 4 e 10 
e d RTE TC NEE 1 el el 
i v A A ASS 11 12 11 
h ua iy ele ees b u mt ane ate coe hee (°) (9) 3 
Oceania: Australia 10_____ 2 occ 66 72 e 72 
rü h A A r 12,767 13,847 14,390 
e Estimate. p Preliminary. r Revised. 


1 In addition to the countries listed, Brazil, mainland China, East Germany, Israel, Lebanon, Southern 
Rhodesia, and Yugoslavia also produces kaolin, but information is inadequate to make reliable estimates of 
SE In addition, Morocco and Paraguay produced less than 500 tons in each of the years covered by 
this table. 

2 Kaolin sold or used by producers. 

3 Less than 1⁄4 unit. 

4 Includes kaolinitic clay. 

5 Series revised to show total salable product; figures in previous editions of this chapter were total crude 
production. Processed kaolin listed was derived from so-called nonsalable crude production, which was as 
follows in thousand short tons: 1968, 386; 1969, 413; and 1970, 371. 

6 Year beginning March 21 of that stated. 

7 1968 and 1969 data are officially reported figures but totals may be higher owing to unreported production 
from West Pakistan. 

8 Data given are for ceramic and pottery and paper filler clays; in 1969, reported quantities were; ceramic 
and pottery 7,292 short tons and paper filler 4,960 short tons. 

9 Production unreported but small if any. 

10 Includes ball clay. 
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Coal—Bituminous and Lignite 


By L. W. Westerstrom ! 


Production of bituminous coal and lig- 
nite increased substantially in 1970. The 
output of 602.9 million tons, an increase of 


42.4 million tons over production in 1969, 


was surpassed in only two previous years, 
1944 and 1947. The gain was attributed to 
expanded consumption by the electric util- 
ities, a greater use at coke ovens, a sub- 
stantial increase in exports, and a rebuild- 
ing of depleted stockpiles. 

The big increase in demand for coal, 
caused serious shortages in the first half of 
the year. Production, although hampered 
by some wildcat strikes and railway car 
shortages during the first half of the year, 
improved steadily during the second half 
as strikes dwindled and the car supply im- 
proved. As a result, production was able to 
nearly match demand. 

Despite the 42-billion-ton increase in bi- 
tuminous coal and lignite production in 
1970, underground production in all major 
coal-producing states was less than that of 
1969. As a result, coal produced from strip 
mines in 1970 accounted for 40 percent of 
the total production, compared with 35 
percent in 1969. In Kentucky alone, coal 
output from strip mines increased 15.3 
million tons—9.8 million tons in East Ken- 
tucky and 5.5 million tons in West Ken- 
tucky. In West Virginia, strip-mine produc- 
tion increased 7.4 million tons, and in 
Ohio, production increased 4.8 million 
tons. 

The shortage of coal, the increased cost 
of production, the passage of a comprehen- 
sive Federal mine safety law, and local and 
national antipollution measures drove coal 
prices to an unprecedented high. The av- 
erage U.S. f.o.b. mine price increased from 
$4.99 per ton in 1969 to $6.26 per ton in 
1970. 

In developments affecting underground 
coal mining, the most significant event was 
the implementation of the Federal Coal 


Mine Health and Safety Act of 1969. Defi- 
nite changes were required in most mine 
operations to achieve respirable dust con- 
trol, to increase general ventilation re- 
quirements, to make appropriate equip- 
ment changes and modifications, and to 
comply with manpower training and cer- 
tification criteria. These measures, as would 
be expected, increased mining costs consid- 
erably. 

Exports in 1970 gained 14.7 million tons, 
raising the total for the year to 70.9 mil- 
lion tons. Shipments of coal to Canada 
and exports of coal to Japan and the Eu- 
ropean Coal and Steel Community in- 
creased significantly. | 

In transportation, a new coal pipeline 
running from a mine in northeastern Ari- 
zona to a powerplant in Nevada began op- 
eration. Unit-train shipments continued to 
grow. The rail cost of transporting coal in- 
creased during the year. Despite increased 
unit-train shipments of coal, two general 
freight rate increases raised the average 
rail freight charge from $3.10 per ton in 
1969 to $3.41 per ton in 1970. 

This chapter includes all bituminous 
coal and lignite produced in the United 
States except Texas lignite and bitumi- 
nous coal and lignite from mines that pro- 
duced less than 1,000 tons per year. All 
quantity figures represent net tons of mar- 
ketable coal and exclude washery and other 
refuse. Statistics are final and are based 
upon detailed annual reports of produc- 
tion and mine operation furnished by pro- 
ducers. For production not directly re- 
ported (chiefly that of small mines), 
accurate data were obtained from the rec- 
ords of the various State mine depart- 
ments, which have statuary authority to 
require such reports. Thus, complete cover- 
age of all mines producing 1,000 tons per 
year or more is reported. 


1 Industry economist, Division of Fossil Fuels. 


327 


328 


The annual coal production canvass does 
not include information on employment. 
The information, which shows the average 
number of men working daily, days 
worked, man-days worked, and tons per 
man per day, was obtained from the Office 
of Accident Analysis of the Bureau of 
Mines. 

The monthly and weekly estimates of 
production, summarized in tables 4 and 5, 
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are based upon railroad carloadings of coal 
reported daily and weekly by railroads, 
shipments on the Allegheny and Mononga- 
hela Rivers reported by the U.S. Army 
Corps of Engineers, direct reeports from 
mining companies, and monthly produc- 
tion statements compiled by certain local 
operators’ associations and State mine de- 
partments. 


Table 1.—Salient statistics of the bituminous coal and lignite industry 
in the United States 


Item 1966 
Produetion....... thousand short tons. . 533,881 
1I1//;;— 8 thousands. $2,421,293 
Consumption thousand short tons 486, 266 


Stocks at end of year: 
Industrial consumers and retail 


Frs A do- 74, 466 
Stocks on upper lake docks. do 2,942 
Exportsg1______ ce ccc eee eed do 49,302 
Imports 1..............-....... do- 178 
Price indicators, average per net ton: 
Cost of coking coal at merchant 
coke oveng. 39.81 
Railroad freight charge 22. $3.01 
Value f.o.b. mines (sold in open 
market)... ul. cursis $4.24 
Value f.o.b. mines $4.54 
Method of mining: 
Hand-loaded underground 
thousand short tons.. 28,243 
Mechanically loaded underground 
do- 310,281 
Percentage mechanically loaded 91.7 
Percentage cut by machine 51.0 
Mined by stripping 
thousand short tons.. 180,058 
Percentage mined by stripping..... 33.7 
Mined at auger mines 
thousand short tons.. 15,299 
Percentage mined at auger mines... 2.9 
Mechanically cleaned 
thousand short tons 340,626 
Percentage mechanically cleaned. ...... 63.8 
Number of mines 6,749 
Capacity at 280 days 
thousand short tons.. 683,000 
Average number of men working daily: ? 
Underground mines TM 107,614 
Strip mines 21,752 
Auger mines 2,386 
r. A 181,752 
Average number of days worked: 3 
Underground mines 215 
Strip mines 24T 
Auger mines 144 
Total 2.522260 3s ee dali omo 219 
Production per man per day: 
Underground mines... -short tons 14.64 
Strip mines. do- 33.57 
Auger mines do 44.43 
Total 26256 uy cossus do.... 18.52 


! Bureau of the Census, U.S. Department of Commerce. 


? Interstate Commerce Commission. 


3 Based on data supplied by Accident Analysis Branch, U.S. Bureau of Mines. 


1967 1968 1969 1970 
552,626 545,245 — 560,505 602,982 
$2,555,378 $2,546,340 $2,795,509 — $3,772,662 
80,416 498,830 507,275 517,158 
93,128 85, 525 80,482 92,215 
2,280 1,997 1,484 ,468 
49,528 50,687 56.284 70,944 
227 224 109 36 
$10.33 $10.58 $10.75 $12.28 
$3.00 $3.01 $3.10 $3.41 
$4.34 $4.38 $4.65 $5.89 
$4.62 $4.67 $4.99 $6.26 
19,219 14,755 11,700 9,599 
329,914 829,887 835,430 329,189 
94.5 95.7 96.6 97.2 
49.1 48.4 46.2 46.1 
187,134 185,836 197,023 244,117 
33.9 34.1 35.2 40.5 
16,360 15,267 16,850 20,027 
2.9 2.8 2.9 3.3 
349,402 — 340923 334,761 323,452 
63.2 62.5 59.7 53.6 
5,878 5,827 5,118 5,601 
707,000 694,000 694. 000 740,000 
107,482 102,940 99,269 107,808 
21,439 22,358 22,323 28,395 
2,652 2,596 2,940 3,937 
131,528 127,894 124.532 140,140 
216 217 224 229 

248 243 247 236 

188 145 189 148 

219 220 226 228 
15.07 15.40 15.61 18.75 
35.17 34.24 35.71 35.96 
46.48 40.46 39.88 34.26 
19.17 19.37 19.90 18.84 
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DISTRIBUTION AND SHIPMENTS 


Shipments of bituminous coal and lig- 
nite, summarized by district of origin, State 
of destination, type of consumer use, and 
method of transportation, show the partici- 
pation of the bituminous coal and lignite 
industry in the local and national markets 
of the United States. 

The distribution data by consumer use 
do not necessarily conform to the con- 
sumption data because the latter represent 
actual use at consumers’ facilities, whereas 
the distribution data represent shipments 
from the mines, some of which were in 
transit Or in consumers’ storage. 

Total shipments in 1970 increased 6.8 
percent from those of 1969, and most geo- 
graphic divisions shared in the increase. 
The largest increases were in the East 
North Central region, followed by the East 
South Central and West North Central re- 
gions. Of the total 38.1-million-ton net in- 
crease in 1970, shipments to electric utili- 
ties were up 27.4 million tons. Coke and 
gas plants increased their receipts of coal 
by 4.4 million tons, and overseas exports 
increased 12.4 million tons. Shipments to 
retail dealers and all other industrial mar- 
kets decreased 0.9 and 4.5 million tons, re- 
spectively. Miscellaneous items such as rail- 
road fuel, mine fuel, Canadian and U.S. 
Great Lakes dock storage accounts, U.S. 
tidewater dock storage accounts, and net 


changes in mine inventory decreased 0.7 
million tons. 


The quantitative changes in total tons 
shipped, expressed in indices, that took 
place throughout the country, by geo- 
graphic division, State of destination, and 
consumer use, are shown for the years 1957 
and 1966 through 1970 in table 40. To in- 
dicate the size of the bituminous coal and 
lignite market in each geographic division, 
State, and consumer use category, the 1957 
total tons shipped are shown in lieu of the 
index numbers of 100, which each tonnage 
figure represents (except those otherwise 
noted) . 


These distribution data are based on re- 
ports submitted quarterly to the Bureau of 
Mines voluntarily by producers, sales 
agents, distributors, and wholesalers, who 
normally produce or sell 100,000 tons or 
more per year. The unprecedented cooper- 
ation of these respondents resulted in their 
reporting about 94 percent of all coal pro- 
duced or shipped. To account for total in- 
dustry shipments, estimates for the 
remaining shipments are included, based on 
data from coal trade and other reliable 
coal statistical reporting agencies. 


Additional details of bituminous coal 
and lignite distribution for 1970 are pre- 
sented in a Bureau of Mines report? 


TRANSPORTATION 


Unit trains continued to increase their 
share of coal traffic, particularly at new 
mines. Innovations in coal loading were 
made. At some mines, where space was 
available, track loops that permitted 
smooth, continuous loading of cars were 
installed. Coal loading and car movement 
was also enhanced by the incorporation of 
facilities that automatically moved cars of 
various sizes and capacities by the loading 
point. 

Car utilization improved substantially by 
the issuance of new regulations by the In- 
terstate Commerce Commission, which ac- 
celerated the return of empty hopper cars 
to owning railroads. The regulations pro- 
hibited major coal carriers from loading 
cars foreign to their lines and required 
them to return cars to the owner. 


Car shortages were further eased, when 
in mid-year, the N & W and the C & O- B 
& O railroads began a permit system for 
the movement of export coal to their 
Hampton Roads, Va., port facilities Under 
the system, exporters or transshippers need 
a permit from the rialroad for the number 
of cars they require, based on the expected 
arrival and availability of ships. The pur- 
pose of this system was to free more cars 
for movement of coal to domestic utilities 
and steel plants. 

In the fall of 1970, commercial operation 
of the 273-mile Black Mesa slurry line 
from Peabody Coal Co.'s Kayenta mine in 


2 U.S. Bureau of Mines. Bureau of Mines Bitu- 
minous Coal and Lignite Distribution, Calendar 
Year 1970. Miner. Ind. Survey, Mar. 23, 1971, 39 
pp. 
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northeastern Arizona, to the Mohawk pow- 
erplant at Davis Dam, Nev. began. The 
delivery capacity of 660 tons per hour en- 
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ables the pipeline to deliver the equivalent 
of one and one-half unit-train loads every 
day. 


FOREIGN TRADE 


In 1970 the United States exported 70.9 
million tons of coal, an increase of 14.7 
million tons over the amount exported in 
1969 and only 5.5 million tons short of the 
record year of 1957. The increased demand 
for U.S. coal stemmed from an unprece- 
dented rise in world steel production, a de- 
pletion of large coal stockpiles, and a reduc- 
tion in coal mining capacity. 

After World II, bituminous coal exports 
became an important item of foreign 
trade, contributing significantly to our in- 
ternational balance of payments. In 1970 
the total válue of coal exported was $951 
million and represented 2.3 percent of the 
total national export value (excluding 
shipments for defense). Nearly 96 percent 
of U.S. exports in 1970 were shipped to 
Japan, Canada, and Europe. The bulk of 


the remaining 4 percent went to Brazil 
and Chile. 

Shipments of coal to the Iron Curtain 
countries during 1970 amounted to 466,000 
tons, all destined for East Germany and 
Romania; 1969 exports to these Eastern 
Bloc countries totaled 159,000 tons. | 

Exports of coal fluctuated widely prior 
to 1961 because of various emergencies 
abroad; since then, with no major fuel 
emergencies, exports have increased consid- 
erably. There is reason to believe that be- 
cause of its high quality and competitive 
price, U.S. coal will continue to provide an 
important part of the coal supply in Can- 
ada, Japan, and Western Europe. 

Imports of bituminous coal and lignite 
are very small, totalling only 36,400 tons in 
1970. 


WORLD REVIEW 


World production of coal totaled 3,288 
million tons in 1970, an increase of 3.7 
percent over the total of 1969. The United 
States supplied nearly 613 million tons of 
bituminous coal, anthracite, and lignite, or 
19 percent of the world output in 1970. 

North America's contribution to world 
output increased 8.2 percent from the 1969 


level. Production increased in Europe, Af- 
rica, and Oceania, and declined in South 
America. 

Production in the U.S.S.R., the largest 
coal-producing country in the world, was 
estimated at 688 million tons in 1970, an 
increase of 2.7 percent from the 1969 ton- 
nage. 


TECHNOLOGY 


Improvements were made in the area of 
electric power distribution and utilization 
since the passage of the Federal Coal Mine 
Health and Safety Act of 1969. Trailing 
cables on face equipment with regard to 
the number of temporary splices permitted 
by the new law caused some operating dif- 
ficulties in 1970. However, equipment and 
techniques to make permanent cable 
splices were perfected in 1970. 

With the passage of the new safety act, 
the control of duct and methane assumed a 
position of great importance in coal mining. 
Dust control methods involved water infu- 
sion, use of water sprays, and improved 
ventilation. More mines adopted bulk 


rock-dusting systems, which includes surface 
storage tanks that deliver rock dust 
through boreholes to pressurized cars or 
tanks for delivery to the working faces as 
needed. 

Production from surface mines and high- 
wall coal-recovery augers reached new highs 
in 1970. In area stripping, large shovels 
and draglines accounted for most of the 
production; the 220-yard dragline contin- 
ued to be the largest operating machine. At 
large mines, where the overburden. was 
thick, shovels and draglines in sizes of 100 
to 120 yards were most often used. At 
mines where large machines could not be 
used, such as in mountainous terrain 
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where equipment followed the outcrop, 
mining companies used a wide range of 
machines to remove overburden. Those most 
widely used were diesel-powered shovels 
and draglines, front-end loaders, and large 
bulldozers. These units are easily moved 
from mine to mine and provide flexibility 
in stacking overburden. In hauling coal at 
contour operations, end-dump trucks carried 
nearly all of the output. Tractor-trailer 
combinations were most often used over 
relatively level terrain from the loading 
shovel to the preparation plant or to 
stockpiles at the power plant. 

Substantial research was conducted in 
coal utilization by the Bureau of Mines. 
The coal gasification process, designated 
the “Synthane” process, was further devel- 
oped and tested in a pilot plant for con- 
verting coal to pipeline-quality gas. The 
economic and operational feasibility of the 
gasification process were judged attractive 
by an outside engineering firm. Design of 
a prototype plant is underway. The proc- 
ess is capable of gasifying caking as well as 
non-caking coals. Other advantages of the 
process are that more than one-half of the 
ultimate methane is produced in the gasi- 
fier and that it includes an efficient and 
novel methanator for upgrading the coal 
gases to pipeline quality. 

In a second program, successful pilot 
plant tests at the Morgantown Energy Re- 
search Center demonstrated that strongly 
caking coal can be gasified in a fixed-bed 
unit if mechanical stirring is employed to 
break up agglomeration in the fuel bed. 
The tendency of coals to agglomerate 
when heated has hampered the gasification 
of coals from the Eastern United States, 
the locale .n which the largest potential 
markets for synthetic gas are located. Al- 
though the Bureau’s fixed-bed operation 
requires the use of screened coal, it is at- 
tractive for large-scale application, because 
it offers high throughput and economy of 
operation. 
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The Bureau demonstrated that slurries 
of coal in high-temperature tar can be hy- 
drogenated to an oil over fixed beds of 
pelleted cobalt molybdate catalyst. 


Hydrogenation of a 30-weight-percent 
coal slurry at 425° C and 4,000 psi re- 
sulted in 91 percent of the moisture and 
ash-free coal being converted to liquids 
and gases; the yield of liquid products 
amounted to 96 percent of the paste feed. 
Sulfur content of the oil was as low as 0.2 
percent. These results confirm the techni- 
cal feasibility of converting coal to low-sul- 
fur utility fuels compatible with air pollu- 
tion regulations. 


Coke research during 1970 continued to 
emphasize the use of coals not presently 
used in coke-making, coals of marginal 
coking quality, and western coals for mak- 
ing metallurgical-grade cokes. At the 
Grand Forks Coal Research Laboratory, 
five high-volatile western coals presently 
used in commercial coke-making are being 
investigated. All five coals require the ad- 
dition of low- and medium-volatile coals to 
produce a metallurgical-grade coke. Studies 
completed on two of these coals show that 
char produced from the parent coal is in 
some cases an acceptable substitute for ex- 
pensive blending coals, At Pittsburgh, the 
addition of coal breeze to a coal-char mix- 
ture resulted in a stronger coke than that 
produced from a blend containing low-vol- 
atile coal. ö 


During the year, plans were completed 
between the Bureau of Mines and a major 
American coal- producing company to re- 
store a coal mine refuse dump using tech- 
niques developed at the Morgantown En- 
ergy Research Center. The site chosen for 
the cooperative project is near Cassville, 
Monongalia County, W. Va. Flyash, itself a 
major waste product, is used to neutralize 
the acidic components in the soil and to 
act as a soil conditioner as well. 
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Table 3.—Annual average unit heat value of bituminous coal and lignite 
produced and consumed in the United States, 1955-1970 1 


(Btu per pound) 


Total production Domestic consumption 


Year 

Thousand Trillion Average Btu Thousand Trillion Average Btu 

short tons Btu per pound short tons Btu per pound 
1955 464 ,633 12,080 13,000 423,412 10,940 12,920 
1956 500,874 13,013 12,990 432,858 11,142 12,870 
1957 492,704 12,800 12,990 413,668 10,640 12,860 
1958 410,446 10,663 12,990 366,703 9,366 12,770 
1959 412,028 10,581 12,840 366,256 9,332 12,740 
1960 415,512 10,662 12,830 380,429 9,693 12,740 
1961 402,977 10,308 12,790 374,405 9,502 12,690 
1962 422,149 10,782 12,790 387,774 9,826 12,670 
1963 458,928 11,712 12,760 409,225 10,353 12,650 
1964 486,998 12,418 12,750 431,116 10,899 12,640 
1965 512,088. 13,017 12,710 459,164 11,580 12,610 
1966 533,881 13,507 12,650 486,266 12,205 12,550 
1967 552, 626 13,904 12,580 480,416 11,981 12,470 
1968 545,245 13,664 12,530 498,830 12,401 12,430 
1969 560,505 13,957 12,450 507,275 12,509 12,330 
1970 602,932 15,001 12,440 517,158 12,708 12,290 


1 Prior to 1970, the average heat content of the annual output of bituminous coal and lignite was measured 
at 13,100 Btu per pound. This value was based on an estimate made in 1949. (Wynn, Jr., George J. Average 
Heating Values of American Coals by Rank and by States. BuMines Inf. Circ. 7538, 1949. 11 pp.) In recent 

ears this heat value has not been representative of the average unit heat value of the total annual coal supply 
Zeie of the large annual increases in utilization of coal of lower heat values by the electric utility industry. 
The annual production values shown in this table are weighted averages of known and estimated Btu values 
of coal shipments to each major consuming sector. They include, for example, the Btu value of coal consumed 
at electric utility generating plants as reported to the Federal Power Commission and compiled by the National 
Coal Association. Currently, electric utility plants account for 65 percent of total domestic coal consumption. 
The averages for United States consumption exclude shipments overseas and to Canada, the preponderance of 
which is of high-Btu-value metallurgical coal, thus accounting for the difference in values between total pro- 


duction and domestic consumption. 
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Table 5.—Production of bituminous coal and lignite in the United States, 
with estimates by weeks 


(Thousand short tons) 


1969 1970 
Week ended— Maximum Average Week ended— Maximum Average 
Production number of production Production number of production 
working per working working per working 
ys day ays day 
Jan. 4____ 4,551 19 21,517  Jan.3......... 2,735 12 21,368 
Jan. 11........ 10,826 6 ,8 Jan. 10........ ,982 6 1,564 
an. 18........ 11,400 6 1,900 Jan. 17........ 11,550 6 1,925 
Jan. 25 10,922 6 1,820 Jan. 24. , 853 6 1,808 
Feb. 1........ 10,891 6 1,815  Jan.31.......- 12,165 6 2,028 
Feb. 8 11,038 6 1,840 Feb. 7..Q. 11,096 6 1,849 
Feb. 15. 11,229 6 1,872 Feb. 14. 11,885 6 1,981 
Feb. 22 0,821 6 1,84 Feb. 21. 11,722 6 1,9 

Mar. 11 218 6 1,536 Feb. 28. 12,375 6 2, 063 
Mar. 8. 7,893 6 1,816 Mar. 7 11, 562 6 1.927 
Mar. 15. 10, 196 6 1,699 Mar. 14. 12, 125 6 2,021 
Mar. 22 12, 020 6 2,0083 Mar. 21 12,285 6 2,048 
Mar. 29....... 11,733 6 1,956 Mar. 28 12,250 6 2,042 
Apr. 5. 9,994 5.3 1,886 pr.4......-. 10,746 5.3 2,027 
Apr. 12 10,791 6 1.799 Apr. 111 12,195 6 2,033 
Apr. 199. 11,269 6 1,878 Apr. 18 11,650 6 1,942 
APT. 28 11.451 6 1. 909 apr 25. 11.795 6 1,963 
May 3 11,451 6 1,909 OY 2 l L ZS 10,854 6 1,809 
May 10....... 11,380 6 1,897  May9........ 11,556 6 1,926 
May 17. 1,431 6 1,905 May 16....... 11,598 6 1,933 
ay 24. . 11.617 6 1.936 May 233 11,782 6 1,963 
May 31....... 9,929 5.1 1,947 May 30 11,674 5.1 2,289 
June 7... 11,723 6 1,954  June6........ 11,668 6 1,945 
June 144. 10,090 6 1,682 June 13. 12,042 6 2,007 
June 211 9,92 6 1,654 June 200 11.970 6 1. 995 
June 28. 11,325 6 1,888  June27....... 10,683 6 1,781 
July Rb ,612 1.9 2,427 July 4 6,845 2 3,423 
July 12 4,995 2.2 2,270 July 11........ i 2.2 2,957 
July 19. 9,253 4.3 2,152 July 18........ 10,706 4.3 2,490 
July 26........ 9,752 5.8 1,840 July 25........ 10,610 6 1,768 
Aug. 2 11,577 6 1,930 Aug. 111 10,616 6 1,769 
Aug. 9 11,693 6 1,949 .Aug.8........ 11,984 6 1,998 
Aug. 16. 11,521 6 1,920 Aug. 15. 12,595 6 2,099 
Aug.28....... 10,675 6 1,779 Aug. 22 12, 104 6 2,018 
Aug. 30. 11. 406 6 1,901 Aug. 29 12, 866 6 2,061 
Sept. 6........ ,84 5 1,970 Sept. Bb 12,630 6 2,105 
Sept. 18. 11,632 6 1,939 Sept. 12....... 11,395 5 2,279 
Sept. 20_______ , 839 6 1,973 Sept. 19. 12,664 6 2,111 
Sept. 27_______ 11,930 6 1,988 Sept. 26......- 12,706 6 2,118 
Oet. 4 , 658 6 1,943  Oct.3......... 2,265 6 2,044 
Oct. I 12,086 6 2,014 Oct. 10........ 12,852 6 2,142 
Oct. 18........ 11,567 6 1,928 Oct. 17. 12,613 6 2,108 
Oct. 25.......- 11,874 6 1,979 Oct. 24. 12,474 6 2,079 
Nov. 1........ 11,869 6 1,978 Oct. 31........ 12,605 6 2,101 
Nov. 8.......- 11,607 6 1,935 Nov. 7 12,886 6 2,147 
Nov. 15....... 10,670 5.3 2,013 Nov. 14. 11,869 5.3 2,240 
Nov. 22 11,678 6 1,946 Nov. 211 13,205 6 2,201 
Nov. 29....... 10,579 5 2,116 Nov. 28 10,723 5 2,145 
Dec. 6........ 12,499 6 2,083 Dec. 5........ 13,192 6 2,198 
Dec. 119. 12,333 6 2,056 Dec. 12 11.792 6 1. 965 
Dec. 20. 12, 056 6 2,009 Dec. 19. 13,235 6 2,206 
Dec. 27. ,261 4.5 1,836  Dec.26....... 9,075 4.5 2,017 
an. 3 5,922 13 21,974 Jan. 2 8,223 14 2, 056 
Total... 560, 505 295.9 1,894 Total... 602, 932 296.7 2,032 


1 Figures represent out put and number of working days in that part of week included in calendar year shown. 
2 Average daily ove 


3 Data may not ad 


ut for the working days in the calendar year shown. 
to total shown because of independent rounding. 
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Table 9.—Production of bituminous coal and lignite in the United States, in 1970, 
by districts, and by underground, strip, and auger mining 
(Thousand short tons) 


District Underground 

1. Pennsylvania eastern 22,859 
2. Pennsylvania, western............. 84,678 
8. out irginia, northern 84,180 
r eeu 18,111 
5. PER dis a eee 8,466 
6. Southern Numbered 1............. 33,293 
7. Southern Numbered 2............- 113,229 
8. West Kentucky... 19,367 
9. Illinois.. erer eet ie ed roce 32,093 
T0. Indiana____ ca yt is 2,094 
IL IOWR--- a a ee LE 423 
12. Southeastern. ...................- 10,019 
13. Arkansas-Oklahoma..............- 270 
14. South western 
15. Northern Coloradoooo——— 581 
16. Southern Colorado 4,215 
17. New Mexico- eee eee ooo... 
18. Wvominp. . . . 118 
rl! ls 4, 733 
20. Nn e cocidas ë ume 
21. Montana. ___-_--____--_-_------ 28 
22. Washington 32 
Total. A 338 , 788 


Strip Auger Total 
21,124 661 44, 644 
5,749 119 40,546 
8,784 180 43,143 
35,818 1,422 55,851 
348 . >ü ......- 8,814 
4,747 987 89,027 
34,628 16,198 164,056 
33,131 305 52,803 
33,02 65,119 
20,169 . |  .....-. 22,263 
566535 987 
12, 094 149 22, 262 
617 895 
1,874 | | ...---- 7,874 
MA tee 581 
2,167 | mesita 6,382 
6,556 | | | ......- 6,556 
7,105  ------- 1,222 
7) E 4,783 
5,639 | | ......- 5,639 
3,49 3,447 
55444 586 
244,117 20,027 602 , 982 


1 Data may not add to totals shown because of independent rounding. 


MINERALS YEARBOOK, 1970 


342 


88 39 SSL 096 1 L26‘00T 618 619'99 969'2 9[9'Z  ZET"L 268 691 09 29'S 061 991 699'9 882 888 686°C ~~~ IVIL 
AR pe E LEE Y 8 1 VIT L Eo fea DE TT II SIT ^" SLL 7 Zumo 
01 6 991 20 881508 IIS 588 OS 60L 5799 97872 83.89 579 ZE. 169 67 83L VIP OTT 8PL `` BYULBITA 180 M 
A CCG deser te o8 9T ë 7 AS ME. 28 8 ----uo33UIq$89 M 
03 9 031 191 Sv6'9 99 069 6 289 029 999 1 60 j OT 78 UA 560 ST 062 T 810 86 999 2277777" BJUIBITA 
FFF 86 51 828 ol 0 OT 61 606 128 € Oé 06 00€. € 881 P 02 rl yen 
99 ` g 61 918 ST 1092 III 56 2998 68 98 TIS € 871 098 P  9TI `` `  SOBSQUUO L 
Ww. 8383 T66 TLS 856 1 at 897 Y 821 LST 61611 VIT 9 27 791 LLU L SLT 288 S9 861 ~~ eruealAsaued 
vo )) ELEC EK CL cR GIO .. «7 AA ud een 612 8 ons 
| EE 11 77777 081 2398 ¿9 611 91 28 — 5 929 01 Lë 28 ggg‘ 7777 III 81 PP ono 
. ES 8 8 J ĩ ð 2 esse AE 886 m 777 C 866 1 `D] MON 
3 F Bo A A 82 8 | 11 u ses Y L 88 ^ 86 Y Duro 
CG US L ROG C S 96 GU o ^7 99 TT 91 811 “> 886, 91 55 bunu 
6.. 8$ 62. 888 Ser 18 265 917 18 216 988 898 961•11 69 918 86 D eeng 01989 5011 Áxon3us y 
) DM DE 193. T OLT Š ó % 92 9 88 .. €Y 8 . "Bot 
322. T 08 869 T ZI 98 7 . 189 86 LT 899, J * 560.3 9 ________, BUBypuy 
FF 881 966 81 99 589 8 OI 86 0 OTS 81 T93 vg 899 9T ^" $60 38 82 > `  SIOUI[II 
% ev; | 92 $ LLT OF % > >— 980'8 81 2 GSL T6 898 8 OF a Mag KCL, 
1 323 ae 19 9 6 0 757777 6 9 | S 12 G - x n ERSTEN 
v ë 8 GP 00 J 25 1863 29 te 0O 07T LO 96 88 888 8 T 806 28 ^ 2 ke MÄ 
uotssno uotssno A414 An 
-~ad ÁlBjOH  -Jeg Ammyy und JequnN aurud Jequnn silup Əutqə — seupqo 
—  1eA^od suno seu -gu -8u pos 
pəzunou 4sod Zursn 2 -8u Jed Zufaans An wol 
som 19430 Zoo 300 əllqo]N Pue ploqpusH souu jqpgA42uo[ Zomm yndyno (Isoojo usnd 4048 uoj} souu JO 92818 
jo 4A snonut4 eZ€leAy IəqumN pue -onpolg Jequinn 
STIHD 32041 Jo JOOY emp [809 10 60 JequnN pəur -uoo Aq puse 
peur seupqoSur Aq n Aq mo 
uopjonpodd pug emp d õοnd jo 1equmN 
(suo3 Vote puesnoy,L) 


zeig Aq wer UI eis Gomm ou ur sourur ojruSi[ pue [eoo snourumjiq 103 ejep əurur puno:š:əpur)—'0I QLL 


343 


COAL—BITUMINOUS AND LIGNITE 


L°6L1'T Z10'S 099 008 891 ˙9 899 5 651 89 088 1 250 2 08 581 e ere TES 1830.L 
UI Woes 88 e / );; te ee CMM A ͤ ãꝗð vd e C SM MN Zumo M 
8718 926 T 961 02 081: 102 I 661 08 082 798 9 SZ 08 re BIUISIIA 389 M 
JJ ĩ d ICM CR LE MC cM DT E os 5! ee) CDM > OG 8 ̃ AA 
67831 808 LI OF 966 898'T 968.2 OLT 82S q 91 091 . Sai S 
CRU 39 7777777 8 601 6 968 L TT ST I g 8L )) 8 Ara 
3.81 v6 Áo 99 69 818 89 Ip ve L GL -------------------- ` C Əəossəuuər, 
9 661 299 81 L6 eIO'T 281 81051 986 931 q 09 SiG. ANS srueA|Asuuad 
CR: 2 te, ee 2 Bb. IATA mu tege Mee ; OS, sous 
0'8} 2“! 77777 9% 816 T 5862 TT 88 77 01 VdV AN ADA ono 
678 T OJ s eee, eet cue OS ss as | AA J ĩ ß IS ee E ed Leed A MƏN 
———— — — — ------- 9 A leg AA. “Hee aes) PESCA sp v -77777-7---(snoutumjiq) BUBJUO wW 
ot L 08 — 1.511 ^ Y c 8 08 8 h Z 5 =-------------------- M DUSLA/ Iw 
01 888 008 121 089 183'1 809 9 392 188 81 OF 222 s Tongue 

an O oe 9 77777777 FEI dE A S D | E ogee g WI WWE O o 
Se G EE EE Seege CSS EE, E EES JJC... ͤ v Decente sha 
8 Lët 98 "rt 21 STs gy LIS 86 68 01 09 SOU 
6.9 18 1 8 SIE 7777777 LTC 68 777777 91 UU PDC OCURRE eee es oploop 
9. J) y 8 TI..." OSAN psc imr ß pp T TIE TE SUSUCXIV 
8 82 L9 cec De s LSt 77777 898 7 89 GE. —— 1 Savarese: SARA 6 8 eurequiv 

[991 peat? 194730 
sN syn Á1e339g 9148) Reeg KN Tey pen PS "v Kaen Allos. 
Satz äng ` —ͥ  —— — 2. ᷑ A  -J9qqni 91838 
g1oÁəAuoo ə3s[n su əl33nus *gJo|TIeA],  *S10Y98JL 
pus 3uL19y385) 81982 e|33nqg 8190 IUL SOAI40UIOOO'] 


eis Áq ‘OLGI ut eig fo ay) ur Supu punojSispum aun pue [eoo snourumjmq ur osn ur nun oSemeH-—'IT[ QEL 


344 MINERALS YEARBOOK, 1970 


Table 12.—Method of haulage at bituminous coal and lignite underground mines 
in the United States, in 1970, by States 


(Thousand short tons) 


Production from mines 


State Reporting rubbe orting Reporting With Not 
rail mine r-tired shuttle conveyor reporting Total 
cars mino cars buggies haulage type of 
only haulage 
Alabama. ............... r artis 4,358 118 9,078 
Arkansas J)»! A APA 
Colorado 1,91 8 2 878 1,187 3,858 
Illinois... seats 446. arica 8 27,257 32,093 
Indiana MD. .2c22 AA 1:909 EE , 094 
IJJJ/JĩÄwf ðê?tꝶd ff eras. Gwesciecss. W..... 8 423 
Kentuck / 16, 485 5, 887 2, 997 25, 046 12, 195 62, 610 
Maryland............... 
Montana (bituminous).... %½%õͤͤ ³»W8AA. Ä 0m O ĩͤ 28 
New MEXICO. ↄ ff!!! 8 988  .......... 938 
Ohio ĩðÄ eo ee es 11,430 1 4,348 2,323 18,111 
Oklahoma: de eet, d y hdd . cece 1711 cule 219 
Pennsylvania 83,048 64 15 20,096 2,159 55,382 
Tennessee 1,134 244 35 2, 188 749 4,350 
LD "EE 3,061 R 845 1737 4, 
Virginia.....------------ 7,478 5,305 21 14,517 697 28,018 
Washington | )J eee ee asis 82 
West Virginia 79,556 2,132 849 32,286 1,591 116,414 
Wyoming 7 ³˙ A sauna 110 7 118 


ell!!! 168,753 13,734 ` 8,965 135,136 22,200 338,788 
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Table 15.—Number and production of underground bituminous coal and lignite 
mines using gathering and haulage conveyors, and number and length of units in use, 
in the United States, by States 1 


Number Production Number Average Total 
of mines (thousand of units length length 
State short tons) in use (feet) (miles) 


A DmK— — — rs HAMM K 9  £K c cel _sa y l l 2y 12)  I<)IUJLIIISlssIEE sm si 


1969 1970 1969 1970 1969 1970 1969 1970 1969 1970 


— 


Alabama 7 6 3,889 4,369 84 67 2,076 1,836 33.0 23.3 
Arkansas 1 1 25 6 2 2 1,500 1,500 6 6 
Colorado. ....... 6 11 1,961 1,908 27 31 2.163 1,172 11.1 6.9 
Illinois 20 23 29,668 30,755 204 246 2,478 2,743 95.7 127.8 
Indiana 2 1 1,838 13 2,600 5,400 6.4 9.2 
Kentucky........ 84 5 39,885 33,230 436 338 1.807 1,881 149.2 120.4 
Maryland 4 4 96 35 7 1.057 928 1.4 1.2 
New Mexico 1 1 882 938 6 8 2,550 2,550 2.9 3.9 
Goo 19 19 15,914 17,697 108 107 1,954 2,121 40.0 43.0 
Oklahoma 2 2 115 219 2 8 500 1,625 2 2.5 
Pennsylvania 109 96 36,925 35, 100 574 562 1,896 1.875 206.1 199. 6 
Tennessee 9 6 2,163 2,280 40 24 2,739 3,003 20.8 13.7 
Utah. 12 13 4,084 5,186 45 65 1,897 1,287 11.9 15.8 
Virginia 40 44 18,598 18,256 232 308 2,179 2,209 95.7 128.9 
West Virginia 317 284 95,424 89,639 1,318 1,226 1,810 2,075 450.1 481.8 
Wyoming 1 1 122 110 4 4 1.500 1,500 1.1 1.1 


Total. 634 587 250,584 241,737 3,097 3,012 1,920 2,068 1,126.2 1,179.7 


1 Includes all mines using belt conveyors, 500 feet long or more for transporting coal underground. Excludes 
mainslope conveyors. 
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Table 19.—Bituminous coal and lignite strip mines using power drills in bank 
or overburden in the United States, by States 


Production Number of power drills 
Number 
oí mines Quantity 
State (thousand Horizontal Vertical Total 


short tons) 


— ————— ee — ———— — d 


1969 1970 1969 1970 1969 1970 1969 1970 1969 1970 


Alabama 47 51 7,169 7,173 5 7 48 50 58 57 
Alaska... . . eee iR 8 3 667 549 1 1 3 3 4 4 
Arizona See E 1322 . Ee 2 ieu 2 
Arkansas 4 160 194 1 1 3 4 4 5 
Colorado 7 7 1. 905 2, 165 2 2 7 9 9 11 
Illinois.. u: 27 26 32,199 32,750 19 21 22 27 41 48 
Indiana 24 25 17, 823 18,241 9 9 33 36 42 45 
[fo o; EM 9 9 432 544 8 8 11 9 19 17 
Kansas 4 5 1,313 1,627 7 9 1 1 8 10 
Kentucky: 
Eastern. . 57 65 6,122 6,182 27 30 42 45 69 76 
Western 31 30 22,718 24,099 11 12 47 48 58 60 
Total........... 88 95 28,835 30,281 88 42 89 93 127 135 
Maryland............. 10 8 52 50 2 2 5 4 
Missouri.............- 8 9 3,299 4,447 10 9 5 6 15 15 
Montana: 
Bituminous........ 2 2 166 8,096  ... are 2 4 2 4 
Lignite. ........... 1 5 rA 1 e ee Ls 1 E 
Total 3 2 167 3,096 1 oe 2 4 3 4 
New Mexico... 2 2 3,628 6,406 1 2 3 1 4 3 
North Dakota (lignite) _- 1 1 1 1 Es 1 1 2 
Orina Data 106 101 25,490 30,589 33 43 106 99 139 142 
Oklahoma 5 6 1,048 2,197 4 7 8 6 12 13 
Pennsylvania 214 225 13,348 14,467 46 40 134 138 180 178 
Tennessee. ............ 30 44 2,050 2,160 18 22 25 81 43 53 
Virginia 17 19 1.610 2,247 7 7 21 24 28 31 
West Virginia 140 118 11.434 11,710 44 39 94 95 138 134 
Wyoming 5 5 2,400 4,492 5 4 6 6 11 10 
Total... ----..... 754 767 155,530 175,974 262 276 626 649 888 925 
Table 20.—Equipment used at bituminous coal and lignite auger mines 
in the United States, in 1970, number of units 
State Augers Power Power Bull- Front-end Power Motor 
shovels drills dozers loaders brooms graders 
Alabama 2 ee a 2 = EL Ve 
Kentucky... 213 17 8 59 8 eS 1 
Maryland................- 7 Ee Ge 1 1 Ss me 
ee 45 1 DS 11 7 "S 2 
Oklahoma 1 = ae NS Se 8 z 
Pennsylvania 48 3 5 3 3 2s S 
enn esse 7 1 = 4 1 Béi 1 
Virginia 85 ae 3 73 14 a 2 
West Virginia 154 2 23 151 48 2 5 
Nota ¿u 562 24 39 804 77 ze 11 
Table 21.—Bituminous coal and lignite mechanically loaded underground 
in the United States, by type of loading equipment 
(Thousand short tons) 
Type of loading equipment 1969 1970 
Mobile loading machines: 
Direct into mine cars or onto conveyors___.______-.--__---_------- 22,178 23,308 
Into shuttle cars_______ 8 133,222 128,073 
Continuous-mining machines: 
e ß rra 17,574 13,871 
Into shuttle cars or rubber-tired mine cars 125,943 128,214 
Onto: bottom - ula ͥ kms a 29,125 27,810 
Longwall machine... 6,344 7,132 
Duckbills, scraper loaders, hand-loaded conveyors- --------------------- 1,046 784 
Total mechanically loaded II 335,431 329,189 


1 Data may not add to totals shown because of independent rounding. 
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1 Includes Arizona, Iowa, 


2 Data may not ad 


Maryland, Montana, and North Dakota. 
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Table 24.—Production at bituminous coal and lignite underground mines 
in the United States, by States and methods of loading 
(Thousand short tons) 
Hand-loaded Mechanically loaded Total underground 
State production 
1969 1970 1969 1970 1969 1970 
Alabama. 188 109 9,098 8,969 9,287 9,078 
ATKENSAS 2 A ³ 6 51 61 51 
Colorado... 8 12 11 8,608 8,847 8,615 8,858 
Ines koe es 9. sul 80,079 32,093 80,082 32,093 
AA mag 8 2,110 2,094 2,110 2,094 
19999999. 366 421 368 423 
Kentucky. ee 6, 048 5, 076 58, 288 57, 534 64, 336 62, 610 
Maryland __ ---.-.------------ 82 4 240 198 322 238 
Missouri Err Sedese ĩ SA 1 
Montang azza b eusa 33 28 35 28 
New Mexico 4- uec 832 938 836 988 
ö at 144 61 18,481 18,050 18,625 18,111 
Oklahomā: Ae ⁰⁰⁰⁰ Geaa 115 219 115 219 
Pennsylvania 257 149 55,782 55,233 56,039 55,382 
Tennesse 423 161 4,050 4,189 4,473 4,350 
Utah e aa eae os 5 13 4,652 4,720 4,657 4,733 
ill do ceo 2,420 1,998 27,958 26,020 30,373 28,018 
Washington 32 58 32 
West Virginia 2,111 1,974 119,512 114,440 121,623 116,414 
WYOMING uD cora ete. “ica. ace 1 118 122 118 
Tot!!! . 11,700 9,599 335,430 329,189 347,132 338,788 
1 Data may not add to totals shown because of independent rounding. 
Table 25.—Mechanical cleaning at bituminous coal and lignite mines in the 
United States, in 1970, by States 
(Thousand short tons) 
Mechanical cleaning 
Total 
State production Number of Cleaned 
cleaning Raw coal coal Refuse 
plants 
Aab 8 20, 560 22 21, 382 13,223 8,158 
A A ĩ˙ wm Isu Da 549 2 91 58 34 
Arkansas 268 29 27 2 
e, 6,025 2,336 2,029 307 
ee 65,119 39 64,134 51,151 12,988 
Indiana..............-.......-.- 22,263 12 22,924 17,711 ,214 
CUL EC 1,627 3 2,374 1,621 758 
Kentucky.....................- 125,305 49 51,290 40,094 11,195 
Missouri 447 4 815 „036 780 
New Mexico 7,361 1 1,168 930 239 
/ A as 55,351 18 540 14,528 5,012 
Oklahoma. ee e 2,427 4 798 447 351 
Pennsylvania. .................. 80,491 74 68,201 51,284 16,917 
Tennessee 8,237 4 1,961 1,533 429 
C7700 ͤ ͤ ͤÄ te cewsue 4,733 7 4,002 3,434 568 
Virginia -..-------------------- 85,016 88 27,247 20,978 6,270 
Washington 37 2 69 32 37 
West Virginia 144,072 136 136,166 102,259 33,908 
Wyoming 7,222 1 
Other States 11. 11. 820 „%% TFC . | et 
!! ³o˙·¹aA ua 602, 932 415 426, 606 323,452 103,159 
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Table 26.—Mechanical cleaning of bituminous coal and lignite in the 
United States, by types of equipment 


(Thousand short tons) 


Type of equipment 1969 1970 
Wet methods: 

/ NA 155,027 140,457 
Concentrating tables 45,328 44,058 
Classifiers oc ocu ͤͥͥ 7mm ] Ü. y 8 3,401 3, 598 
F ·˙²—ũ ³]ꝗͥͥͥͥ ͤ ͥ cR dE mc e ͤ . E eee 4, 644 5, 199 

Dense medium processes: 
MAF. A 2s E Su 71,701 76,590 
A A 8 e A AT ONT Pie oe 24,023 23,290 
Calcium chloride. _  ..ooooocococcccococccccoocooconoonoooo... 1,911 1,714 
Totali Sot oe et ⁵⅛ĩ n Mu aM . Su Sumu S 97,636 101,598 
O Eelere y 2 2 9,560 10,694 
Total, wet methods lll 815,596 805,594 
Pneumatic methods 19,163 17,855 
Grand total oe cun L o a eke a us s 334,761 323,452 


1 Data may not add to totals shown because of independent rounding. 


Table 27.—Mechanical cleaning at bituminous coal and lignite mines in the 
United States, in 1970, by States and by underground, strip, and auger mining 


(Thousand short tons) 


Underground mines Strip mines Auger mines Total, all mines 1 
State Total Total Total Total 
produc- Cleaned produc- Cleaned produc- Cleaned produc- Cleaned 
tion tion tion tion 
Alabama 9,078 8,782 11,339 4,490 143 ....... 20,560 13,223 
IE.. inca” bk 549 Ëer (äere 549 58 
3 Bly s cols 217 9 2o 268 27 
Colorado 3,858 1,999 2,167 GG; sobe 6,025 2,029 
Illinois. ................. 82,09 22,841 33,026 28,310 ....... ooo... 65,11 51,151 
Indiana................- i 1.384 20,169 16,827 ....... ooo... 22,263 17,711 
Kansas ocasionados alada v 1,627 1562111 zo9wx 1,627 à 

Kentucky. // 62,610 26,161 52,886 13,932 9,859 ......- 125,305 40,094 
TT ias e x ique mes 4,447 USO. uni os : 2,036 
New Mexico............. 938 930 ER A WEEN 7,861 930 
CCG 18,111 11.592 35,818 2, 707 1, 422 229 55,351 14,528 
Oklahoma N 219 219 2,201 220 7 7 2,427 447 
Pennsylvania 55,382 41,981 24,447 9,261 661 42 80,491 51,284 
Tennesse 4,350 1,494 3,729 39 197 2221225. 8,237 1,5393 
Utah- ege ⁵rq e uu x 4,733 %% ͥ WWW Tk ld 4,733 3,434 
Virginia 28,018 20, 793 5,108 93 1,895 93 35,016 20,978 
Washington 2 32 BS suas, i! x Net 37 32 
West Virginia 116,414 93,358 21,885 7,548 5,772 1,858 144,072 102,259 
Wyoming . 118 77 ; 7,222 77 
Other States ee 68999 11,021 ....... lil 1: 11,820 es 

Total 2.__ ett 838,788 285,022 244,117 86,699 20,027 1,729 602,932 323,452 


1 Includes Arizona, Iowa, Maryland, Montana, and North Dakota. 
2 Data may not add to totals shown because of independent rounding. 
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Table 28.—Mechanical crushing of bituminous coal and lignite at mines in the 
United States, by States 


Number of plants Coal crushed 
State crushing coal (thousand short tons) 
1969 1970 1969 1970 
Alabama...........-..-...-- 22 26 7,865 7,888 
Alaska 3 3 667 670 
Arkansas 6 4 206 178 
Colorado 34 28 8,496 8,450 
Illinois 56 50 41,291 41. 035 
Indiana 26 21 13, 632 13, 600 
e TEEN 12 11 757 838 
Kang de deg 1 1 250 250 
Kentucky. .................. 187 145 48 ,122 43,070 
Maryland..................- 9 12 594 1 
A o %⅛¼⁵ũuw 8 7 8 2,874 2,896 
Montana: 
Bituminou s 10 6 710 845 
Lignite.................- 2 2 806 200 
Totál uuu L us cesses 12 8 1,016 1,045 
exico......-..-..-.-.. 4 4 4,464 4,456 
North Dakota (lignite 15 14 , 54 4,567 
;;; rocas 95 98 26,128 26,106 
Oklahoma. .................. 5 6 1,520 $ 
Pennsylvania 163 154 37,348 36,950 
Tennessee 43 43 4,072 8,935 
D!; 14 14 1, 605 1,595 
Virginia 54 65 16,189 16,056 
Washington 3 2 1 
West Virginia 217 225 51.227 50, 967 
Wyoming 8 11 2,477 2,422 
Total: cons dona ass 946 953 265,353 264,182 


Table 29.—Thermal drying of bituminous coal and lignite in the United States, 


by type of drying equipment 


Number of thermal 


Thermall 


dried 


Type of drier drying units (thousand short tons) 
1969 1970 1969 1970 
Fluidized-bed. ..................- 80 75 40,639 42,595 
Multilouver....................- 29 24 10,067 „554 
¡AAA 8 5 4 204 876 
Sereen___... .. ..............-.-.- 25 16 5,100 4,806 
Suspension or flag 85 29 7,981 5,410 
Vertical tray and cascade......... 18 15 2,69 1,924 
Total.-o222222229 RES ERI 192 163 61,082 64,165 
Table 30.—Comparison of thermal drying of bituminous coal and lignite 
with mechanical cleaning at mines in the United States, by States 
(Thousand short tons) 
Number of cleaning plants Production 
—— F -n mechanically Thermally 
State Total With thermal cleaned dried 
drying 
1969 1970 1969 1970 1969 1970 1969 1970 
Colorado 4 3 1 1,701 2,029 55 648 
Ilinola........ e sr 43 39 21 16 54,911 51,151 10,717 10,129 
Indiana................- 11 12 4 9 16,570 17,711 1,818 1,942 
Kentucky..............- 52 49 10 9 47,149 40, 094 3,529 3,296 
North Dakota (lignite).... ... Sif 2 2 ich ot. aries 112 199 
FCC 19 18 6 6 15, 567 14, 528 4,212 3, 555 
Pennsylvania. ........... 77 74 10 9 50, 755 51,284 4,547 6,143 
Utah l AA 6 7 2 8,157 ,43 715 1,120 
Virginia 33 33 8 10 21,17 20,978 10,121 8,589 
West Virginia 143 136 55 58 106,297 102,259 30,764 ,044 
Other states 47 44 NR ENS 17,478 19.984 - iu. .  ------- 
Total. nesesito cóo 435 415 119 111 334,761 323,452 67,082 64,165 
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Table 31.—Thermal drying of bituminous coal and lignite at mines in the United States, 
by States 


(Thousand short tons) 


Number of Grand total Thermally 
iste thermal drying production dried 

1969 1970 1969 1970 1969 1970 
Colorado. .........-...... lll... lll. 1 5,530 6,025 552 648 
Mr 8 39 24 64,722 65,119 10,717 10,129 
Indiana] asias a 5 4 20,086 22,263 1,813 1,942 
Kentucky 2< 2 ß sanas 18 12 109 ,049 125 ,805 8,529 8,296 
Row Dakota (ligniteꝛꝛꝛ 2 2 7 „639 112 199 
DIE ĩiXdç⅛i ; 8 13 13 51,242 55,351 4,212 8,555 
Penna venia. EE 11 11 78,631 80,491 4,547 6,143 
Ree 2 2 4,657 4,733 715 1,120 
Miiller ³ðW¹ꝛ 19 23 35, 555 35,016 10,121 8,589 
West Virginia...............-.......... 82 71 141,011 144,072 80, 764 28,544 
Other ste uer EREMO RS SES on 45, ,817 58,918 / asias 
Total. cata lo ot 192 163 1 560, 505 602, 932 67, 082 64, 165 


! Data may not add to total shown because of independent rounding. 


Table 32.—Bituminous coal and lignite loaded for shipment by railroads and 
by waterways in the United States, in 1970, as reported by mine operators 


(Thousand short tons) 


Total 
Route State By State for route 
RAILROAD 
AAA a bi ASK 457 457 
Atchison, Topeka & Santa Fe..................- Manon PL aie Ó— j 207 1.640 
ew Mexico ; ; 
Illinois.._. 88 449 
Baltimore & Ohio. ............................ Gi EE 10,116 32.752 
West Virginie „„ 2,679 , 
West Virginia............ 19,508 
Bessemer & Lake Erie Pennsylvania 2,002 2,002 
Illinois. ................- 10,788 
17% uie 238 
Burlington Northern METAS (bituminous and 9 19.268 
ignilo).. . . . : Í 
North Dakota (lignite).... 2,754 
Wyoming...............- 2,072 
Cambr d Indiana 117 NL C a EL cr A ail AE ES 2 P 2 881 
arbon County. ..----------------------0meMoMO 7)! ee ees 
Kentucky 18,838 
Chesapeake & Ohio...........................- Jao E e 59 713 
de Al EE , 
West Virginia 40, 820 
Cheswick & Harmar..........................- Pennsylvania 174 174 
Chicago & Eastern Uiinots -------------- (indian te S n ) 5.455 
ndiana...............-- ; , 
Chicago & Illinois Midland. ...................- Illinois 1,880 1,880 
Chicago, Milwaukee, St. Paul & Pacific.......... Indiana. 3,861 8,861 
Chicago € North Western Ines RUE unosi Succ. ce 1,7 d 1.763 
9G AA , 
Chicago, Rock Island & Pacific.................. nos FT 1. A 1.794 
OWS y , 
ERT, BEE Kentucky 639 4.812 
Virginia 4,178 : 
Colorado € Wyoming Colorado 602 602 
Denver & Rio Grande Western 5 e BEE 3,756 | 5.808 
Utah oie susct. 2,052 , 
Erie-Lackaeanng lll... ODIO AA A ass 174 174 
nus up os Wi ELE 48 ee Sech ee 5,936 
;/ ⁰ / A ĩð / » SSS su Sis i 
Kentucky FF 12,749 j 21,621 
rs MAMI Virginia 4, 626 4, 626 
Kansas City Southern Missouri 1,045 1.421 
Oklahoma..............- 876 , 
Kentucky & Tennessee... .....................- Kentucky. ...........-..- 407 407 
Lake Erie, Franklin & & Clarion Pennsylvania 368 368 


See footnotes at end of table. 
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Table 32.—Bituminous coal and lignite loaded for shipment, by railroads and 
by waterways in the United States, in 1970, as reported by mine operators—Continued 


(Thousand short tons) 
Total 
Route State By State for route 
RAILROAD—Continued 
Alabama...............- 2,298 
Louisville & Nashville.........................- Kentucky. 7ʒ / 49,281 46,345 
Tennessee 579 
Virginia___ 8 287 
Mary e ß aE Alabama. ..-------------- 928 928 
Kansas. 1,165 
Missouri-Kansas- Texas Missouri 458 1, 856 
Oklahoma..............- 233 
Arkansas 237 
Missouri Pacific..............................- Ilinois.................. 5,439 5.701 
Missouri...............- 8 , 
Oklahoma. 17 
Monongahelal aa West Virginia 7,802 7,802 
IG ð ĩ⁊ 7 
Kentucky 77 11,724 
Norfolk & Western. ............... 5 TT WEE 3 78.200 
i.. A 1,296 , 
Virginia 20, 694 
West Virginia 38,102 
Penn Central (includes coal shippea over Kanawha |Illinois.................. ,940 
& Michigan, Kelley's Creek, Toledo € Ohio Cen- |Indiana................. 9,262 
tral, and Zanesville & Western- A A 11,756 50,967 
Pennsylvania „835 
West Virginia. 5,174 
Pittsburgh € Shawmut......................... Pennsylvania 2,220 2,220 
Alabama...............- 897 
St. Louis—San Francisco Arkansas 21 2 503 
Kansas 416 , 
Oklahoma..............- 1,729 
Soo i eer North Dakota (lignite).... 511 511 
Alabama 3,413 
Indiana................. 1,498 
Sülllll!!!.. am EE Ee Kentucky............... 523 11,418 
Tennessee 2, 424 
Virginia 3, 560 
Tennesse non Tennesse 676 676 
Tennessee Coal, Iron & Railroad Co............. Alabama. -............-- 2,013 2,013 
Toledo, Peonia & Western...................... Illinois 634 634 
Union Pacific. sa { Colorado...............- 407 2 825 
Wyoming 1,918 ' 
r! A Pennsylvania 1,024 1,024 
tere A E EN AA E 243 , 243 
Maryland 736 
Western Maryland.. .....- -2-2-00 Pennsylvania. 395 6,226 
West Virginia 5,095 
Woodward Iron Co. e Alabama...........-...- 1,017 1,017 
Total railroad shipments. ................  ........................ 409,111 409,111 
WATERWAY 
ANI River osen esdan bua 8 Pennsylvania 9 954 
Black Warrior Riveãeerr rr Alabama 3, 785 3,785 
Cumberland River Kentucky..............-. 7 75 
Green River. )) ³ A 99 E 15,467 15,467 
Illinois River. ] ñ m——— onem dins Illinois 2,569 ,569 
Kanawha Riverrrrr West Virginia............ 6,105 6,105 
Monongahela Rive⸗errr²¹ cio ber PM 22,045 32 158 
West Virginia............ 10,113 ; 
Ohio Ri VVV 3.41 
RI ĩðA dus ue en EE 
FFF 4,164 18,672 
West Virginia 1,062 
Tennessee Riverrrrrrr‚ Alabama...............- 949 1.552 
Tennesse 603 V 
Total waterway shipment 81,337 81,337 
Total loaded at mines for shipment by rail- 
roads and owatereaug. Leonora 490, 448 490,448 
Shipped by truck from mine to final destination 78,977 73,977 
Coal transported to electric utility plants adjacent 
to or near the mina ˙ꝰ k EELER 34,373 34,373 
Used at mine oasis mum Ee 8 4,134 ,13 
Pope ico da 602,932 602,932 


1 Includes coal used at mine for power and heat, made into beehive coke at mine, by mine employees used for 


all other purposes at mine. 
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Table 33.—Bituminous coal and lignite shipped by unit train in the United States 
(Thousand short tons) 


State 1969 1970 
Alabama ss eb A E Rie E. 2,257 3,088 
AA MAA E: O 
RÉI TEE 1,336 2,427 
TINO: suis HE d iS E I 17,621 17,217 
ET sora ⁰ ⁰¹w. ³ ⁰· A c a 8 1,913 2,997 
LA A IA T" 9899 
Kentucky 
ee ß y e as Dz: 7,420 9,361 
NÜõÜÜ5§Ü%k cC 6,845 8,762 
TO e eee eee uae 14,265 18,128 
%%% ͥ A ca y te mE a 150 232 
III NNUS 366566 v 
Montana (bituminouss ) 2 3,022 
, . ß lcd c Ma Ee ce E 742 1,130 
North Dakota: lienitegſggggsssssss dee 787 916 
ODIO AA EE d LS IEEE yaw = 13,014 18 ,808 
ine, . . e iu 984 974 
Penosvivanid: <a a ³ ⁰⁰ Oe ß. al 20, 370 21, 825 
HEIN. õ ͥͥͥͥ ³˙XXXàààdà ³1¹ km Kvdsdddddddd eee pieces 398 
/ ³¹-¹A ³Üꝛ] ͥ ſſſſſſͤ ere EE 2,031 2,055 
E e SEENEN 5,067 5,861 
West iini... 40,733 30,110 
NEE A A E 107 
TOA a a a o o atone 121,722 123, 289 


1 Data may not add to totals shown because of independent rounding. 
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Table 34.—Consumption of bituminous coal and lignite, by consumer class, 
with retail deliveries in the United States 


| ' (Thousand short tons) . ! . 
Manufacturing and minin g industries 
Bunker, Other Retail Total 
CR Electric lake Steel manufac- deliveries of 
Year and month power vessel Beehive Oven and turing toother classes 
utilities 1 and coke coke rolling and con- shown * 
foreign? plants plants mills* mining sumers 5 
indus- 
tries 4 


T PS 64,20 6 ,36 98,52 ,11 8,481 965 486,2 
KEE 271,784 467 1,372 90, 900 6,330 92,464 17,099 480, 416 
S 294,739 417 1,268 89,497 5,657 92,028 15,224 498,830 
1969: à 

January............- 29,041 1 73 7,879 633 ; 8,007 48,776 
February............ 24,111 ....... 70 6,987 563 7,774 2,323 ; 
Maren. 26,304 3 86 7,579 608 8,132 1,747 44,459 
All —d 22,3 28 97 7.581 477 i 614 8,523 
FFF 23, 142 86 88 7,866 411 6,925 434 88,902 
Y as 24,391 81 87 7,656 874 6,442 387 39 ,368 
July... . 27,173 41 7,755 348 6,094 512 42,001 
7 26,794 40 111 7,729 332 6, 140 622 41,768 
September........... 24,544 89 120 1,594 361 6,096 866 89,620 
October............- 25,226 44 111 7,981 414 6,734 1,244 41,754 
November 25, 735 36 105 7,664 476 7,118 1,300 42,434 
December 28, 957 14 132 8,022 563 7,934 1,610 41,232 
C 808 , 461 318 1,158 91,743 56,560 85,374 14,666 507,275 
1970: 
January........ setas 80,167 226226. 133 7,659 702 7,707 2,078 48,446 
Februar 6,121 kc 222 126 7,238 577 , 959 1,481 42, 502 
March... 26,668 123 8,116 582 ,166 1,072 , 730 
April... L u 24,170 28 123 7,858 510 7,079 40,308 
BV AA 24,118 40 114 ,099 410 6,657 203 39, 641 
June 25, 625 39 114 7,786 853 6,240 504 40,661 
July. a aa 27,521 40 117 ,841 332 ,913 516 42,280 
JFC 28, 458 37 114 7,822 327 : 672 48,414 
September 26, 37 117 7,809 328 5,997 1,038 41,750 
October ; 87 122 8,216 369 7,197 1,339 42,534 
November........... 26, 7 113 7,957 385 7,607 1. i 
December 29, 481 10 112 8,185 535 8,403 1,329 48,055 
Total 320, 460 298 1,428 94,581 5,410 82,909 12,072 517, 158 


1 Federal Power Commission. i 

2 Bureau of the Census, U.S. Department of Commerce, Ore and Coal Exchange. 

3 Estimates based upon reports collected from a selected list of representative steel and rolling mills. 

4 Estimates based upon reports collected from a selected list of representative manufacturing plants. Revised. 

5 Estimates based upon reports collected from a selected list of representative retailers. Includes some coal 
shipped by truck from mine to final destination. Revised. | 

6 The total of classes shown approximates total consumption. The calculation of consumption from produc- 
tion, imports, exports, and changes in stocks is not as accurate as the “Total of classes shown” because certain 
significant items of stocks are not included in yearend stocks. These items are stocks on Lake and Tidewater 
docks, stocks at other intermediate storage piles between mine and consumer, and coal in transit. 


Table 35.—Stocks of bituminous coal and lignite in the hands of commercial 
consumers and in the retail dealers’ yards in the United States, in 1970 


Days' supply at current rate of consumption 


on date of stocktaking 


Total Manufacturing and mining 
stocks industries 
Date (thousand Electric ——————————————— 
short power Other Retail 
tons) util- Oven Steel and manu- dealers Total 
ities coke rolling facturing 
plants mills and 
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Table 36.—Distribution of bituminous coal and lignite, in 1970, by method of 
movement and consumer use 


(Thousand short tons) 
Used at 
Shipments Electric Coke and Retail All Railroad mines and 
utilities gas plants dealers others fuel sales to 


employees 


Total shipments to all destinations in the 
United , Canada, and Mexico by 


all methods of movements and con- 
sumer use, and overseas exports. ..... 839,851 103,043 14,782 186,501 752 1,486 


Shi mepe to all destinations in the 

nited States, Canada, and Mexico by 

specific method of movement and con- 
sumer use: 


Method of movement: 
Albral.. 2:29 5 geb 175,678 55,790 7,867 162,057 ........ .....-..- 
River and ex- river 74,187 26,278 625 ¿o A A A A 
Great Lakes 20,945 13,850 2,661 a Luicziec E m ibis 
Tidewater 33. 5,054 5,131 1 260 ilz uc Basti poe 
Fk 39, 909 1,960 3,628 18,400 ........ .......-- 
Tramway, conveyor, private 
railroad. .................. 23,578 dA: dut wiles, Sioa. adi 
Method of movement and/or con- 
sumer uses unknown............ „„ 752 1,486 
f ³˙¹wꝛꝛiA 339,351 103, 043 14,782 186,501 752 1,486 
Canadian U.S. US. 
Great Great tidewater Overseas Net change 
Lakes Lakes dock ` exports 5* in mine Total 
commercial dock storage * inventory 
docks‘ storage 4 
Total shipments to all destinations in the 
United States, Canada, and Mexico by 
all methods of movements and con- 
sumer use, and overseas exports...... 261 —16 .......- 51,766 66 597,992 
Shipments to all destinations in the 
nited States, Canada, and Mexico by 
speeifie method of movement and con- 
sumer use: 
Method of movement: 
u d aos taii iin 1 291,392 
Reer d h A AA 107,161 
Great Lakes 2225.2 conduzcas y usada oa a 47,169 
IJ... ⁵ d „ 10, 446 
du AAA e eee . A turre ee 63,897 
Tramway, conveyor, private 
Lo OA AE A A ] x 23,612 
Method of movement and/or con- 
sumer uses unknown...........- 261 —6 2 51,766 66 54,315 
Total EE 261 166 51,766 66 597,992 


1 Includes overseas exports from producing districts 13 and 17. 

2 Excludes shipments to Canadian Great Lakes commercial docks and U.S. dock storage for which consumer 
uses are not available; however, includes vessel fuel, the destinations of which are not available. 

3 Excludes overseas ‘exports for which consumer uses are not available. 

4 Consumer use unknown. 

s Excludes Canada; consumer use unknown 

¢ Excludes overseas exports from producing districts 18 and 17. 
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Table 37.—Distribution of bituminous coal and lignite, in 1970, by district 
of origin and consumer use 


(Thousand short tons) 


sed at 
District of origin ! Electric Coke and Retail All Railroad mines and 
utilities gas plants dealers others uel sales to 

employees 
/// ee uu 31,089 4,959 669 6,728 106 328 
))) 8 8,804 24, 563 406 5,772 1 22 
3 and _ . .. ses 36,809 5,371 262 5,334 19 24 
A Lus US 41,893 _ 1,501 12,094 129 17 
AAA A aa 1,192 16,055 631 1,030 79 658 
IA ea E, 62 ,009 84,718 7,094 27,821 238 213 
- A 47,844 TT 832 4,708 FF 
17777! 8 50,745 4,617 1,282 10,919 79 57 
J A 15,956 202 392 5, 895 12 4 
7 ĩᷣ kana ce. BI2. 2252s 1 BU nasa A ee 
Ig EE 11,296 6,586 391 22,198 _ ___--.-_- 2 
¡E WEE 640 _ .. . . . . TO. ete ͤ a usa 
/f 6,981 154 55 r4. V “ama umo Wie oat oe 
A A yr A 26 3 2 
JJ 2,357 3,322 353 cc 
Is a e ae 6,525. 1246656565 8 EE 
///! 6, 405 34 92 661 14 6 
%% ĩᷣͤ eee D 1,005 1,745 600 896 1 44 
2% ꝛ 88 4,8700 151 771 9 114 
22 and 28 8 ADU. mede 36 492 CCC 
Total...........-.- 339,351 103,043 14,782 86,501 752 1,486 

Canadian U.S. U.S. 
Great Great tidewater Overseas Net change 
Lakes Lakes dock exports $ in mine Total 
commercial dock storage 4 inventory 
docks 4 storage 4 

1! A ĩ ch ae 24." 2 ilk 2,709 40 46,647 
A eege 22 A ðͤ v —1 39,581 
Bands kote te 5 TA pees. 2,275 —118 50,053 
A AN PCS 64 S900, AAA Laps sss 104 55,699 
ir ns y PTT 34  .........- 17,430 19 37,128 
IA A 170 2422 28,902 —167 161,022 

D. A the A ee dcl EE )))) —153 „36 
1 ³AAA y ⁵ĩðâ2Zd saa as C Deeg 15 67, 660 
Jö ]ðù ) ⅛ð y TN P 180 22,641 
A . ENEE 882 
a pr y A ĩ 88 (5) 38 20,511 
H A A A A A 190 —— 1,000 
I 22 A A mu 148 7,625 
Ee, et AA 86 1 593 
! ³⅛VW³ d 8 (5) —22 6,602 
413332322; mete uu. ` eeh, "uu upE Seen. EE —57 6,498 
Eege . 8 3 7,215 
EE 260 35 4,586 
dinastia ] dates rs 8 1 5,916 
22 and / A ĩð0mmdm ð21 y AA 2, 778 
Total... sis 261 I 51,766 66 597 ,992 


1 Producing districts are defined in Bureau of Mines Bituminous Coal and Lignite Distribution Calendar 
Year 1970; Mineral Industry Survey, March 23, 1971, 39 pp. 


2 Includes overseas exports. 
3 Excludes Texas. 
4 Consumer use unknown. 


s Excludes Canada; consumer use unknown. 


6 Included with ‘‘All Others." 
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Table 38.—Distribution of bituminous coal and lignite, in 1970, by destination 
and consumer use 


(Thousand short tons) 


Destination Total Electric Coke and Retail All 
utilities gas plants dealers others 1 
New England: 
Massachusetts 608 444 • e 29 135 
Connecticut... ee 1,832 1100 —];Guꝗ 182 
Maine, New Hampshire, Vermont, Rhode 
f AO 1,128 1,067 | ......- 10 51 
Middle Atlantic: 
New York. u ul sls Age e 28 , 082 11,579 6,051 87 5,315 
New Jergen -20an 4,951 4,272 834 3 842 
Pennsylvania 63,009 28,881 26,527 822 7,279 
East e Central: 
Ohio; cuadrados cis NS 67,975 87,145 12,699 1,888 15,643 
Indiana. J 8 42,885 22,780 12,672 826 6,107 
Illinois 42,310 29,453 3,688 2,590 6,579 
A AA 86,633 23,244 4,942 1,008 7, 
Wiens esc 17,308 10,986 852 1,523 4,447 
West North Central: 
Minnesota 8,769 6,181 604 675 1,309 
5 J EN 6,159 4,190 . ....... 210 1,769 
— o een 8 18,397 11,497 298 109 1,498 
North Dakota and South Dakota 4,799 41h 205 491 
Nebraska and Kansas. 1,974 1,600 | ....... 55 319 
South Atlantic: 
Delaware and Maryland................ 13,928 7,790 5,087 69 1,082 
District of Columbia 1,113 6141 47 385 
MI ec pena ease 11,065 6,653 550 3,835 
West Virginia T——— ⁵ĩæ eee 24,395 14,829 5,080 226 4,760 
North Carolina 21,696 19,077 515 2,106 
South Carolina - 6,143 4,1538538 290 1.700 
Georgia and Florida. add 13, 219 12,00 149 470 
East South Central: 

Sk E 23, 672 19, 108 1,591 602 2,371 
Tennesse 18,315 15, 500 1 638 2, 
Alabama and Mississippi.......--...-..- 27,198 16,248 8,533 150 2,267 

West South Central: Arkansas, Louisiana, 
Oklahoma, Texas 1,144  J ....... 1,125 9 10 
Mountain: 
Colorado 5,136 3,264 1,024 271 577 
A A Sasa E 3,010 463 1,937 129 481 
Montana and Idaho 1,065 652. eege 228 185 
Wyoming___ u tati 3,809 8,589 . ....... 25 195 
New Mexico 6,082 6,021 . ....... 1 10 
Arizona and Nevada 1,180 1,089 . ......- 74 67 
Pacific: 
Washington and (Oregon - puasana. anidru 78 296 
Callforhld AAA 2 9171. aesae 2,177 128 12 
NËT EEN 612 i151 _-.---- 27 494 
/// ³¹i AA abi 18,381 8,310 7,220 391 2,460 
N f//ũͤ ⁰ ] oe n eek T69 Cusco. miles ë xeu 
Destinations not revealable................- 3 2,969 1,103 963 145 3768 
Dene and/or consumer uses not avail- 
able: 
Great Lakes movement: 
Canadian commercial docks......... 281. 3255.4 * whestta. ᷣͤ⁰ /  eocauee 
Vessel fuel ͥ . x Ares 
U.S. dock storage = 16. dual: namas. ames eee 
Tidewater movement: | 
Overseas exports (except Canada)... *51,766 _ ....... «„ wee eee 
Bunker fuel ns ee 2:22 ⁵ ² / “Museos Ee 
US. Cock Storage... dee, ⁵ m T:!!! 88 
Railroad fuel: 
U.S. companies e DEENEN NEE 
Canadian companies DL. cuado ff aus 
Coal used at mines and sales to employees. // ` Mesta”, “esekses 
Net change in mine inventory........... 007. xu asas. A EE 
VK caes )! ¡mii Masa. — qued 


1 Excludes vessel fuel and bunker fuel, the destinations of which are not available. 

2 Excludes shipments to Canadian Great Lakes commercial docks and Canadian railroad companies. 
$ Includes overseas exports from producing districts 13 and 17. 

4 Excludes overseas exports from producing districts 13 and 17. 
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Table 40.—The changing levels of bituminous coal and lignite markets— 
indexes of physical volumes shipped to markets, by geographic division, 


State of destination, and consumer use 


1957 
Geographic division, State of destination, (thousand 

and consumer use short 

tons) 
er!. 493, 895 
Electric utilities. 160,754 
Coke and gas plants. ..-....-------- 112,901 
Retail dealer 39, 230 

All others (includes vessel and bunker 

(M6) iii! y So u. 108,711 
Railroad fuel (U.S. and Canada) 9,581 


l 
docks (consumer use not available). 2,785 
U.S. Great Lakes dock storage (con- 


sumer use not available) ?......... NA 
U.S. tidewater dock storage (con- 
sumer use not available) ........ NA 
Coal used at mine and sales to em- 
Plepees 3,125 
Net change in mine inventory........ 1,142 
Overseas exports (excludes Canada— 
consumer use not available)........ 55,666 
New England.............................. 11,909 
Electric utilities. 6,012 
oke and gas plants. ..............- 1,345 
Retail dealers 1,279 
O sss A 3,273 
Massachusetts 5,354 
Electrie utilities 2,575 
Coke and gas plante 751 
Retail dealer 755 
E A 1,273 
Conneeticualũr LLL eee 4,105 
Electric utilities. 2,561 
Coke and gas plants 594 
Retail dealers...................... 189 
All other 805 
Maine, New Hampshire, Vermont, Rhode 
ISSN sect eee EEN 2,450 
Electric utilities 870 
Retail dealers 385 
All others... 1,195 
Middle Atlantic............................ 92,596 
Electric utilities 31,662 
Coke and gas plants. ............... 38,448 
Retail dealers 2 
All others 19,988 
New YORK... .uocexsUmshwehswise gé 26,753 
Electric utilities. 12,335 
Coke and gas plants ; 
Retail dealers 769 
All othertr ee 7,956 
New Jersen -2-2 MMMMMMMM 7,814 
Electric utilities 4,284 
Coke and gas plants. ..............- 1,249 
Retail dealers 130 
Aer, 8 2,151 
Pennsylvania 58,029 
Electric utilities. 15,043 
Coke and gas plants. ..............- 81,506 
Retail dealers i 
All others 
East North Central ---------------------- 5170, 697 
Electrie utilities. ; 
Coke and gas plants 88 , 757 
Retail dealers 21,321 
All others... 5 44,183 
iu. ³ é 8 55,612 
Electric utilitieenns 20,193 
Coke and gas plante 15,661 
Retail dealers...................... i 
All others 14,681 
Indiana, co's ⁵ ⁵ð ĩͤ eek ee 34,938 
Electric utilities. 12,853 
Coke and gas plants 18 , 786 
Retail dealers. ....................- 2,796 
All others 5,553 


See footnotes at end of table. 
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Table 40.—The changing levels of bituminous coal and lignite markets— 
indexes of physical volumes shipped to markets, by geographic division, 
State of destination, and consumer use—Continued 


1957 Index 1957 = 100 (except where noted) 
Geographic division, State of destination, (thousand —————————————______—_—_—_- 
and consumer use sis 1966 1967 1968 1969 1970 
tons 


East North Central—Continued 


Ii 542,718 108.6 109.3 101.7 105.9 99 
Electric utilities 18,584 149.6 158.7 151.9 163.5 158 
Coke and gas plante : 92.4 87.9 78.2 94.6 94 
Retail dealers.....................- 8,623 49.4 41.2 38.4 85.7 80 
Aer. 8 511,586 92.2 83.6 76.5 69.6 56 

Michigan 26,255 132.4 133.2 140.1 135.9 139 
Electric utilities. 9,83 187.7 199.3 211.7 217.8 236 
Coke and gas plants... ............. 4,877 102.8 94.1 100.8 98.9 101 
Retail dealers 3,368 54.4 44.1 43.8 34.6 29 
iO AAA LO... 8,171 115.8 113.5 117.1 101.0 91 

Wisconsin 11,174 134.7 139.4 134.9 134.0 154 
Electric utilities. 4,967 152.7 168.3 167.6 171.8 221 
Coke and gas plante 558 83.0 89.1 60.8 77.6 63 
Retail dealers 1,457 145.2 131.4 136.9 119.4 104 
All other 4,192 116.6 114.8 105.4 101.8 106 

West North Central... 200000000. 520,824 124.7 128.5 131.3 145.7 168 
Electric utilities 8,278 198.8 214.9 238.8 261.0 338 
Coke and gas plants 1,518 76.5 75.6 40.5 89.3 59 
Retail dealers 4,079 46.3 40.3 38.5 87.9 30 
All others 56,949 93.2 88.9 77.7 83.9 77 

Minnesotda aaa 5,332 144.0 133.9 137.5 151.9 164 
Electric utilities. 1,810 255.5 228.6 277.6 253.6 841 
Coke and gas plants 1,206 78.9 77.0 32.3 82.2 50 
Retail dealerg 553 128.8 123.9 143.8 157.0 122 
All otherss 1,763 79.0 78.9 63.7 93.6 74 

Iowa 8 54,878 111.5 113.8 112.3 116.3 126 
Electric utilities 1,846 157.9 174.8 185.6 199.1 227 
Retail dealers 1,254 35.2 28.3 21.0 18.5 16 
O ———Á 51,778 117.2 110.6 100.6 99.3 98 

Missouri. ß ee a 6,862 123.8 136.8 137.0 161.7 195 
Electric utilities 2, 605 228.3 266.6 272.3 342.7 441 
Coke and gas plants. ............... 312 67.0 70.2 72.1 117.0 93 
Retail dealers 1,495 18.5 12.6 10.0 8.2 7 
Aer eres ee LS 2,450 84.2 83.1 78.9 68.7 61 

North Dakota and South Dakota 2,416 124.0 141.8 156.5 165.4 198 
Electric utilities 1,378 157.7 190.3 227.0 237.5 297 
Retail dealers 77.0 71.0 60.3 44.5 39 
All other. A 521 81.6 84.1 65.5 94.6 94 

Nebraska and Kansas..................- 1,336 102.3 93.9 101.8 110.0 147 
Electric utilities. 639 124.6 134.7 171.4 178.2 250 
Retail dealers 260 23.1 17.7 19.6 36.2 21 
AMOLES coin ts 437 116.9 79.4 49.0 54.2 73 

South Atlantic- LL LL Lll lll l- 52 , 560 153.1 168.4 168.2 170.4 174 
Electric utilities. 22,251 231.5 267.7 272.1 279.4 293 
Coke and gas plants. ..............- 11,321 92.0 91.4 88.1 92.6 89 
Retail dealers 4,765 52.6 50.6 50.7 42.5 38 
All other... te tee oe 14,223 112.9 113.7 108.9 104.8 100 

Delaware and Maryland 10,358 136.0 144.4 142.7 144.9 134 
Electric utilities. 3,000 270.3 290.4 286.5 278.1 259 
Coke and gas plants 5,414 91.7 99.6 93.2 99.2 93 
Retail dealers- -2.02.22-22 420 26.4 22.1 21.4 18.8 16 
Alsthe es 1,524 58.8 49.5 68.6 79.9 67 

District of Columbia 1,097 681.8 680.8 680.9 112.6 101 
Electric utilities. 609 81.6 89.7 110.5 125.5 111 
Retail dealers 188 53.7 47.3 44.1 42.6 25 
AIL other8- c c2 8 300 699.7 683.7 643.7 130.0 128 

At: ai EE E 10,553 135.3 140.8 137.6 123.1 104 
E Electric utilities 4,435 185.9 200. 6 204.3 185.8 150 
Coke and gas plante 165 157.6 43.6 2.4 7.3 16 
Retail dealers- -- 1,756 47.3 42.9 41.0 32.8 81 
Ane al ie 4,197 117.8 122.3 112.9 99.8 91 

West Virginia... 0... 15,771 127.4 147.4 155.8 154.4 154 
Electric utilities. 6,290 152.5 201.4 218.0 220.1 227 
Coke and gas plants. ..............- 5,742 90.4 85.1 85.8 88.9 88 
Retail dealers 302 101.7 129.8 140.7 87.7 74 
All others 3,437 147.4 154.1 160.2 149.6 138 

North Carolina. 8,716 176.1 210.0. 194.0 214.7 248 

ectric utilities 4,953 246.8 289.7 81.8 324.5 885 
Retail dealers 1,248 51.2 51.0 9.6 44.6 41 
All others 2,515 98.9 100.6 92.8 82.9 88 

South Carolina 3,050 167.8 182.1 153.9 174.4 201 
Electric utilities. 856 978.5 452.9 381.0 427.6 485 
Retail dealers 321 92.2 83.8 85.7 94.7 90 
Aer 1,873 84.5 75.2 61.9 72.3 90 


See footnotes at end of table. 


00 e to -109 — LO Ot OO OX O0 Aa COM O cO G2 O 00 OF Vim O E -30» i» NO NA OO FO -100 @ i 09 cO O3 tO cO YOON I OL Ot IH P OU OU OO CO Go to 00 O O x O 


382 


MINERALS YEARBOOK, 1970 


Table 40.—The changing levels of bituminous coal and lignite markets— 
indexes of physical volumes shipped to markets, by geographic division, 
State of destination, and consumer use—Continued 


Geographic division, State of destination, 
and consumer use 


South Atlantic—Continued 
Georgia and Florida............ 5 
Electric utilities 
Retail d 


Coke aa as plants 
Retail dealers.....................- 

All others- EE 
Kentucky. conocer SE 
Electric utilities 
Coke and gas plant??? 
Retail dealers 
, cor Le EIE 
Tennesse 
Electric utilities 
Coke and gas plants 
Retail dealer 

All stheeſgn”‚,‚/d eco oam 
Alabama and Mississipp ------ 
Electric utilities. 
Coke and gas plants 
Retail dealers 
Altherr. 
West South Central: Arkansas, Louisiana, 
Oklahoma, Texass s 
Electric utilities) 
Coke and gas plants 
Retail dealers 

E I A 


Coke and gas plants... ............. 
Retail dealersʒF 
All others. 


Retail denle e oct 8 
e ß 2-222052 
Utah 


Wyom 
EI ic utilities s 
Retail dealers 
All others 

New Mexico 


Retail dealerg 2... 
All others 


on WP 4m qe “v. em gr ep em EE ep d en er ep ep ep am 4 em @ om e 


Coke and gas plants. ..............- 
Retail dealers 


Washington and Oregon 
Electric utilities 
Retail dealers 
All others a a e MP S 


Coke and gas plante 
Retail dealers 
All Others ic ceci ee 


See footnotes at end of table. 


1957 


(thousand 


short 
tons) 


Index 1957 
1966 1967 
851.7 881.2 
455.3 499.0 

42.1 33.4 
208.0 211.1 
126.9 141.7 
159.8 184.2 

90.0 97.0 

50.7 46.1 

97.8 97.8 
158.0 170.6 
187.6 208.4 
104.0 116.3 

66.2 59.7 
140.0 132.3 

98.1 120.4 
115.7 149.6 

69.8 67.4 

50.4 46.0 

69.0 71.2 
132.1 141.6 
195.3 209.7 

87.8 94.0 

22.9 21.4 
119.5 127.2 

58.0 51.1 

.0 .0 

90.3 78.3 

17.4 14.3 

18.2 18.6 
160.6 162.4 
605.0 639.0 

88.9 77.5 

17.3 71.6 

53.9 53.6 
144.1 144.6 
401.5 424.9 

93.1 79.8 
105.2 88.7 

40.1 49.1 

79.3 76.1 
132.4 130.5 

78.9 76.2 
55.7 57.8 

61.9 52.8 
107.8 104.9 
181.6 188.3 

63.6 72.0 

89.1 64.7 
428.5 410.9 
716.8 673.8 

63.9 45.9 

60.7 85.0 
184.1 223.1 
190.5 230.8 

58.3 41.7 

30.2 89.5 
509.7 482.8 
186.3 197.3 
883.3 104.2 

19.8 12.1 

82.0 82.5 

.0 .0 
107.7 118.1 

71.1 54.4 

44.4 35.1 

51.9 40.9 

Bu .0 

69.2 52.0 

45.4 36.7 
103.9 112.8 

.0 .0 
107.7 118.1 
140.0 140.0 


CO 
Q 
T 


to 
e 
to 


1968 


e 
E 
00 


> O G O G > O Ó tO i 00 G O O OO O tO AI tO 69 Cd G2 1T N I-1 91 D a bat =3 Hd Q O WO 09 00 DOTTED ANA «91 1-1 taa O 00 i> 09 00 i> LO = 00 0 QY Ot =: pa IIS Y 


1969 


396.4 
533.2 


= 100 (except where noted) 


1970 


an 


— 


61.2 
. 0 
107.1 


ON 
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NON IYO 0200 CH D Y 


qe 
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Table 40.—The changing levels of bituminous coal and lignite markets— 
indexes of physical volumes shipped to markets, by geographic division, 
State of destination, and consumer use—Continued 


1957 Index 1957 = 100 (except where noted) 
Geographic division, State of destination, (thousand ———— ——————— ———————————————————— 
and consumer use short 1966 1967 1968 1969 1970 
tons) 
ͥĩ tata oa 829 103.5 114.8 97.0 81.1 73.8 
Electric utilities 470 43.4 28.7 28.1 29.6 32.1 
Retail dealers 49 89.8 87.8 75.5 67.8 55.1 
All others ss 22 eee aouen 310 196.8 249.7 204.8 161.8 140.0 
Cañada TL u. 1 a ͤ K k 17,878 88.4 85.3 93.7 93.7 104.4 
Electric utilities. 567 194.7 869.8 998.4 1,160.0 1,465.6 
Coke and gas plant?s2 s 4,602 127.2 119.8 145.5 140.1 156.9 
Retail dealers 857 65.1 51.6 60.2 47.8 45.6 
All others- ------------------------ 7,183 61.4 55.3 47.2 38.8 84.2 
Canadian Great Lakes commercial docks (con- 
sumer use not available)... 2,785 15.4 13.2 16.2 18.0 9.4 
Canadian railroad companies 1,884 2.5 1.8 1.6 1.5 1.6 
Mexico MEM" NA 94.7 108.8 129.8 147.7 286.0 
All others 1 NA 94.7 108.8 129.8 147.4 286.0 
Destinations not revealable: 3... 2200... 87.8 72.0 154.9 157.6 1215.1 
Electric utilities UU 62.0 98.0 237.4 292.4 221.9 
Coke and gas plants 1 AA LES ee sue aa 83.4 42.8 78.3 102.1 254.8 
Retail dealers i?2?]ßũæ:!!X1Xu 200200. 80.8 49.5 59.6 136.4 146.5 
All others bbb 124.6 72.7 147.8 50.0 1187.3 
Destinations not available: 
Great Lakes vessel fuelu 1,859 56.7 47.2 47.3 51.2 57.7 
Tidewater bunker fuel I.. 41 31.7 12.2 0 .0 .0 
Railroad fuel, United States com- 
panies I)). 7,697 16.4 14.9 12.7 10.7 9.4 


NA Not available. 

1 Includes overseas exports from producing districts 13 and 17. 

2 For Great Lakes dock storage the annual base period is 1959 = 100. The 1959 annual tonnage was 304,000 
tons. 

3 For tidewater dock storage the annual base period is 1959 = 100. The 1959 annual tonnage was 26,000 tons. 

4 Excludes overseas exports from producing districts 13 and 17. 

5 District 15 shipments to Illinois included with Iowa. 

6 A considerable block of tonnage is included under “Destinations not revealable.“ 

? For electric utilities in Arkansas, Louisiana, Oklahoma, and Texas the annual base period is 1963 = 100. 
The 1963 tonnage shipped to electric utilities was 24,000 tons. 

8 For electric utilities in Montana and Idaho the annual base period is 1959 = 100. The 1959 tonnage shipped 
to electric utilities was 179,000 tons. 

9 For total shipments and electric utilities to New Mexico the annual base period is 1963 = 100. Total 
shipments to New Mexico were 1,132,000 tons and for electric utilities 1,085,000 tons. 

10 For electric utilities in Arizona and Nevada the annual base period is 1962 = 100. The 1962 annual ton- 
nage shipped to electric utilities was 335,000 tons. 

11 Includes shipments to Canadian Great Lakes commercial docks and Canadian railroad compani 

12 Since tonnages for Mexico were first published in 1960, yearly indexes are based on 1960 = 100, The 1960 
tonnages were total 57,000, all others 57,000. 

13 Since “Destinations not revealable” were first published during 1960, the calendar year indexes are based 
on 1960 = 100. These figures are as follows: Calendar year total not revealable 1,380,000, electric utilities 
497,000, coke and gas plants 374,000, retail dealers 99,000, and all others 410,000, 

4 Included in summary at beginning of table in “All others.” 

15 Included in summary at beginning of table in “Railroad fuel.” 
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Table 42.— Average value per ton, Lob, mines, of bituminous coal and lignite 


State 


Montaha: 


New Mexico 
Ha 15 
gnite d ` 
Ohio 
Oklahoma 
Pennsylvania 
Tennessee. ...... 


West Virginia 
Wyoming.......- 


Under- 
ground 


$ 


1969 


Strip 


oo 


em i> 09 Q 09 i> i> 02309 CH 
WO Ek? 
WN O11 93 © Land. 


88 888 


G2 Oo 


e N poe] roe 
MHA o 
Ov» ovo 0060 


. 1 
e NNN! 


00 


G> | Oh! 
YQ QR? A 


Auger 


$5.55 


produced in the United States, by States 


385 
1970 
Total Under- Strip Auger Total 
ground 
$7.47 $11.33 $5.52 $5.75 $8.09 
6.54 Jerk 7.39 MENS 7.39 
7.90 9.01 8.13 Me 8.30 
5.27 7.05 3.71 po 5.85 
4.32 5.33 4.53 SEA 4.92 
4.13 5.79 4.47 DE 4.60 
3.76 4.03 4.17 de 4.11 
5.42 Ge 5.59 E 5.59 
4.14 6.75 4.46 5.37 5.68 
3.85 5.25 4.87 5.99 5.01 
4.33 Lr 4.39 m 4.39 
2.18 9.39 1.76 MES 1.83 
2.08 RM 2.13 EE? 2.13 
2.13 9.89 1.79 mx 1.85 
3.66 5.54 2.50 VS 2.89 
1.85 zz 1.95 8 1. 95 
4.10 5.43 4.41 4.18 4.74 
5. 80 13. 86 5.50 8.43 6.27 
5.87 8.12 5. 38 5. 51 7. 27 
3. 80 5.07 4.71 4. 69 4. 90 
6.31 7.28 pa Saa 7.28 
5.42 7.62 4.66 4.64 7.03 
8.21 13.47 8.50 M 12.81 
5.73 8.07 7.06 8.34 7.93 
3.36 6.72 3.33 TN 3.38 
4.99 7.40 4.69 6.08 6.26 


Table 43.—Production and average value per ton, f.o.b. mines, of bituminous coal and 
lignite sold in open market and not sold in open market, in 1970, by States 


State 


New Mexic 


Tennessee 


ii 
Washington 
West Virginia 
Wyomn gg 


ep em ep em emm op em —. mm gn em am ee 


12,664 
7 


1 521,253 


(Thousand short tons) 


Production 
Not sold 
in open Total 

market 
7,896 20,560 
492 549 
Dee 132 
nene 268 
1,670 6,025 
2,196 65,119 
51 22,263 
59 1987 
"OUTRE 1,627 
8,364 125,305 
EEN 1,615 
33 4,447 
. 3,124 
EL eee 323 
55 3,447 
1,293 7,361 
119 5,639 
6,579 1 55,351 
PRESE 2,427 
29,529 80,491 
1 8,297 
1,898 4,733 
259 35,016 
See 87 
18,843 144,072 
2,472 17,222 
81,679 1 602,932 


Average value per ton, f.o.b. mines 


Sold in Not sold 
open in open Total 

market market 
$6.41 $10.78 $8.09 
9.41 7.15 7.39 
W SERI W 
8.30 pet 8.30 
4.35 9.77 5.85 
4.86 6.96 4.92 
4.60 4.47 4.60 
4.13 3.77 4.11 
5.59 SN? 5.59 
5.50 8.19 5.68 
5.01 MEME 5.01 
4.39 EE 4.39 
1.83 8 1.83 
2.13 Sida 2.13 
1.85 3 1. 85 
2. 45 4.95 2.89 
1.91 4.00 1.95 
4.76 4.61 4.74 
6.27 eed 6.27 
6.32 8.90 7.27 
4.90 6.87 4.90 
5.01 10.67 7.28 
7.03 8.00 7.08 
12.81 ás 12.81 
7.65 8.76 7.93 
3.61 2.95 3.38 
5.89 8.59 6.26 


W Withheld to avoid disclosing individual company data. 
1 Data may not add to totals shown because of independent rounding. 
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Table 44.—Summary of operations at lignite mines 1 in the United States, 
in 1970, by States 2 


Item Montana North Dakota Total 3 
Number of mines 2 20 22 
Production (thousand short tons): 
Shipped by rail LLL. L2... 322 3,265 3,587 
Shipped by Lruek ll l.l... 2 568 570 
Mine-mouth generating plants- ns. 460 460 
Used at mines 2221 ----- 1,346 1,346 
Totali EE 323 5,639 5,963 
Average value per ton... $2.13 $1.95 $1.88 
Number of shovels and draglines_________-_-_-_- 2 48 50 
Average number of men working daily........... 17 306 323 
Average number of days worked. ................ 218 241 240 
Number of man-days worked (thousands) 4 74 78 
Average tons per man per day. ................- 87.16 76.49 77.02 
1 All strip. 


2 Exclusive of Texas (lignite). 

3 Data may not add to totals shown because of independent rounding. 

4 Includes coal loaded at mines directly into railroad cars and hauled by trucks to railroad sidings. 

$ Includes coal used at mine for power and heat, used by mine employees, and for all other purposes at mine. 
Table 45.—Exports of bituminous coal, by country groups 


(Thousand short tons and thousand dollars) 
1968 1969 1970 


Country group Se — — 
Quantity Value Quantity Value Quantity Value 


Canada (including Newfoundland) and Mexico. 16,822 $143,021 16,905 $147,312 18,846 $197,984 


Overseas (all other countries): 


West Indies and Central America 1 11 1 8 1 9 
Bermuda, Greenland, Miquelon and St. 

Pierre Island 3 30 3 41 2 44 
South America 2,569 26,401 2,869 30,904 2,920 40,929 
Für ⁵ 8 15,403 154,991 15,088 163,415 21,503 303, 352 
Jö ͥ » ]Ü¹ͥ³ ³⅛*»»m»m d a 15,839 171,525 21,368 243,765 27,649 408, 172 
I1;ôÜ?«;Ü. ² ⁸ ³ ↄↄ ↄↄ hae ate (1) J: Lu odo. aa (1) 1 
07 EEN A pu ees. Jee ns (!) 7 23 849 

EE 33,815 352,959 39,329 438,140 52,098 752,856 

Grand tel.. 50,637 495,980 56,234 585,452 70,944 950,790 


1 Less than 1⁄4 unit. 


Table 46.—Bituminous coal exported from the United States, by countries 1 
(Thousand short tons and thousand dollars) 


1968 1969 1970 
Country —— — 
Quantity Value Quantity Value Quantity Value 
I ðây u ka bcm. . ete uma 23 $346 
a y A A viet, Onana 65 919 
Argentina 2. AA 441 $4,450 477 $5,017 596 8,222 
Belgium-Luxembourg. .......... 1,052 10,843 943 10,394 1,881 29,977 
Brazil. AMA umu kas 1,787 18,227 1,843 19,818 2,020 27 ,691 
CANADA 88 16,748 142, 156 16,789 145,710 18,673 195,133 
Chiles ss tl ala 306 3,343 519 5,697 2 ; 
Ecuador- cano eines ⁰ asas 20 QUO. E 
r A 1,459 13,787 2,253 24,192 3,346 46,177 
Germany 
A mc 88 101 1.171 87 1,111 396 5,942 
Wet 8 3,785 36,273 3,451 34,942 5,022 65,876 
Hong MoDg. h oli. uu ⁵ ⁵ ↄ ²yù ?“‚2«?]́ M 80 
Ireland: 55 ⁰³⁰Ü¹¹ A 168 1,707 83 918 69 1,014 
AAA 86 4,254 43,576 3,679 40,824 4,205 59,711 
e ee teenies 15,822 171,418 21,367 243,753 27,637 407 ,963 
Mie. 74 865 116 1,602 1 ` 
Miquelon and St. Pierre Islands.. 3 30 3 41 2 44 
Netherlands. .................- 1,491 14,904 1,622 17,544 2,112 27,941 
NOP WEY AAA 305 3,043 248 2,726 192 3,051 
Portugal; u e a. . Erase 15 230 wees —— uu onem 
Romania.....................- 83 953 72 891 70 1,380 
SD8 A ee 1,480 15,923 1,825 20,910 3,153 46,971 
Sweden 761 8,003 668 7,365 764 11,586 
Switzerland 28 T ͥ seek. Ea 
Uruguay 34 373 10 114 26 274 
Vugoalavia. - 436 4, 504 141 1,366 225 2,681 
E 19 128 3 34 9 105 
fr suse densa 50,637 495,980 56,234 585,452 . 70,944 950,790 


1 Amounts stated do not include fuel or bunker coal on vessels engaged in foreign trade, which aggregated 
107,749 tons ($1,097,120) in 1968; 59,152 tons ($738,409) in 1969; and 67,424 tons ($916,181) in 1970. 
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Table 47.—Bituminous coal exported from the United States, by customs districts 


(Thousand short tons and thousand dollars) 


Customs district 


Chicago, III 
Cleveland, Ohio. ......... 
Detroit, Mich............ 
Duluth, Minn 


Los Angeles, Calif. ....... 
Miami, Fla.............- 
Milwaukee, Wiss 
Mobile, Als 
New Orleans, La 
New York City.......... 
Norfolk, va 
Ogdensburg, N. XX 
Pembina, N.D..........- 
Philadelphia, Pa. 
Port Arthur, Tek 
Portland, Maine 
Portland, Oreg........... 
Providence, R. II. 


San Diego, Cat 
San Francisco, Calif... ... 
Savannah, Ga 


1 Less than 14 unit. 


1970 


1968 1969 
Quantity Value Quantity Value Quantity 
2,436 $22,501 81 15 4,723 
xe ac 425 3,371 444 3,653 189 
senti 2 203 43 298 9 
15,540 131,031 15,656 134,975 18,048 
9 914 70 728 69 
SE 32 5 54 3 
E 44 559 45 616 64 
3 29 304 70 981 108 
. 8 80 93 1,073 , m 
1 

NIE 10 73 5 ul eee CU 
1 7 1 6 378 
Deere 31 354 79 852 460 
EVE 85 8 ccr: NER E 10 
31,820 334,781 37,023 416,918 46, 223 
6 6 40 30 
. 9 86 8 . 3 
FF 6 53 297 
) —òun»n 8 16 
1 17 1 9 gue 
Lace. (ile cree aset e UM 51 
5 // Bese? sania 
5 64 1 14 
(1) 2 (1) 5 1 

ca etwas ¡sE Judas (1) 
(1) Z icu ho ias? agape Mer 

VV 2 19 (1) 

a a (1) (1) (1) 
50,637 495,980 56,234 585,452 10,944 


Value 


$62,880 


950,790 


Table 48.—Bituminous coal 1 imported for consumption in the United States, 


1968 1969 
Country and customs district Short Value Short 
tons (thou- tons 
sands) 
Country: 
Australia... asis 90 $2. 
Canada. sosa 8 224,298 1,897  r108,857 
J odin. 6 eee see: rout. wal 30 
n ⁵ĩV·ͤßæ⅛ . y A A 
Netherlands — 11 
/h A hie asse 
South Africa, Republic ok H .. 6 
United Kingdom 6 11 
JJ. ³»¹ A. e aia 224, 394 1,900 r 108,904 
Customs district: 

i oscila es 1,344 26 2,297 
Chicago, IIiIiI——n 36,525 237 98 
Detroit, Mich...................- 129 3 18 
Duluth, Minn. nn 10,212 153 4,371 
Great Falls, Mont 10,103 100 35,845 
Honolulu, Hawaii VU 
Minneapolis, Win n 6 ates 
Mahle“... Bele: bettie 

New York it 8 
Pembina, N.D..................- 12,430 177 12,796 

Philadelphia, Pa.................- 90 2 
Portland, Maine 153,555 1,201 43,779 
St: rr N .. y r Tica 
Seattle, Wash. . ⅛ -K 9,658 
/ ͥͥͥͥ0 0 TT 224,394 1,900 1108, 904 


by countries and customs districts 


r Revised; Ogdensburg, N.Y. district revised to none. 
1 Includes slack, culm, and lignite. 


2 Less than Lë unit. 


1970 

Short Value 
tons (thou- 
sands) 
36312 $450 
85 4 
15 2 
16 (˖ ) 
inu 13 1 
36,441 457 
1,416 29 
104 E 
7,185 103 
17,145 160 
15 1 
176 () 
85 4 
10, 460 155 
13 1 
2 1 

(2) (2) 
36,441 457 
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Table 49.—Bituminous coal, anthracite, and lignite: World production, 
by eountries 
(Thousand short tons) 
Country ! 1968 1969 1970 p 
North America: 
Canada: 
Bituminous A mm cutie e 8,758 8,652 12,785 
IIIIICöCö; , 8 2,250 2,021 3,820 
Greenland: Bituminoug ss «„ 30 28 e 22 
Mexico: Bituminou sss r 2,872 2,709 2,980 
United States: 
Anthracite (Pennsylvaniaꝶ 11,461 10,473 9,729 
Für u ss eee set usu e 540,428 555 , 493 596 ,969 
Elenite osas astas 4,817 5,012 „963 
South America: 
Argentina: Bituminou ooo 520 575 e 585 
Brazil: Bituminous (marketable) Heb nS 2,606 2,685 2,609 
Chile: Bituminous.___._... 1,776 1,878 1,669 
Colombia; Anthracite and bituminous.................... 3,417 3,656 e 3,660 
"Anibrudite EE 8 8 e8 
Bituminou s eO IA 169 171 e 172 
Venezuela: Bite... 34 35 44 
Europe 
Albania: Lignite e.. a 638 e 705 736 
Austria: ieee er r 4,604 4,234 4,045 
Belgium: 
o A ͥ Ad A D eA 5,409 4,863 4,068 
(hee EE 10,912 9,687 8,461 
Bulgaria: 
( ²˙¹Üw... ³ð HK ⁰ 194 198 e 198 
Bitis. ce dese cece seecese 290 210 e 240 
lignile! 2. Gewese . ee eeu 31,176 31,561 31,786 
Cisclioelovaltia: 
Bituminous. ul ß ERES e a dtes 28,580 29 , 837 31,076 
ig)... A ug Zm us 82,546 87,454 89 , 466 
Denmark: irie 838 475 e 440 
France: 
Aire 11,688 11,116 10,850 
Bitüuminoüs 2 sss... 34,511 83,619 30,326 
IEC els 3,551 3,252 ,07 
Germany, East 
mine,, 1,741 1,468 e 1,400 
Ill ⁰⁰⁰ o owe 272,395 280,596 287, ,262 
Germany, West: 
Annen A O s ie: 12,507 11,692 10,700 
Bituminous calce uyu uuu Dos DDOS s 110,965 111,061 113, 541 
7 ĩ Ku ĩͤ AR 111,902 118,415 118,792 
J coli; nos Eu pass snn sus pusu UL EU 919 841 739 
p is 6,314 7,423 8, 576 
Hungary: 
BHs. 4,676 4,556 4,576 
ION AMA 25,321 24,653 26,102 
Ireland: 
NS A 114 e 110 87 
is AAA 69 e 59 88 
Italy: 
PICOWmIBOQS Sua uae med bce de 402 834 330 
LIEDIUS.2:d.ca . 8 1,905 2,131 1,536 
Netherlands: 
KA E d EE 6,191 6,098 5,010 
Banne cand eus EE RE dea d 1,376 25 
Poland: 
BITUMINOUS Uu l rca 141,801 148,823 154,435 
IP MA sees ele eue sue ud 29 ,630 34,022 36,118 
Portugal: 
ihre tt 438 398 299 
Halle... A A 34 9 e9 
Romania: 
Anthracite ii ⁵² ⁵ðᷣ T 17 17 17 
Bituminous EE 7,902 3,288 e 9,000 
Ligne EE 10,082 12,035 e 23,580 
Spain: 
Ain 8 3,155 3,050 3,166 
a ec SEE O PP I TOR Ce meee mrt: ea ene LT ee 10,428 9,767 8,614 
i!! AA 3,097 3,020 3,115 
Svalbard. S Bituminous: 
Controlled by Norway - «4 4„ 381 424 513 
Controlled by U.S. S. R. (shipments) e... 440 440 440 
Sweden: Bituminous...........-...-.-----.---..------- 22 24 ell 


See footnotes at end of table. 
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Table 49.—Bituminous coal, anthracite, and lignite: World production, 
by countries—Continued 
(Thousand short tons) 


Europe—Continued 
U.S.S.R.: * 


Anthracite- pd 84,763 84,684 e 87,000 
Bums ZZ aa E 417,759 430, 443 e 436,000 
A AA IN r 152,448 154,859 e 165,000 
United Kingdom: 
Anthracite- S 4,345 4,002 4,061 
Bituminous A 179,414 164,619 155,292 
Yugoslavia: 
Bums... 920 752 709 
| Dignite o a o A ͤ es ESL 28,546 28,456 30,621 
Africa: 
Algeria: Bituminous occ (8) 30 e 18 
Congo (Kinshasa): Bituminoun oo. 78 73 112 
Morocco: Anthraeite -_-----------------------------—- 497 438 477 
Mozambique: Bituminou s 346 305 387 
Nigeria: Bituminoun,nn s (9) 17 39 
Rhodesia, Southern: Bituminous- ----------------------- 10 8,608 103,673 e3,700 
South Africa, Republic of (marketable) : 
dl A E A 1,505 1,699 1,850 
Ré E EE 55,435 56,450 58,349 
Swaziland: Bituminoug. o ooo 2 107 115 136 
Tanzania: Bituminou s 4 3 3 
United Arab Republic: Bituminounn ss d E ut 
s Zambia: Bituminou s 633 488 676 
sia: 
Afghanistan: Bituminous Uu... r 138 150 e 150 
Burma: Bituminou ss 117 17 e 17 
China, mainland: 
Anthracite € zz; cd y e o Es r 22,000 22,000 22,000 
Hd Bituminous and Uenitee 2... 2... . ...- 308 , 000 338,000 378,000 
ndia: 
BIG1IWOQS:¿¿ u u u da iio 78,058 83,126 19,816 
Lignite.............-.-- pore 8 4,548 4,616 8,908 
Indonesia: Bituminous. s 194 211 195 
Iran: Bituminous 1lłiIlIlIiIſIſIł¹ 331 276 356 
Japan: 
o AAA A D IL as 1,641 1,350 1,145 
Bitiminous 2.2262 co e 8 49 ,698 47,913 42,611 
TAGE EE 369 274 438 
Korea, North: 
Anthraclte .. oca E r 20,400 22,200 24,000 
Bituminous and lignite---------cooooooooooooooo--- 5,000 5,400 6,300 
Korea, Republic of (South): Anthracite. ----------------- 11,290 11,324 13,662 
Mongolia: Bituminous and lignite. .....................- 1,380 1,600 1,930 
Pakistan: Bituminous and lign ite 1,404 1,400 e 1,500 
Philippines: Btuominousg ---------------------------- 35 58 47 
Taiwan: Btuminous 2.22222 2222222222. 5,527 5,120 4,931 
Thailand: Lignite %.cocoociocicnriana roca eue E 335 384 440 
Turkey: 
Bituminous oc ar a 88 4,753 5,234 4,820 
Li AE ði ky mtr A c DE 5,818 6, 075 6,272 
Vietnam, North: Anthraciteee „ 3,300 3,300 3,800 
Oceania: 
Australia: 
ii AAA ? 45 ,006 50,851 54,548 
BT AE r 25,728 25,602 26,679 
New Zealand: 
ee, . e ditur 2,491 2,606 2,669 
IHF. di 8 190 188 219 
World total: 
Ar ³ðVUĩ ³ĩðVLçd y 200, 923 199, 020 201, 622 
Bitümn cos 1,757,160 1,784,415 1,827,201 
STE E MA E x 809 , 082 837,472 867,984 
Mixed Grades ig 319,201 350,056 391,390 
All grades. 2 AA 3,086,366 3,170,963 3,288,197 
e Estimated. p Preliminary. r Revised. 


1 In addition to the countries listed, Ecuador produces coal, but output was less than 500 tons annually in 
the years covered by this table. 

2 Excludes production from the State of Texas. 

3 Includes material reported in national sources as brown coal. 

4 Available sources give only lignite production; a small quantity of bituminous coal also may be produced. 

5 Official sources report the aggregate of anthracite and bituminous, distribution to these separate grades is 
estimated from reported total. 

¢ Run of mine. 

7 May include a small amount of anthracite. 

8 Less than 1⁄4 unit. 

? Revised to none. 

10 Sales. 

11 Year beginning March 21 of that stated. 

12 Includes pech coal from West Germany. . i . I 

18 Anthracite plus bituminous coal for Colombia and bituminous plus lignite for mainland China, Mongolia, 


North Korea, and Pakistan. 
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Coal—Pennsylvania Anthracite 


By D. R. Federoff * 


Data in this chapter refer only to an- 
thracite or hard coal, mined in the north- 
eastern part of the Commonwealth of 
Pennsylvania. This anthracite region is di- 
vided geologically into four fields: North- 
ern, Eastern Middle, Western Middle, and 
Southern. The area is also grouped by 
trade usage into three regions: Wyoming, 
Lehigh, and Schuylkill. 

Production of Pennsylvania anthracite in 
1970 was from 209 underground mines, 179 
strip pits, 97 culm and silt banks, and five 
dredges, and totalled 9.7 million short 
tons, a decrease of 7 percent from that of 
1969. Of this total, 47 percent was pro- 
duced at strip mines, 31 percent at culm 
and silt banks, 18 percent at underground 
mines, and 4 percent from river dredging. 
Compared with tonnages produced in 1969, 
dredging declined 24 percent; underground 
production, 17 percent; culm and silt 
banks, 7 percent; and strip mine produc- 
tion, less than 1 percent. 

Total value of the 1970 output was 
$105.3 million, an increase of 5 percent 
over that in 1969. Production of pea and 
larger sizes declined 8 percent from that of 
1969, and the buckwheat No. 1 and 
smaller category, 7 percent. Although the 
pea and larger sizes amounted to 34.4 per- 
cent of 1970' output (35.1 percent in 
1969), they accounted for 45.8 percent of 
the industry's total revenue because of 
higher prices received for these sizes. The 
average value for the pea and larger sizes 
was $15.06 f.o.b. preparation plant, a gain 
of $1.50; while the average value for the 
buckwheat and smaller was $8.92, a gain of 
$0.99. As a result, the average value for all 
sizes (excludes dredge coal), increased to 
$11.03, 11 percent more than in 1969. 

Apparent consumption of anthracite in 
the United States during 1970 was esti- 
mated at 8.2 million tons, a decline of 6.4 
percent. Although use data are incomplete 
for anthracite, the major part of the loss 


was attributed to the continuing decline in 
the demand for anthracite for space-heat- 
ing. 

Exports of anthracite totaled 789,499 
tons, an increase of 26 percent over the 
627,492 tons shipped in 1969. The increase 
was attributed to the greater demand from 
Asia and Europe. A more accurate meas- 
urement of the importance of exports to 
the industry can be obtained by adding 
the quantity shipped for use by the US. 
Armed Forces in West Germany to the 
tonnage reported by the Bureau of Census. 
This computation indicates that approxi- 
mately 1,481 million tons were actually ex- 
ported, or about 15 percent of the total 
1970 production. 

Although there was a decline in produc- 
tion, the average number of men working 
daily at anthracite operations remained ap- 
proximately the same, as the productivity 
rate decreased approximately .90 tons per 
man-day; 6.55 tons in 1970, as compared 
with 7.45 tons in 1969. The total number 
of man-days worked was 1,447,000, or ap- 
proximately 5 percent more than in 1969. 

Legislation and Government Programs. 
—State and Federal Government pro- 
grams in the environmental area continued 
through 1970 and included underground 
mine fire control, refuse or culm bank-fire 
control, surface subsidence, mine-water 
drainage control, and reclamation of old 
strip pits. 

A survey of anthracite solid waste 
accumulations (refuse banks) undertaken 
in 1967, disclosed a total of 861 banks con- 
taining over 910 million cubic yards of 
material that occupy a total of about 19 
square miles. In relating the distribution 
of these banks to urban areas in the four 
anthracite fields, it was discovered that 73 
percent, or 582, of the banks are located 
within 2 miles of the traffic centers of the 
principal areas of population. Twenty- 


1 Statistical assistant, Division of Fossil Fuels. 
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Table 1.—Salient statistics of the Pennsylvania anthracite industry 


1966 1967 1968 1969 1970 
Production: 

Preparation plants........... short tons..12,139,106 11,481,582 10,799,260 9,920,180 9,304,221 
Dredgesgs__....... 0.... 661,017 631,660 605,920 535,369 409,354 

Used at collieries for power and heat 
do 141, 141 142, 821 55, 653 17,417 15,823 
Total production do....12,941,264 12,256,063 11,460,888 10,472,916 9,729,898 
CITE thousands.. $100,663 $96,160 $97,245 $100,770 $105,841 


be is sale realization per short tons on prep- 
tion plant shipments (excludes dredge coal): 


Pea and larger $11.11 $11.58 $12.40 $13.56 $15.06 
ee o. 1 and amaller $6.40 $6.35 $6.87 $7.93 $8.92 
A E MK CO A $8.08 $8.15 $8.78 $9.91 $11.03 

Puce $ s Of t total Gu ei plant shipment 

€ = rece coal) 
d larger acc cai 85.6 34.8 34.6 85.1 84.4 
Buckwheat o. 1 and smaller 64.4 65.2 65.4 64.9 65. 6 
Eper! A short tons.. 766, 025 594,797 518, 159 627,492 789,499 
Consumption, apparent do....11,400,000 10,800,000 10,160,000 $8,809,000 $8,248,000 
Average number of days worked. ...........- 208 219 217 232 241 
Average number of men working daily. ....... 9,292 7,750 6,932 5,927 6,000 
Output per man per dag Short tons.. 6.87 7.21 7.62 7.45 6.55 
Output per man per year.............. do 1. 895 1,579 1,654 1,728 1,516 
Quantity enr OY machines do.... 246,658 146, 908 61,245 68,300 125,779 
uantity mined by stripping F do.... 5,253,408 4,740,187 4,696,168 4,578,732 4,541,452 
tity loaded by machines underground 
do.... 2,590,547 1,997,806 1,475,000 1,326,598 1,150,596 
Distribution: 

Receipts in New England 8 , . e bexseEeR 
Exports to Canada 111. do.... 624,280 448,744 401,314 472,763 438,008 
Loaded into vessels at Lake Erie 5. 208 , 482 206,975 204 , 682 209,000 154,002 


1 U.S, Department of Commerce, 1966-70 export data does not include shipments to U.S. military forces. 


ur NOTE, tables 8 and 28. 


g with 1961 exports to the U.S. military forces in West Germany were taken into consideration. 


See NOTE, tables 8 and 28. 


3 Commonwealth of Massachusetts, Division on the Necessaries of Life. 


4 Data discontinued after September 1966. 
5 Ore and Coal Exchange, C eveland, Ohio. 


seven banks were burning at the time the 
survey was taken. 

Current environmental problems in the 
highly populated northeastern part of 
Pennsylvania are attributed to past unreg- 
ulated mining methods. Smoke and nox- 
ious gases emanate from burning refuse 
banks, acid mine water pollutes streams, 
and hazardous deep and surface mine 
openings pose a serious threat to public 
safety and economic growth. 

Long-range plans are being projected to- 
ward completely eliminating the refuse 
banks and pits, which are unsightly and 
unsafe. The quantity of material in refuse 
banks is currently being diminished to 
some extent by reclaiming marketable coal, 
and by using the waste for backfilling of 
abandoned strip pits and underground 
mines. 

A program was initiated to develop 
methods and to demonstrate the feasibility 
of quenching and removing burning coal 
refuse. An important phase of the project 
involved setting up instruments to monitor 
the atmosphere. Data were obtained con- 
cerning the types and concentration of 
gases and dust emitted from burning ref- 


use banks. A preliminary report of inves- 
tigation evaluating the cost data, quench- 
ing and excavating cycles, safety 
procedures, equipment performance, and 
environmental factors (control of fumes 
and dust) was prepared. 

Projects were also undertaken in surface 
subsidence control caused by underground 
mine voids. Research on underground void 
filling and sealing with dry ash was ex- 
tended to include the use of fly ash-ce- 
ment-water grouts containing up to 10 per- 
cent portland cement and 100 gallons of 
water per ton of solid. Flow. characteristics 
of the mixture were good, and the airtight 
seals obtained served as effective roof sup- 
port. The method has now been applied 
in anthracite coal fields where under- 
ground fires or subsidences have created se- 


rious problems. 


The Bureau of Mines and the Geological 
Survey continued to gather hydrologic data 
for evaluating mine water problems. The 
studies involve determination of the vary- 
ing heights of underground mine pools, 
hydrostatic pressure effects upon barrier 
pillars and mine dams protecting active 
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Figure 1.—Coalfields, regions, and counties of the Pennsylvania anthracite area. 


mining operations and discharges from 
flooded mines into surface streams. 

The Commonwealth of Pennsylvania 
contracted for an acid mine discharge 
plant to be located near Wilkes-Barre, Pa. 
The plant would treat 5 million gallons of 
acid water per day now flowing into the 


Susquehanna River. It will employ flash 
evaporation to produce ultrapure water for 
sale. Plans call for obtaining steam from 
proposed independent electric stations 
which would use culm as a fuel; otherwise, 
the plant will include its own boilers. 
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DOMESTIC PRODUCTION 


Production of Pennsylvania anthracite 
totaled 9.7 million tons in 1970, a decrease 
of 7 percent, or 743,518 tons less than in 
1969. All sources registered declines. 

The Schuylkill region contributed 54 
percent of the total production, the same 
level as in 1969; the Lehigh region, 25 per- 
cent (23 percent in 1969); and the Wyo- 
ming region, 21 percent (23 percent in 
1969) . 

Production from the four fields was as 
follows: 16 percent from the Eastern Mid- 
dle, 26 percent from the Western Middle, 
37 percent from the Southern, and 21 per- 
cent from the Northern field. 

Of the total fresh-mined coal (strip plus 
underground) produced in 1970, the Le- 
high region accounted for 23 percent; 
Schuylkill region 52 percent; and Wyoming 
region, 25 percent. 

Underground production continued to 
decline in 1970. Of the total underground 
output, the Lehigh region accounted for 2 
percent, the same level as in 1969; 
Schuylkill region increased its total to 66 
percent (60 percent in 1969); and Wyo- 
ming region, 32 percent (38 percent in 
1969), a decrease of 16 percent. Each of 
the three regions showed losses in 1970. 
Output in the Lehigh region decreased 24 
percent; Schuylkill region 9 percent; and 
the Wyoming region 30 percent. 

Mechanical loading of underground an- 
thracite in 1970 declined by 13 percent 
from the previous year with a correspond- 
ing decrease in mechanical equipment; 
however, of the total underground output, 
66.1 percent was loaded mechanically com- 


pared with 63.0 percent for 1969. Two 
mining machines (1 more than in 1969) 
undercut 125,779 tons of anthracite. 

Production from strip mines totaled 4.5 
million tons, and accounted for 47 percent 
of total anthracite production in 1970, 
compared with 44 percent in 1969. Output 
in the Lehigh region declined approxi- 
mately 13 percent; however, production in 
the Schuylkill and Wyoming regions in- 
creased by 3 percent and 11 percent, re- 
spectively. Of the total strip mine output, 
46 percent was mined in the Schuylkill re- 
gion, 32 percent in the Lehigh region, and 
22 percent in the Wyoming region. 

There were 94 power shovels (10 less 
than in 1969), and 146 draglines (19 less 
than in 1969), being used in stripping 
Pennsylvania anthracite and in the recov- 
ery of anthracite from culm banks. 

Production from culm banks totaled 3.0 
million tons, approximately 217,000 tons 
less than in 1969, or a decline of 7 per- 
cent. Output by region was as follows: 
Schuylkill region, 52 percent; Lehigh re- 
gion, 30 percent; and the Wyoming region, 
18 percent. 

Dredging operations produced approxi- 
mately 409,000 tons in 1970, a decrease of 
24 percent compared with the previous 
year. As the preponderant part of the river 
coal is “captive” tonnage (coal used by the 
producer), it is not nearly as responsive to 
fluctuations in the general market as the 
small sizes produced from other sources. 
Approximately 4 percent of the total an- 
thracite production was dredged. 


DISTRIBUTION 


For the 1969-70 coal year, shipments of 
Pennsylvania anthracite were about 
9,567,000 tons, approximately 271,000 tons, 
or 2.8 percent below 1968-69 coal year 
shipments, Shipments to destinations 
within the United States declined 3.0 per- 
cent, while exports to Canada increased by 
5.7 percent. In contrast, the exports to 
countries other than Canada decreased 3.6 
percent. 

Shipments of pea and larger sizes, to the 
markets in the United States, during the 
1969-70 coal year, decreased by 10.5 per- 
cent from the level achieved in 1969. 
Buckwheat No. 1 declined 6.3 percent, 


buckwheat No. 2 (rice) dropped by 7.7 
percent, while buckwheat No. 3 (barley) 
increased by 1.2 percent; other sizes, not 
otherwise identified, increased by 7.7 per- 
cent. Increased shipments to western Eu- 
rope were due, in a large part, to ex- 
panded requirements of the U.S. Armed 
Forces in Germany. 

Shipments into the New England area, 
the Middle Atlantic States, and the Lake 
States, declined by 23.1 percent, 0.9 per- 
cent, and 7.8 percent, respectively. How- 
ever, the shipments to “Other States” in- 
creased by 4.9 percent. 
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CONSUMPTION AND USES 


Apparent consumption of Pennsylvania 
anthracite in the United States in 1970, 
calculated as production minus exports, in- 
cluding that exported to West Germany 
for use of U.S. Armed Forces, totaled 8.2 
million net tons, a decline of 6.4 percent. 
Although use data on anthracite are in- 
complete, the major part of the loss was 
attributed to the continued decline in the 
use of anthracite for space heating. A sig- 
nificant portion of the coal was consumed 
by electric utilities. 

The approximate domestic consumption 


of anthracite in 1970 was as follows: 49 
percent for residential and commercial 
heating purposes, 23 percent for electric 
power generation, 11 percent for the iron 
and steel industry, and 17 percent for 
other uses. 

The Federal Government continued to 
supplement the fuel needs of the U.S. 
Armed Forces in West Germany with pur- 
chases of anthracite. Shipments in 1970 
were 692,000 tons compared with 992,000 
in 1969, a decrease of approximately 31 
percent. 


STOCKS 


Monthly data on stocks held in retail 
yards indicated that dealers operated with 
lower inventories during the first 6 months 
of 1970. However, dealers increased their 
stocks thereafter, and by the end of De- 
cember had 202,000 tons in inventory, an 
increase of 42.2 percent over yearend stocks 
of 1969. 

The utilities reported a decrease of 15.3 
percent in their inventory—1,099,000 tons 


at the end of 1970, compared with 
1,297,000 tons at the end of 1969. 

Stocks at coke plants totaled 121,000 tons 
at the end of the year, a decrease of 6.9 
percent from that of 1969. 

Stocks at the Upper Lake docks (Lake 
Superior and Lake Michigan) dropped 
from 21,000 in 1969 to 6,000 in 1970, a de- 
crease of 71.4 percent, 


PRICES AND SPECIFICATIONS 


“Based on total production, including col- 
liery fuel and dredge coal, the value of 
Pennsylvania anthracite averaged $10.83 
per short ton in 1970, an increase of 13 
percent from the $9.62 per ton recorded in 
1969. Total value reached $105,340,747, an 
increase of 5 percent. Average values for 
all sizes of anthracite increased in 1970. 

Although the larger sizes of anthracite 
amounted to only 34.4 percent of the 
year's output (35.1 percent in 1969), they 
accounted for 45.8 percent of the industry's 
total revenue because of an 11 percent per 
ton price increase. The average value for 
the pea and larger group of sizes was 
$15.06 per ton f.o.b. preparation plant, a 
gain of $1.50. 

The average value of the buckwheat and 
smaller sizes was $8.92 per ton, a gain of 


$0.99 over that of 1969, Increases per ton 
for the larger sizes—egg, stove, chestnut, 
pea—were $0.98, $1.35, $1.55, and $1.73, re- 
spectively. The per ton increases for the 
smaller sizes were as follows: Buckwheat 
No. 1, $1.73; buckwheat No. 2 (rice), 
$1.67; buckwheat No. 3 (barley), $1.57; 
buckwheat No. 4, $0.84; buckwheat No. 5, 
$0.18; and other, $0.84. All the above 
prices include dredge coal. 

Average wholesale prices as quoted in 
the Black Diamond magazine were as fol- 
lows: Egg and stove, $16.75 to $17.95; chest- 
nut, $16.50 to $17.90; pea, $14.50 to $15.40; 
buckwheat No. 1, $14.00 to $15.00; buck- 
wheat No. 2 (rice), $14.00 to $15.00; and 
buckwheat No. 3 (barley), $13.00 to 
$13.25. 


FOREIGN TRADE 


Exports of anthracite totaled 789,000 
tons, an increase of approximately 26 per- 
cent over the 627,000 tons shipped to for- 


eign countries in 1969. Shipments to Can- 
ada declined from approximately 473,000 
tons in 1969 to 438,000 tons in 1970, a de- 
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crease of 7 percent. However, shipments to 
the European countries increased from ap- 
proximately 106,000 tons in 1969 to 302,000 
tons in 1970. The remainder was exported 
to markets in Australia, South America, 
and Asia. 


WORLD 


Precise data from all anthracite produc- 
ing countries are not available. Some fig- 
ures are only estimates and some countries 
include in their data coals which by U.S. 
standards are of no higher quality than 
semianthracite. Despite these inadequacies, 
information is sufficiently accurate to indi- 
cate general trends. 

Europe, including the U.S.S.R., main- 
tained the lead in world production with 
approximately 125.4 million tons, or 62.2 
percent of the total world output. Produc- 
tion in the Soviet Union, the world's larg- 
est producer, was estimated at 87.0 million 
tons, an increase of 2.7 percent over that 
of 1969 and accounted for approximately 
43 percent of the total world output. 

Other leading anthracite producing 
countries, included North Korea, with 11.9 
percent of world output, and mainland 
China, with 10.9 percent. Production of 
anthracite in Eastern Europe and Asia in- 
creased 4.3 percent from 1969. Total world 
production was approximately 201.6 mil- 
lion tons in 1970 compared with 199.0 mil- 
lion tons in 1969. 

Italy's anthracite imports from January 
to June of 1970 totaled 378,094 short tons 
of which 79 percent was supplied by the 
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Although anthracite from the Pennsylva- 
nia region is shipped to the Netherlands 
and West Germany for ultimate delivery 
to, and use by the U.S. Armed Forces in 
West Germany, it is not considered an ex- 
port and therefore, is not included in the 
export total. 


REVIEW 


Japan's imports of anthracite for the 
January-November period totaled 1,384,238 
tons, compared with 1,296,023 tons for the 
same period in 1969, an increase of ap- 
proximately 7 percent. Canada, mainland 
China, the Republic of Korea, and the Re- 
public of South Africa supplied 76 percent 
of the total. 

The approximate consumption of an- 
thracite in Japan for the same period was 
as follows: Gas plants, 7 percent (9 per- 
cent in 1969); coke plants, 13 percent (7 
percent in 1969); chemical plants, 14 per- 
cent (22 percent in 1969); briquet plants, 
29 percent (26 percent in 1969); and 
"other", 37 percent, (36 percent in 1969). 

Spain's anthracite shipments during 1970 
were dispatched largely to West European 
countries, particularly to the European 
Economic Community (EEC). West Ger- 
many was the principal consignee during 
this 9-month period (January-September) 
with a total 89,957 tons, or approximately 
79 percent of the total shipment of 114,086 
tons. 

Shipping arrangements for the exports of 
anthracite from the Republic of South Af- 
rica were numerous, and reportedly there 
were contracts for shipments to Belgium, 


Republic of South Africa, the United the Netherlands, Italy, and Japan during 
Kingdom, and the U.S.S.R. the period from February to March. 
TECHNOLOGY 


Little progress has been made during 
the past several years in improving anthra- 
cite underground mining techniques. The 
Pennsylvania Department of Mines and 
Mineral Industries continued research and 
development on automated anthracite min- 
ing methods with semilongwall and pitch 
capabilities. 

Research continued on the preparation 
characteristics of the Kidney Seam in the 
northern anthracite field. 

Data collected from laboratory experi- 
ments and actual field operations over a 


period of 10 years demonstrated that low 
ash anthracite, high in anthraxylon, which 
has low friability and correct size and 
shape, had definite advantages over any 
other media for use as a filter medium in 
sewage sludge beds, alkali and acid filters, 
etc. Modern trends are toward coarser 
filter media, and more attention is being 
given to pretreatment and the removal of 
impurities before the water reaches the 
filter. 

Many filters are using sands which are 
too fine and these sizes cannot be increased 
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to the optimum size needed without in- 
creasing particle weight to a point where 
proper expansion is impossible with the 
available wash water velocity. By using an 
anthracite filter, a coarse grain size can be 
obtained and the particle is still light 
enough to permit the correct degree of ex- 
pansion. High filter rates can be main- 
tained without sacrificing the quality of ef- 
fluent. Coatings do not.build up on the 
anthracite to the extent that they do on 
sand, and the anthracite is not soluble in 
acids or alkalis. Losses due to attrition 
amount to approximately 0.2 percent an- 
nually, a rate no greater than that of 
sand. Data on 10 years operation show 
very little change in particle size or loss of 
filter medium. 

In brief the research demonstrated that: 
Cost is volumetrically for anthracite filter- 
media lower than for sand; a high degree 
of expansion is obtainable, guaranteeing 
cleaner filters; coarser sizes can be used for 
higher rates; longer filter runs up to 150 
percent are possible; wash water costs are 
reduced 30 to 50 percent; and cleaning is 
easier because of reduced cementing with 
lime, manganese or iron. 

Maps of abandoned underground mines 
in the anthracite region continued to be 
microfilmed as part of a Bureau of Mines’ 
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program to preserve old mine maps for fu- 
ture studies of subsidence, for mine fire 
control, and for evaluating building sites.2 
The data accumulated by the map folio 
program proved an invaluable aid in de- 
veloping a report requested by the U.S. 
Army Corps of Engineers relating to a 
proposed dike project in the northern an- 
thracite field. 

At the end of fiscal year 1971, a total of 
8,118 maps have been recorded on 20,788 
frames. Adding to this, 1,310 frames were 
used for recording the subsidence report of 
the U.S. Army Corps of Engineers, and 
1,078 frames were used for recording 
mine-map folios, making a grand total of 
23,176 frames of microfilm record. 

As a solution to the problem of acid 
drainage from coal mine waste, experi- 
ments are being conducted on a huge gob 
pile on the theory that oxygen produces 
the sulfuric acid that seeps from the gob 
piles. Laboratory experiments have sub- 
stantiated the theory that as little as 1 
foot of earth may choke oft the oxygen 
needed to unite with the waste to produce 
the acid.3 


2 Gait, G. B. Microfilming Maps of Abandoned 
Anthracite Mines: Mines in the Western Middle 
Anthracite Field. BuMines Inf. Cir. 8519, 1971.- 

3 Coal Mining and Processing, December, 1971. 


Table 2.—Standard anthracite specifications approved and adopted by the Anthracite 
Committee, effective July 28, 1947 


Size Round test mesh 

(inches) 
Broken... 122202520525 Through 496 
Over 314 to 332 
Egg----.- . - . . ðͤ A A Through 3% to 3 
Over 27$. ---------- 
Stock 8 Through 27 f 
Over 14 
Chestnut... . rasca Through 15$.......- 
Over 1 
Pesos . AAA A bass Through 54. ......- 
Over 945.2. -------- 
Buckwheat No. 1............- Through Y 
Over 5 RNA T la ns: 
Buckwheat No. 2 (rice)....... Through b AE 
Ver Ag- comu 
Buckwheat No. 3 (barley)..... Through 24...-...-- 
ver $6. .....-.-.--- 
Buckwheat No. 4 Through .......- 
Over M 
Buckwheat No. 5. Through , 


Percent 
Over- Undersize Maximum impurities! 
size — W 
maxi- Maxi- Mini- Slate Bone Ash? 
mum mum mum 
JJ; ˙ AA 8 114 2 11 
35 15 MAS soe. a eee 
STA 5 3 1% 2 11 
REG 15 742 3 11 
E T: Lu Ses 2 8 11 
„ 15 77 astro. aa 
3 FTT 4 11 
F 15 TIo. Z SSS: “aeons! (wes 
3 10 3 4 5 12 
Eben den sence 15 WMG). ola, wwe Esa 
e 10 EEN 13 
3 15 „„ 
as 10 EENEG 13 
F 17 TU. cosas. asco. tes 
ai 10 % O A E 15 
ey id 20 10 11 E e 
aida 20 j) ⁵— 6 15 
a ee 30 10 W 
. 30 No limit Ge fe Sua 16 


1 When slate content in sizes from broken to chestnut, inclusive, is less than above standards, bone content 
may be increased by 1 ½ times the decrease in slate content under the allowable limits, but slate content 


specified above shall not be exceeded in any event. 


A tolerance of 1 percent is allowed on maximum percentage of undersize and maximum percentage of ash 


content. 


Maximum percentage of undersize is applicable only to anthracite as it is produced at preparation plant. 
Slate is defined as any material that has less than 40 percent fixed carbon. 
Bone is defined as any material that has 40 percent or more, but less than 75 percent, fixed carbon. 


2 Ash determinations are on a dry basis. 
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Table 5.—Sizes of Pennsylvania anthracite (excluding dredge coal) prepared at plants, 


by regions 
(Percent) 
Si Lehigh region Schuylkill region 
ize 

1966 1967 1968 1969 1970 1966 1967 1968 1969 1970 
Lump i and broken JJ. ³ðVW ³⅛6A ease wees cece 
LU A ͤ 2.7 46 4.5 4.6 4.0 0.9 1.2 1.2 1.2 1.0 
A A y 11.1 11.0 10.3 10.0 9.4 9.3 9.4 9.4 9.8 10.7 
, AA 12.4 12.1 12.0 13.1 11.1 12.0 10.7 11.1 11.3 12.8 
POS A A A 7.4 9.0 10.9 10.7 9.2 8.8 8.0 7.7 7.4 8.8 
Total pea and larger 88.6 36.7 87.7 38.4 38.7 30.5 29.8 29.4 29.7 82.8 
Buckwheat No. 1....................- 11.8 10.5 11.0 11.7 10.2 12.1 11.0 11.0 11.2 11.0 
Buckwheat No. 2 (rice) 9.9 8. 9.6 11.2 9.4 10.2 9.2 9.5 9.2 9.8 
Buckwheat No. 3 (barley)............. 9.1 9.1 10.3 10.8 11.9 13.3 11.1 11.8 14.5 18.1 
Buckwheat No. 4 6.2 6.0 6.6 8.0 7.2 7.0 6.7 6.5 7.0 6.8 
Buckwheat No. 55 14.8 15.9 16.9 16.9 14.7 14.1 12.8 13.0 13.2 13.5 
Other? GE 15.1 12.9 7.9 3.0 12.9 12.8 19.9 18.8 15.2 13.5 

Total buckwheat No. 1 and 
smaller, 66.4 63.3 62.3 61.6 66.3 69.5 70.7 70.6 70.3 67.7 

Wyoming region 3 Total 

Lump i and broken. ................-- (4) (4) ©. ---- acca (9 (4) (0. cx wees 
^. A MSN HOUSED Ee 8.4 8.0 1.9 . 2.4 2.0 2.6 2.2 2.5 2.1 
EE 18.1 12.0 11.7 12.0 10.8 10.8 10.5 10.2 10.4 10.3 
Chestnut. ................ . . ........- 17.2 15.8 15.6 15.9 15.5 138.5 12.4 12.5 12.8 12.7 
EE 12.6 12.1 12.2 12.2 11.5 9.3 9.3 9.7 94 9.3 
Total pea and larger 46.3 42.9 41.4 43.2 39.7 35.6 34.8 34.6 35.1 34.4 
Buckwheat No. 11111 15.0 13.3 14.4 14.7 15.4 12.7 11.5 11.9 12.2 11.8 
Buckwheat No. 2 (rieei. ...--------- 9.7 9. 92 94 8. 99 9.2 9.4 9.7 9.4 
Buckwheat No. 8 (barley)............- 10.8 10.6 10.3 9.7 10.7 11.6 10.4 11.1 12.4 12.2 
Buckwheat No. 44... 4.7 2.6 2.6 3.6 5.3 6.2 5.4 5.5 6.4 6.6 
Buckwheat No. 5....................- 48 6.0 51 2.6 4.5 11.6 11.9 11.8 11.6 11.8 
M... 8 9.2 15.2 17.0 16.8 15.7 12.4 16.8 15.7 12.6 18.8 

Total buckwheat No. 1 and 


smallerrttt.. 


3 Includes Sullivan County. 
4 Less than 0.05 percent. 


53.7 57.1 58.6 56.8 60.8 64.4 65.2 65.4 64.9 65.6 


1 Quantity of lump included is insignificant. 
2 Includes various mixtures of buckwheat Nos. 2 to 5 and coal of relatively low dollar value. 
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Table 6.—Sizes of Pennsylvania anthracite (excluding dredge coal) prepared at plants, 


by regions 
(Percent) 
Siz LEHIGH REGION SCHUYLKILL REGION 
e „ A i 8 
Shipped Shipped Shipped Shipped 

by rail by truck Total by rail bytruck Total 
////»ͤ%» )))) A AN 8.0 0.4 4.0 2.4 0.1 1.0 
l^ EE 15.0 4.5 9.4 14.0 8.5 10.7 
Chestnut. uu uu ul. ³ 9.1 12.9 11.1 10.1 13.8 12.3 
I ————— ——P— enn arene 6.8 11.3 9.2 5.5 10.2 8.3 
Total pea and larger..................- 88.9 29.1 33.7 82.0 82.6 32.3 
Buckwheat No. 111 10.1 10.4 10.2 8.7 12.5 11.0 

Buckwheat No. 2 (rice)... 0oocoooooo... 2.8 15.2 9.4 4.3 13.4 9. 
Buckwheat No. 3 (barley)...................- 7.8 15.5 11.9 9.3 15.6 13.1 
Buckwheat No. 4444 12.4 2. 6 7.2 9.9 . 8 6.8 
Buckwheat No. 5 27.8 3.0 14.7 26.3 4.8 13.5 
Other scooter dado baa 2 24.2 12.9 9.5 16.8 13.5 
Total buckwheat No. 1 and smaller...... 61.1 70.9 66.8 68.0 67.4 67.7 

WYOMING REGION 2 TOTAL 
REESE. EE 9.1 .1 2.4 5.1 2 2.1 
8S%000öͤõĩ ũ ́ä ;]U)i;r;; wt qam u s 2 S R 21.3 6.5 10.3 15.4 7.1 10.8 
rr ³ĩðV¹0A usuy a S dS Mee 16.5 15.2 15.5 10.8 13.9 12.7 
EE 6.8 13.3 11.5 6.0 11.8 9.3 
Total pea and larger. 53.2 85.1 89.7 37.3 32.5 34.4 
Buckwheat No. 11111. 10.2 17.2 15.4 9.4 13.8 11.8 
Buckwheat No. 2 (rice)--.... . . 4.4 10.2 8.7 3.8 12.9 9.4 
Buckwheat No. 8 (barley )))) 11.4 10.4 10.7 9.2 14.2 12.2 
Buckwheat No. 44 14. 8 2.0 5.3 11.4 3.6 6.6 
Buckwheat No. 555 5.2 4.3 4.5 23.6 4.3 11.8 
i as .8 20.8 15.7 5.8 19.2 13.8 
Total buckwheat No. 1 and smaller 46.8 64.9 60.3 62.7 67.5 65.6 
1 Includes various mixtures of buckwheat Nos, 2 to 5 and coal of relatively low dollar value. 
2 Includes Sullivan County. 
Table 7.—Production of Pennsylvania anthracite in 1970, by regions and counties 
(Thousand short tons and thousand dollars) 
Rail shipments Truck shipments Colliery fuel Total 
Source production ! 


Quantity Value? Quantity Value? Quantity Value Quantity Value: 


REGIONS 
high: 
reparation plants 1,118 312,150 1,266 $13,452 6 $79 2,890 $25,682 
Schuylkill: 
Preparation plants.... 1,946 19, 672 2,893 32,214 5 61 4,844 51,947 
Dredees 328 2,180 81 912 xus. mue ehe 409 2,493 
Total Schuylkill 1. 2,274 21,852 2,974 32,526 5 61 5,253 54,440 
Wyoming: 
T aoe plants 2. 534 7,121 1,547 18,044 5 55 2,086 25,219 
otal: 
Preparation plants.... 8,598 88,943 5,706 68,710 16 195 9,820 102,848 
Dredges............. 828 2,180 81 BIZ; ¿mess olaa 409 2,493 
Grand total 1. 3,926 41, 123 5,787 64, 022 16 195 9,729 105, 341 
COUNTIES 
Berks, Lancaster, and | 
Snyder..............-- 328 2,180 81 17 Ae e, 409 2,493 
bon 324 3,517 139 17013 Liestos ricas 468 4,580 
Columbia ...............- 175 2,355 214 „ 6%/0c0 A 389 4,119 
Dauphin... nn 14 174 r eRzeiz 88 425 
Lackawanna.........-.-- 175 2,218 226 2,911 $3 402 5,182 
LODO. caracas: VV “aos. dabas cda Me EE Se ates 
ternet 922 11,222 1,916 21,654 10 127 2,848 33,008 
Northumberland. ........ 242 2,001 4 8,738 1 3 1,007 10,741 
Schuylkill............... 1,746 17,454 2,256 26,417 5 62 4,007 43,933 
A A 116 964 ....... ...---. 116 
Süsquehahna..-..c-cusw ⁵ ] Ef (muelas arios Jaw NEN ss 
Total -_.. 8,926 41,128 5,787 64,022 16 195 9,729 105,341 


1 Data may not add to totals shown because of independent rounding. . 

2 Value given for shipments is that at which coal left possession of producing company; does not include 
selling veneer 

3 Includes Sullivan County. 
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Table 8.—Pennsylvania anthracite produced, by fields 
(Thousand short tons) 


Field 1966 1967 1968 1969 1970 
Eastern Middle: Breakers and washeries. .......... 2,009 2,039 1,559 1,583 1,511 
Western Middle: 
Breakers and washer ies. 3,025 2,893 2,840 2,806 2,540 
ne, ß . 26 27 17 5 W 
rr ³ĩ·¹ww A us 3,051 2, 920 2, 857 2,811 W 
Southern: 
Breakers and washer ies 3,781 3,604 3,557 3,183 8,183 
e A A 635 605 589 530 W 
J7/§ö;˙éðṽ d ] . ¾ 59m. E eee 4,416 4,209 4,146 3,713 W 
Northern: Breakers and washeries !____..........-. 3,465 8,088 2,899 2,966 2,086 
Total: 1 
Breaker and washer ies 12,280 11,624 10,855 9,938 9,820 
Dyedges? Zeien ß 2 662 632 606 585 409 
Grand tota loco ee e et 212,941 12,256 11,461 10,478 9,729 


W Withheld to avoid disclosing individual company confidential data. 
1 Includes Sullivan County. 
? Data may not add to totals shown because of independent rounding. 


Table 9.—Pennsylvania anthracite produced in 1970, classified as fresh-mined, 
culm-bank, and river coal, by fields and regions 
(Thousand short tons) 


Fresh-mined coal 
From From 


Source Underground mines culm river Total ! 
— — — — Strip banks dredging 
Mechanically Hand Total 1 pits 
loaded loaded 
FIELDS 
Eastern Middle 16 8 19 857 635 .......- 1,511 
Western Middle.......... 93 214 307 1,088 1,145 
Southern 485 375 860 1. 591 733 W 
Northern 22 5888 8 556 1. 006 52 2, 086 
KEE 1,151 591 1,742 4,541 3,036 409 9,729 
REGIONS 
Lehigh.................- 35 3 38 1,431 921 ........ 2,390 
Schuylkill..............- 560 588 1,148 2,104 1,591 . 409 5,253 
Wyoming ?.............- 558 556 1,006 524 “0 2,086 
Totals. usina 1,151 591 1,742 4,541 3,036 409 9,729 


W Withheld to avoid disclosing individual company confidential data. 
1 Data may not add to totals shown because of independent rounding. 
2 Includes Sullivan County. 


Table 10.—Production of Pennsylvania anthracite from strip pits 


Mined by Percent of Number of Average 


stripping fresh-mined men number 

(thousand coal employed of days 

short tons) worked 
EE setae 20i une ĩ . o 8 5,253 56.2 2,085 225 
AA A sees eee eee see! 4,740 59.3 1,883 237 
A ³ ³¹˙¹ü d 4, 696 65.7 1.891 239 
1969 AMAIA EON 4,579 68.5 1,787 256 

1970: 

Lehigh regior[nnnnn 1,431 97.4 517 800 
Schuylkill region 2,104 64.7 788 244 
Wyoming region “iin 1. 006 64.4 509 264 
Total or average 4,541 72.3 p 1,809 p 265 


p Preliminary. 
1 Includes Sullivan County. 
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Table 11.—Power shovels and draglines used in recovering coal from culm banks and 
stripping Pennsylvania anthracite, by type of power 


1968 1969 1970 
Type of Number Number Number Number Number Number 
power 0 0 Total of of Total of of Total 

power drag - power drag- power drag- 

shovels lines shovels lines shovels lines 
Gasoline 6 5 11 3 3 6 4 2 6 
Electric. ....... 26 40 66 27 87 64 18 40 58 
Diesel. 81 144 225 74 124 198 72 104 176 
Diesel- electric 1 I. EP TET 1 li. tote A NE 8 
Total. 113 190 303 104 165 269 94 146 240 


Table 12.—- Production of Pennsylvania anthracite from culm banks, by regions 


(Thousand short tons) 


Vear Lehigh Schuylkill Wyoming Total ! 
region region region 
A 971 1,390 578 2,938 
11 ³ ³5ÄKAſͤ ⁰⁰ 1,134 1,710 782 3,627 
EE 958 1,868 883 3,709 
193999. ⁵ð A au S 775 1.815 662 3,253 
11!!! y au pu EE 921 1,591 524 8,036 


1 Data may not add to totals shown because of independent rounding. 


Table 13.—Pennsylvania anthracite produced by dredges, by rivers, including tributaries 


(Thousand short tons and thousand dollars) 


Schuylkill River Susquehanna River Total 1 
Year Average Average Average 
Quantity Value value Quantity Value value Quantity Value value 

(per ton) (per ton) (per ton) 
1966... 57 $180 $3.16 605 $2,107 $3.48 662 $2,287 $3.46 
1967. 39 116 3.00 593 2,140 3.61 632 2,25 3.57 
1968 45 157 3.50 561 2,066 3.68 606 2,224 3.67 
1969 53 185 3.50 483 2,091 4.33 535 2,276 4.25 
1970 W W W W 409 2,493 6.09 


W Withheld to avoid disclosing individual company confidential data. 
1 Data may not add to totals shown because of independent rounding. 


Table 14.—Estimated production of Pennsylvania anthracite, by weeks, in 19701 


Week ended— Thousand Week ended— Thousand Week ended— Thousand 
short tons short tons short tons 

a 231 May 9 168 Sept. 122 161 
77 A 183 11 S 171 11 8 232 

i iy EENAA 218 99 202 26.222 ts 215 

2 cce 182 dO. AAA 189 Oct. 3............. 229 

88 194 June 666 184 Mees tees aain 204 
FB . . .- 204 I9. 195 11 da 199 
FFF 198 2 A 222 FCC 215 
%% aus 193 TT 186 81414ö —8 176 
See 174 July 4 N 199 
C Z22022 yo 188 I A 81 CIC 182 
E eese 194 7 o le e 194 1111 8 210 

2 CEE cates 165 3 191 38 t NES 192 

22 coe ates 188 Aug. 1............- 199 Dee. 55 198 
( S 177 Nelle A 193 CCC ae ie 152 
J| ͤ ĩ sag 167 TTT 231 12ö;à] 22 s 178 
AA 170 2 208 23 8 163 

e BE 185 74: PENES 208 Jan. 222222 2153 

May o - 171 Sept. 8 191 — 
Totaal 9,729 


1 Estimated from weekly carloadings as reported by the Association of American Railroads and other fac- 


torg; adjusted to annual production from Bureau of Mines canvass. i 
3 Figures represent output of working days in that part of week included in calendar year shown. 
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Table 15.—Estimated monthly production of Pennsylvania anthracite 1 


(Thousand short tons) 
Month 1966 1967 1968 1969 1970 
JADURIV cuac 4 1,108 1,101 965 973 808 
Mebruary ??, l L. 1,091 939 962 911 770 
CCC/ô§öéÜ1m . ¼ ĩͤ . 1,08 979 960 898 814 
e E chis 1,058 952 926 916 759 
BY ¿22 tup us E 1,108 1,102 986 869 763 
NEE 995 824 812 809 
July a — T 745 899 853 704 707 
Ä ria as 1,191 1,182 1,016 877 898 
September 1,145 1,071 9 947 880 
oce ECCE 1,221 1,073 1,136 985 895 
November 1. 145 1,017 994 831 815 
December 1,108 996 886 750 811 
// ⁰˙¹w-r ‚ 12,941 12,256 11,461 10,473 . 9,729 


1 Production is estimated from weekly carloadings, as reported by the Association of American Railroads, 
and includes mine fuel, coal sold locally, and dredge coal, 


Table 16.—Pennsylvania anthracite loaded mechanically underground, by fields 


(Thousand short tons) 
Scraper Pit-car Hand-loaded face Total 
loaders 1 loaders conveyors, all mechanically 
Field types 1 loaded 3 

1969 1970 1969 1970 1969 1970 1969 1970 
Nennt ²ĩ» 452 393 14 4 329 159 795 556 
Eastern Middle 4 8 coined A 10 8 14 16 
Western Middle 24 30 iva ases 83 58 108 93 
Southern. ..................-.-.- 276 288. 22.4 ss sss 134 248 410 485 
Total® 2. o 751 674 14 4 556 472 1,827 1,151 


1 Includes mobile loaders. 
2 Shaker chutes, including those equipped with duckbills. 
3 Data may not add to totals shown use of independent rounding. 


Table 17.—Pennsylvania anthracite loaded mechanically underground 


(Thousand short tons) 
Scraper loaders Mobile loaders Conveyor ! and Total ? loaded 
Y pit-car loaders mechanically 
ear —————— ——————————— oO —  ——ə———.——.—. 
Number Quantity Number Quantity Number Quantity Number Quantity 
of units loaded of units loaded of units loaded of units loaded 

16 8 151 788 30 328 888 1,474 564 2,591 
1967.2... S. 119 707 21 201 228 1,090 868 1,998 
186 3838ö 131 710 26 121 184 643 341 1,475 
1988988 8 106 567 25 190 158 570 289 1. 327 
1970 — 103 491 20 183 147 476 270 1,151 


1 Includes duckbills and other self-loading conveyors. 
2 Data may not add to totals shown because of independent rounding. 


Table 18.—Trends in mechanical loading, i hand loading, and stripping of 
| Pennsylvania anthracite 


(Thousand short tons) 
Fresh-mined coal 
Underground Strip pits 
Year — 
Mechan- Percent Percent Percent Total 3 
ical of total Hand of total Total? Quantity of total 
loading under- loading under- fresh- 
ground ground mined 

1 98838ö ĩð “ 2, 591 63.4 1.498 86.6 4,088 5,258 56.2 9,342 
19677 1,998 61.8 1,260 88.7 8,258 4,740 59.8 7,998 
1968............ 1,475 60.2 975 89.8 2,450 4,696 65.7 7,146 
19689 1.827 63.0 779 87.0 2,106 4,579 68.5 6,685 
1970- siis 1,151 66.1 591 83.9 1,742 4,541 72.8 6,288 


1 Mechanical loading includes coal handled on pit-car loaders and hand-loaded face conveyors. 
2 Data may not add to totals shown because of independent rounding. 
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Table 19.—Average sales realization of Pennsylvania anthracite (excluding dredge coal) 
at preparation plants, by regions and sizes 


(Per short ton) 
Siz Lehigh region Schuylkill region 
A | 
1966 1967 1968 1969 1970 1966 1967 1968 1969 1970 
Lump'and broken. codicia ue. Aë ] ↄ W REL LAE alo: ded en. nene 
or. A ]ĩ⁊ĩö $12.46 $12. F s 99 5145 5 $14.90 n. 42 $12. 35 93: 82 "n ° 185 ae 
BiOVO. oca cin . re c 12.03 12.5 2.93 14.98 11.80 11. : 5.8 

Chestnut.................- 11.95 12. 46 12.93 14. 08 15.19 11.04 11. 53 12.66 13:84 18.29 
e WEE 9.00 9.42 10.88 11.75 13.56 8.66 9.15 10.44 11.91 18.46 
Total pea and larger.. 11.37 11.76 12.18 13.43 14.65 10.51 11.00 12.15 18.88 14.81 
Buckwheat No. 1........... 8.45 9.01 9.70 11.18 12.78 8.68 9.02 10.03 11.56 13.26 
Buckwheat No. 2 (rice)... 9.32 9.62 10.24 11.49 12.94 8.28 8.67 9.80 11.80 12.99 
Buckwheat No. 3 (barley)... 7.58 7.78 8.29 9.42 11.07 7.19 7.43 8.13 9.54 11.05 
Buckwheat No. 4 59 5.48 5.72 5.92 7.16 5.32 5.50 5.91 6.67 7.60 
Buckwheat No. 55 5.38 5.46 5.54 5.80 6.20 4.61 4.70 4.95 5.34 5.54 
PPC 4 . . 2.99 3.13 3.36 3.55 4.14 3.57 3.95 3.56 3.73 3.68 

Total buckwheat No. 1 
and smaller........ .26 6.49 7.20 8.39 8.51 6.23 6.18 6.65 7.76 8.77 
Total all sizes 7.98 8.42 9.08 10.33 10.74 7.58 7.60 8.26 9.48 10.72 

W yoming region ? Total 

Lump i and broken 12.50 14.96 14.80 ..... ..... 12.50 14.96 14.80 ..... ..... 
og A A 12.51 12.74 13.24 13.86 15.62 12.48 12.65 18.12 18.95 14.93 
Ee 12.17 12.66 13.40 14.32 16.00 11.77 12.25 13.02 14.06 15.41 
Chestnut 12.04 12.31 13.58 14.58 16.75 11.59 12.03 13.02 14.12 15.67 
%%%» E u ce 10.34 10.73 11.61 12.81 14.83 9.35 9.75 10.80 12.14 13.87 
Total pea and larger... 11.65 11.99 12.93 13.96 15.98 11.11 11.53 12.40 18.56 15.06 
Buckwheat No. 111. .01 9.60 10.56 11.77 13.62 8.74 9.19 10.18 11.53 13.26 
Buckwheat No. 2 (rice) .18 9.59 10.59 11.79 13.77 8.77 9.16 10.11 11.47 13.14 
Buckwheat No. 8 (barley)... 7.80 7.44 8.26 9.48 11.07 7.28 7.51 8.20 9.49 11.06 
Buckwheat No. 44. .16 5.65 5.80 7.55 7.16 5.56 5.51 5.84 6.56 7.40 
Buckwheat No. 5... 5.43 4.55 4.17 4.65 4.41 4.98 4.95 5.06 5.47 5.65 
Ghee ; 2.04 2.45 2.45 1.98 4.50 8.09 3.43 3.22 3.16 4.00 

Total buckwheat No. 1 
and smaller 6.96 6.58 7.04 7.88 9.56 6.40 6.35 6.87 7.93 8.92 
Total all sizes 9.13 8.91 9.48 10.51 12.09 8.08 8.15 8.78 9.91 11.08 


1 Quantity of lump included is insignificant. 


2 Includes various mixtures of buckwheat Nos. 2 to 5 and coal of relatively low dollar value. 


3 Includes Sullivan County. 


Table 20.—Average value of Pennsylvania anthracite from all sources, by regions 1 
(Per short ton) 


1969 
Region 
Shipped Shipped Colliery 
by rail by truck fuel 
Lehigh.................- $9.89 $10.89 $12.05 
Schuylkill FF 7. 96 9.89 11.11 
Wyoming 3.............. 11.87 9.84 10.11 
Total 9.11 10.07 11.28 
selling ex 


1970 
Total Shipped Shipped Colliery Total 
yrail by truck fuel 
$10.84 $10.87 $10.63 313.30 $10.75 
8.94 9.61 10.94 11.91 10.86 
10.51 13.32 11.66 11.58 12.09 
9.62 10.47 11.06 12.34 10.83 


: 1 Value given for shipments is that at which coal left possession of producing company; does not include 


2 Includes Sul Sullivan County. 


Table 21.—Wholesale prices of Pennsylvania anthracite, in 1970, by sizes 1 
(Per short ton) 


Size Winter 
Egg and Stove. ...................... $16.25-$16.75 
55 ü KA ⁵ bk 16. 00— 16.50 
)))) x 13. 10— 14. 00 
SSES NO. AA A 12.65- 13.60 
Buckwheat No. 2 (rice) 12.60- 13.60 
Buckwheat No. 3 (barlevi ))) 11.50- 12.10 


Spring discount 


$15.75-$16.75 
15.50- 16.50 
13.50- 13.60 
13.00- 13.10 
13.00- 13.10 

12.00 


Summer-fall End of year 
$16.25-$17.25 $16.75-$17.95 
16.00- 17.00 16.50— 17.90 
14.00- 14.10 14. 50— 15.40 
13.50- 13.60 14. 00— 15.00 
13.50- 13.60 14.00— 15.00 
12.50  13.00- 13.25 


1 As quoted in the Black Diamond Magazine. All prices are per short ton f.o.b. at mines. 


410 MINERALS YEARBOOK, 1970 


Table 22.—Employment at operations producing Pennsylvania anthracite 
(including strip contractors) in 1970 


Lehigh Schuylkill Wyoming Total 
region region region ! 
1970 » 1969 
Average number of men working daily: 
Underground. ........................ 25 789 600 1,414 1,397 
In strip MA A 517 783 509 1,809 1,787 
At culm bank 140 251 103 494 488 
At preparation plants 521 805 329 ` 1,655 1,635 
Other surfaca˖e 18 225 328 566 559 
Total excluding dredge operations 1,216 2,853 1,869 5,938 5,866 
Dredge operations... 88828 alus 62 61 
DOR S edades 1,216 2,915 1,869 6,000 5,927 
Average number of days active: 
All operations except dredges. .......... 246 238 241 241 232 
Dredge operations 808 ........- 803 298 
Average, all operations ee 246 239 241 240 232 
Man-days of labor: 
All operations except dredg es 299,222 677,833 451,150 1,428,205 1,358,774 
Dredge operations.. 18,795  ........- 18,795 17,881 
Total, all operations 299,222 696,628 451,150 1,447,000 1,876,655 
Average tons per man-day: 
All operations except dredges. ........... 7.10 6.92 4.81 6.29 7.15 
Dredge operations 26.344 26.34 29.94 
Average, all operations 7.10 7.45 4.81 6.55 7.45 


p Preliminary. 
1 Includes Sullivan County. 


Table 23.—Employment at operations producing Pennsylvania anthracite 
(including strip contractors) by counties 


County 1969 1970 v County 1969 1970 v 

Berks, Lancaster, Lebanon, Luzerne_...-..-...--.--...--.. 2,076 2,102 
Snyder, and Susquehanna. -- _. 59 57 Northumberland. _......-....-- 718 727 
Carbono cocoa asa 217 220 Schuylkill..................... 2,244 2,273 
San 8 148 145 Sullvün.. oc mw 26 26 
Dauphin. ...................-- 73 74 — 
Lackawanna. „4 371 376 d Ke 222 cee wen us. oo 5,927 6,000 


p Preliminary. 
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Table 25.—Truck shipments of Pennsylvania anthracite in 1970, by months, 
and by State of destination 1 


(Thousand short tons) 

Percent 

Destination Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Total 2 of total 
trucked 

Pennsylvania: 

ithin region. 192 166 154 123 114 128 122 163 164 195 151 180 1,847 40.8 
Outside region... 240 210 206 101 178 148 124 181 145 154 147 195 1,979 43.7 
New York 34 35 38 20 37 32 27 87 36 39 45 37 418 9.2 
New Jersey 21 20 24 8 20 17 12 15 12 18 13 17 198 4.4 
Delaware 2 2 2 1 1 2 1 1 2 2 1 2 18 . 4 
aryland__ _ 8 7 4 2 8 2 2 4 50 1.1 
District of Columbia. () () () (Bb) ... ... --- © OU () () (3) 2 1 
Other States 1 (3) 1 1 2 15 8 


Total: 1970... 499 448 432 257 853 326 289 352 863 413 862 487 4,527 100.0 
1969... 544 509 468 396 388 860 261 336 363 430 393 433 4,821 100.0 


1 Compiled from reports of Pennsylvania Department of Mines and Mineral Industries; does not include 
dredge coal. 


2 Data may not add to totals shown because of independent rounding. 
3 Less than 1⁄4 unit. 


Table 26.—Shipments of Pennsylvania anthracite, by destinations 1 


(Thousand short tons) 


Destination 1966 1967 1968 1969 1970 


TRUCK SHIPMENTS 


Pennsylvania: 


o L ese ete 8 2,843 1,986 2,021 1,918 1,847 
Outside region 4«4«ł4«õ«é«õ“ «„ 2,685 2,485 2,269 2,151 1,979 
New dd AAA A A Z eee ue uuu 8 477 418 409 369 418 
New Jersey AREA A A A A IA 392 286 248 247 198 
CJ Ware ta Sum ee uuu eee ae 8 26 28 26 22 18 
Maryland EE 69 89 188 94 50 
District of Colümbi8...-... een Se oe ee a ces eu: 8 6 2 2 2 
Other States: 222 ese apoco lc ad ala 21 20 18 17 15 
Total ociosas taa 6,021 5,812 5,181 4,821 4,527 
RAIL SHIPMENTS 
New England States «kk 221 174 168 107 102 
New York 2-222254 2-. d 957 708 606 645 455 
New ⁰ Tr.. rc A 8 399 328 268 291 178 
Pennsylvania eebe oe raras 1,247 1,052 846 940 847 
A AAA ³ ³ ↄ⸗q yd acess 4 5 1 (3) 1 
eie, e . SE 210 88 82 84 19 
District Sep Columbia. u calada ala 9 10 4 7 
O A y ⁵ĩðVü Sus 29 13 9 
II A E uu a S asss 121 85 98 215 151 
Ii ⁰d Ee 6 51 7 66 
Eno A c occ mcs ⁰(t x 8 108 114 108 102 98 
Wien ðH ais 19 16 14 12 
Minnesota. u ] ⅛⅛! ³ dd ĩð . y su. ee ee 25 22 13 25 51 
Michigan: EE 54 41 42 88 

Other tere 805 244 238 812 408 
Total United States? 2222 c LLL E LLL. 8,768 2,986 2,476 2,792 2,447 

Canada coord cmi ] dk ͤkyd ⁰ͥ⁰yd t E M EE 434 808 7 8 
Other countries. ____.__._...-..-.------ E 741 894 697 853 691 
Ger 4,948 4,186 3,481 4,018 3, 522 


5 from reports of Pennsylvania Department of Mines and Mineral Industries; does not include 
ge coal. 

2 Data may not add to totals shown because of independent rounding. 

3 Less than 14 unit. 
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Table 27.—Consumption of Pennsylvania anthracite in the United States, 
by consumer categories 


(Thousand short tons) 


Residential Iron and steel 
and Colliery Electric Cement industry Other Unaccounted 
Year commercial fuel utilities 1 plants — F — F uses for š 
heating ° Coke Sintering and 
making pelletizing ? 

1966.... 5,622 141 2,192 187 515 897 1,715 131 
1967.... 5,035 143 2,186 239 528 819 1,800 50 
1968.... 4,759 56 2,203 281 532 748 1,635 46 
1969.... 4,209 17 1,849 213 543 623 5 
1970.... 4,042 16 1,897 W 472 464 112885777 8 

e Estimate. W Withheld to avoid disclosing individual company confidential data. Included in “Other 
uses. 


1 Federal Power Commission. 
2 Annual Statistical Report, American Iron and Steel Institute. 
3 Data discontinued after December 1969. 


Table 28.—U.S. exports of anthracite by countries and customs districts 


(Thousand short tons and thousand dollars) 


1969 1970 
Quantity Value Quantity Value 


COUNTRY 
Bet A ³o (1) $1 2 $24 
RUSIA St a a E 5 105 4 207 
Braille ee re 4 197 1 53 
Cañadas cet eck soi mcdium Ec oe Lp 473 6,117 438 5,851 
Che. ease ess fe ⁰yꝑ 0 k EE 1 17 1 17 
Prance 3.252202 56553 5ecc 5 c 2 c ymtß d CE E 1 14 229 8,226 
Germany, (mn... ]ð ß rutß paco 41 423 8 79 
l ³ð / ⁰ D EE E LL 3 36 (1) 11 
E e WEE 1 39 2 43 
AA O A AP II ey Ee E LI 40 419 61 733 
kee AA A AA 8 123 5 115 
Netherlands... oe ebe ete oe escasas 23 454 1 8 
OP A eee ³ OT mk a buy a sha 49 6 121 
Fohl 22 1 25 
HERE a 8 (1) 6 1 42 
United Kingdom- 222 oe ee (1) 1 39 
Venezuela Pus no tcc A tS 9 197 16 377 
Vietnam South e EE y aa 11 128 
Net AT EE a alla LA 183 (1) 15 
O EE (1) 17 1 101 
TOCA tee ]%² *» ĩð8 oo; Se eS 627 8,420 789 11,215 
CUSTOMS DISTRICT 

Baltes ß 2 2 50 
Bul d oscar eet il ol ³ 137 2,120 95 1,443 
Cleveland ie). ir la llenos 10 155 
EIERE so cons a ĩ oe da 20 399 5 274 
I uuu Shuyu Se ee ee Su 8 2 86 5 293 
Laredo- u 6 ot ⅛ĩ˖'¾ A 8 8 123 5 115 
MODO 8 (1). 4 1 23 
New Orleans 8 75 1 68 
Nh ⁰⁰y y 3 78 3 126 
/ ³ ²⁰²» u.. A ĩ y 8 2 40 41 569 
eee ß ß is 68 855 62 1,144 
Philadelphia ii a asta et ees 377 4,485 558 6,906 

an Francisco. cuco is ta e ti e 1 19 (1) 
SL Albans ata 1 17 (1) 3 
Other RI A 8 3 41 1 30 
I.. 627 8,420 789 11,215 


1 Less than 1⁄4 unit. 


NOTE: According to the Association of American Railroads, 976,501 short tons of anthracite was exported 
to Europe during 1970, compared with 1,111,967 tons for 1969. Of this total 685,599 tons was consigned to 
heed Y and the Netherlands, including exports to the U.S. Military forces. This compares with 1,037,470 
tons for ° 
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Table 29.—Anthracite:1 World production, by countries 


(Thousand short tons) 


Country 2 1968 1969 1970 p 
Bi; ⁵ðV—ALA UE Ede E C uD SD 5,409 4,863 4,068 
Bulgari. cis Meer ed cra EIQUE x 8 194 198 e 198 
, . e . r 22,000 22, 000 22, 000 

JC ee eet ee 11,688 11,116 10,850 
Germany, WesL. circa aaa r 12,507 11,692 10,700 
F A A A asus e 110 

A sum ⁰⁰ydꝗmw II O EE 1,641 1,850 1,145 
Korea. NOPUlB 8... ia a a aduer ee iia r 20,400 22,200 24,000 
Korea, Republie G.. de ai E dd 11,290 11,324 13,662 
A A A A A 497 438 477 
Nethbebnndddgdd,dddddddddd Ls ii a 6,191 6,098 5,010 

OF AN A EE 8 e 
Fl ³⁰ -. ³⁰mmmm ĩðͤ 438 398 299 
omania $2 s d.e v siu ce eru ⁰yꝗʒpß 17 17 17 
South Africa, Republic of. ......... 22. 2 LLL lc c Lll LLL cL Ll. - 1,505 1,699 1,850 
Sd ũ P a 3,155 3,050 8,166 
USS R o S A A A 8 r 84,763 84,684 e 87,000 
United dl,, 8 4,345 , 002 4,061 
United States (Pennsylvania /:))h) y 11.461 10,473 9,729 
Vietnam, ę[f]]]“/00 A ee lees 3,300 3,300 3,300 
Ä§;C—5?ũ ⅛oꝛ¹wwm AI RI ss r 200,923 199,020 201,622 

e Estimate. Preliminary. r Revised. 


1 An undetermined amount of semianthracite is included in figures for some countries. 

2 In addition to the countries listed, Canada, Colombia, New Zealand, and South Vietnam produce anthra- 
cite; in Colombia output may total 100,000 tons per year; in New Zealand and South Vietnam (and possibly 
in other countries) output is insignificant. 


Cobalt 


By John D. Corrick * 


The unusually high demand for cobalt 
in 1969, which resulted from a serious 
shortage of nickel, began to ease in 1970. 
Consumption of cobalt in the United 
States in 1970 was 13 percent below that 
of the previous year, and closely approxi- 
mated the consumption reported for 1968. 
The weakened market for cobalt was em- 
phasized by the fact that Government sales 
through December 1970 totaled 2,484,730 
pounds of contained cobalt, down 72 per- 
cent from the 8,899,200 pounds sold in a 
similar period in 1969. 

Legislation and Government Programs.— 
On July 10, 1970, the President signed Pub- 


national and supplemental stockpiles. On 
August 27, the General Services Adminis- 
tration (GSA) announced that it was offer- 
ing cobalt metal for sale in various forms 
at the rate of approximately 2 million 
pounds per month. Sale to individual pur- 
chasers was limited to 500,000 pounds per 
month. Total sales for the year were 
2,484,730 pounds of cobalt metal. Off-the- 
shelf sales of cobalt were made by the Gov- 
ernment through July. Beginning in Au- 
gust 1970. Government stocks were offered 
on a competitive-bid basis. 

As of December 31, 1970, total U.S. Gov- 
ernment inventory of cobalt was 79,127,330 


lic Law 91-317 authorizing the release of pounds. Of this quantity, 72,747,581 
40.2 million pounds of cobalt from the pounds was stockpile grade. 
Table 1.—Salient cobalt statistics 
(Thousand pounds of contained cobalt) 
1966 1967 1968 1969 1970 
United States: 
Consumpt ion 14,205 13,976 12,998 15,608 13,367 
Imports for consumption. ...............- 18,823 8,215 9,068 11,475 12,414 
Stocks, Dec. 31: Consumer 1,996 2,471 2,139 2,191 1,890 
Price: Metal, per pound $1.65 $1.85 $1.85  $1.85-$2.20 $2.20 
World: Production, mine 46,782 44,028 41,968 43,338 52,052 


DOMESTIC PRODUCTION 


Cobalt continued to be produced in the 
United States in a concentrate, a byprod- 
uct of iron ore mining. The cobalt-bearing 
concentrate was processed by Pyrities Co., 
Inc. of Delaware, which developed a to- 
tally new solvent extraction process for the 
recovery and refinement of copper and co- 
balt from sulfate solutions generated as a 
result of hydrometallurgical treatment of 
pyrite concentrates. The process was intro- 
duced in April 1970. The Blackbird co- 


balt-copper deposit of The Hanna Mining 
Co. remained inactive during the year. 
Idaho Mining Co. completed an explora- 
tion and development program at cobalt 
properties in the south-central part of 
Idaho which it obtained in 1967. The pro- 
gram included more than a mile of drift, 
400 feet of incline shaft, and several thou- 
sand feet of diamond drilling. The results 
were being evaluated at yearend. 


! Physical scientist, Division of Ferrous Metals. 
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CONSUMPTION AND USES 


Consumption of cobalt in the United in table 4, in magnetic alloys, superalloys, 
States in 1970 was well below the high salts and driers, and cutting and wear-re- 
rate of 1969, which resulted from cobalt’s sistant materials. Total U.S. cobalt con- 
use as a substitute for nickel in electroplat- sumption was approximately 13 million 
ing. Principal uses in 1970 were as shown pounds in 1970. 


Table 2.—Cobalt materials consumed by refiners or processors in the United States 
(Thousand pounds of contained cobalt) 


Form ! 1966 1967 1968 1969 1970 
Alloy and concentrate 1,214 1,168 1,184 r 516 274 
Métal 22a «. 1,699 1,618 1,831 2,819 2,639 
o ³oÜdwwm Ee 85 18 14 25 32 
Other: so AA mr p ee tee 6 2 11 1 9 


r Revised. 
1 Total consumption is not shown because some metal and hydrate originated from alloy and concentrate, 
and a total would involve duplication. 


Table 3.—Cobalt products 1 produced and shipped by refiners and processors in 
the United States 


(Thousand pounds) 
1969 1970 
Production Shipments Production Shipments 


Gross Cobalt Gross Cobalt Gross Cobalt Gross Cobalt 
weight content weight content weight content weight content 


Oxide 604 425 590 415 458 322 434 305 
Hydrate......... 759 421 516 316 585 338 584 330 
Salts 2 5, 890 1. 658 5,836 1,654 6,355 1,677 6,184 1,620 
Dreri. L: 9,017 631 8,662 607 8,662 662 8,691 666 

Total. 16.270 3,135 15,664 2,992 16,060 2,999 15,893 2,921 


1 Figures on metal withheld to avoid disclosing individual company confidential data. 
2 Combined to avoid disclosing individual company confidential data. 


Table 4.—Cobalt consumed in the United States, by end uses 
(Thousand pounds of contained cobalt) 


Use 1970 
Steel: 
Si AA A ð j ⅛ y II A O IS E W 
Stainless and heat-resist in Um 114 
Alloy (excludes stainless and toollßddʒʒdd rro 136 
77] ³⁰˙¼äiĩn . ß 8 534 
, !! dd ß uma Sa W 
%%% cu VVVꝛ ͥ yd ĩ y 88 2,322 
Alloys (excludes alloy steels and superalloys): 
Cutting and wear-resistant materials ³ o 2-2 eee 1,395 
Welding and alloy hard-facing rods and materials .. LL ek 
Magnetic: alloys- u ee y EE 8 2,874 
neee ð i ⁵ dy d msc Lr rins qa cL 549 
/ ꝰꝙ˙˙.e• t yd 981 
Mill products made from metal powdeee· hn W 
Chemical and ceramic uses: 
f Ss t e abu a e LA 155 
Catalyst ooo o j«ö ⁰ ̃ ⅛¼dm. m dd yy x 8 402 
ei ³ð Ses i ⁵ ⁰ð¶ydſ / d S: a pets 129 
Gee a di iaa 69 
Ci EA A D E fßmßs De 
Miscellaneous and unspecified. ........ occ 2:2. 222 coco 1,408 
1111 ⁰¹Ü¹ 1i¹U,sñsĩéĩ?0ĩſ A rae A eM LE e 10,751 
Salts and driers: Lacquers, varnishes, paints, inks, pigments, enamels, glazes, feed, electro- 
plating, ete: (68t: GE 2,616 
Grand totalss e e d et eee eei 13,367 


W Withheld to avoid disclosing individual company confidential data; included in “Miscellaneous and 
unspecified.” 
1 Includes cemented and sintered carbides and cast carbide dies or parts. 
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Table 5.—Cobalt consumed in the United States, by forms 
(Thousand pounds of contained cobalt) | 
Form 1966 1967 1968 1969 1970 
Metal. conca! oun e uncle 11,768 11,610 10,456 r 12,057 10,056 
Di ee 768 654 573 646 626 
Purchased scra zz 48 120 r 143 328 69 
Salts and drierg ss 1,621 1,592 1,826 2,517 2,616 
/ ˙ AAA 14,205 13,976 r 12,998 r 15,608 13,367 
r Revised. 
PRICES 


The producer price for metal granules 
(shot) containing 99 percent or more co- 
balt in 500-pound kegs, and that for elec- 
trolytic cathodes (broken) containing ap- 
proximately 99.9 percent cobalt in 
551-pound (250-kg) drums, remained at 
$2.20 per pound, f. o. b. New York or Chi- 
cago, throughout the year. 

The free market price for cobalt that 
developed in the last half of 1969 steadied 
by the middle of 1970. This price, which 
reached $3 per pound domestically and as 


FOREIGN 


Exports of unwrought cobalt metal and 
alloys and of waste and scrap totaled 
2,136,309 pounds, gross weight, having a 
value of $3,252,568. These exports went to 
23 countries. Japan and the United King- 
dom received the greater part, 894,166 
pounds ($1,673,063) and 494,239 pounds 


much as $3.15 to $3.50 per pound abroad, 
approached or equaled the producer price 
by August 1970. 

Cobalt metals sold off-the-shelf by GSA 
in the first part of the year were priced at 
$2.20 per pound of contained cobalt, f.o.b. 
carriers conveyance at Government storage 
locations. On August 27, GSA announced 
that it was offering cobalt metal for sale 
on a competitive-bid basis. The competi- 
tive-bid price obtained throughout the re- 
mainder of the year was $2.15 per pound. 


TRADE 


($396,258) , respectively. Exports of wrought 
cobalt metal and alloys, 563,293 pounds, 
gross weight, having a value of $2,544,766, 
went to 29 countries. The imports of co- 
balt salts and compounds totaled in table 
7 came principally from the United King- 
dom and West Germany. 


Table 6.—U.S. imports for consumption of cobalt metal and oxides, by countries 


(Thousand pounds and thousand dollars) 


Metal 
Country 1969 

Gross Value Gross 
weight weight 
Belgium-Luxembourg. . 8,047 $6,001 2,914 
Canada 814 1,505 463 
Congo (Kinshasa) _ _ ` 5,832 9,937 6,930 
Finland 383 724 452 
Francge 163 340 33 
Germany, West 12 19 110 
Japan 5 6 EH 
Netherlands 10 11 45 
Norway c/o . . 1, 686 3,084 794 
United Kingdom. ..... 85 98 132 
Total. ........- 12,037 21,725 11,873 


1 Less than l4 unit. 


Oxide 
1970 1969 1970 
Value Gross Value Gross Value 
weight weight 
$7,114 1,152 $1,980 110 51, 398 
1,093 an MES 8 "wr 
14,308 8 16 a: HR 
1,103 NU wae ae MM 
72 TA UM eg ge 
325 15 26 Se nae 
ie (1) (1) a Ss 
70 we T os M 
1,748 E DM Eo SES 
187 (1) (1) 1 
26,020 1,175 2,023 710 1,394 
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Table 7.—U.S. imports for consumption of cobalt, by classes 
(Thousand pounds and thousand dollars) 
Metal Oxide Salts and Total 
compounds 
Year 33 
Gross Value Gross Value Gross Value Gross Cobalt 
weight weight weight weight content 
|< See .“. 9,219 $16,285 1,186 $2,113 107 $90 10,512 9,068 
1909 eR 12,087 21,725 1,175 2,023 131 61 13,343 : 11,475 
900 W a a 11,873 26,020 710 1,394 157 92 12,740 12,414 


WORLD REVIEW 


The format for table 8 has been 
changed in 1970 to show both mine and 
refinery cobalt figures separately by coun- 
try. 

The quantity of cobalt produced in the 
free world in 1970 increased about 24 per- 
cent over the preceding year. The Congo 
(Kinshasa) showed the largest increase. 
Production in Canada, Finland, and Zam- 
bia also increased, but production from 
Morocco decreased. 

Australia.—Western Mining Corp. Ltd. 
announced in May the first shipment of 
nickel briquets refined from Kambalda con- 


centrates at the company's Kwinana refin- 
ery, Western Australia. In addition to 
nickel briquets, the plant will produce 700 
tons per year of cobalt plus nickel sulfide. 
Sherritt Gordon “Mines Ltd.'s ammonia- 
leach process was used at the refinery. The 
refinery is unique in that all incoming 
concentrate was dry and arrived in covered 
tank cars from Western Mining’s Kam- 
balda flotation mill. The concentrate was 
transferred pneumatically from the tank 
cars to leach tanks. Central Austin Pty. 
Ltd. announced the discovery of cobalt de- 
posits with an estimated value of $598 


Table 8.—Cobalt: World production, by countries 


(Short tons) 
Mine output, cobalt content ! Metal 2 
Country 
1968 1969 1970 » 1968 1969 1970 » 
Australia 268 260 C260 ‘sec. j§ meee REG 
Canada 282: 2,015 1,628 2,614 1,306 818 1,752 
Congo (Kinshasa) 11,462 411,680 15,386 11,628 11,680 14,742 
B 1,400 1,700 I /// LES ë 5 
Finland. di er 1,100 e 1,200 e 1,300 557 858 1,111 
FP... ⅛ð«VD»́rw "eses ae 882 e 900 e 900 
Germany, West d ?•ͤ— r 893 937 911 
Morocc ooo ----- 1,662 1,554 886» YA  - Reem 
Norwayy e N NA NA 6 709 6 810 6 862 
U.S. S. Rs Lc collec r 1, 600 1,650 1,700 1,600 1,650 1,700 
Zambia 1,482 1,997 e 2,400 1,819 1,983 2,262 
Total r 20,984 21,669 26,026 r 18,894 19,636 24,240 
e Estimate. p Preliminary. r Revised. NA Not available. 


1 In addition to the countries listed, Bulgaria, Cyprus, East Germany, New Caledonia, Norway, Poland, 
Spain, and Sweden are known to produce ores (copper, nickel, and/or pyrite) that contain recoverable quanti- 
ties of cobalt, but available information is inadequate to make reliable estimates of output levels. The United 
States also produces cobalt-bearing ores, but data are withheld to avoid disclosing individual company data. 
Other nations may also produce cobalt as a byproduct component of ores and concentrates of other metals. 

2 The United Kingdom recovers cobalt metal from intermediate metallurgical products imported from 
Canada, but data on output are inseparable from the total reported by Canadian producers. Czechoslovakia 
presumably recovers cobalt from materials imported from Cuba, but data are inadequate to estimate output. 
Belgium and Japan, which import substantial quantities of crude materials containing cobalt, have not recorded 
output in recent years but may be producing metal and/or cobalt compounds. Total U.S. output is not avail- 
able. Poland apparently processes cobalt-bearing copper ores but no data on cobalt recovery are available. 

3 Actual mine output not reported. Data presented for mine output show cobalt content of all products, in- 
cluding nickel oxide sinter shipped to the United Kingdom and nickel-copper matte shipped to Norway for 
further processing. Data presented for metal production show total cobalt content of all products less cobalt 
output recorded for Norway. Thus, the metal data include cobalt content of oxides and other compounds that 
are not reduced to metal. 

4 Mine output not available; data presented show metal production. 

5 Domestic mine output if any, is negligible. 

5 5 entirely from nickel- copper matte imported from Canada; domestic mine output is recovered 
abroad. 

7 Insufficient data are available to permit separate estimates for mine and metal production. 
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million in Western New South Wales, 18 
miles west of Broken Hill. The deposit 
was composed mainly of cobalt-bearing py- 
rites. Discovery of another ore body with 
significant cobalt and copper values was 
announced by Tasman Mincrals N.L. from 
drillings at its Federal Leases in N.W. 
Queensland. Freeport Sulphur Companv's 
subsidiary, Freeport Queensland Nickel, 
reached agrecment with Queensland au- 
thorities for a 140-mile railroad linking 
its Greenvale property with a plant site 
near Townsville, Queensland. The Green- 
vale area was estimated to contain 45 mil- 
lion tons of lateritic material averaging 
more than 1.5 percent nickel and 0.1 per- 
cent cobalt. Freeport operated a pilot plant 
in Louisiana for adapting an ammonia- 
leach process to Australian laterites. Startup 
of the Greenvale venture was planned for 
1974. The eventual capacity will be 3 mil- 
lion pounds of cobalt per year. 


Canada.—Following settlement of a 
lengthy strike in 1969 at the Ontario oper- 
ations of International Nickel Company of 
Canada, Ltd. (Inco) and Falconbridge 
Nickel Mines Ltd., cobalt production at- 
tained prestrike levels in 1970. Cobalt de- 
liveries by Inco were 1,980,000 pounds in 
1970, compared with 1,870,000 pounds in 
1969 and 1,790,000 pounds in 1968. Falcon- 
bridge produced 1,984,140 pounds of cobalt 
in 1970, compared with 1,873,910 pounds in 
1969. Falconbridge continued to ship its 
nickel-copper matte to its refinery in Kris- 
tiansand, Norwav, where the cobalt content 
was recovered. Cobalt deliveries by Falcon- 
bridge in 1970 were lower than in 1969. 
Part of the increased production replen- 
ished cobalt stocks partly depleted during 
1969. Production of cobalt by Sherritt Gor- 


don Mines Ltd. was 828,930 pounds in 


1970, compared with 668,000 pounds in 
1969. Sales of cobalt for the 2 years were 
706,000 and 725,000 pounds. respective- 
ly. Sherritt Gordon completed extensive 
tests at their Fort Saskatchewan demonstra- 
tion plant on Le Nickel's laterite ore from 
New Caledonia. The company reported 
satisfactory results. 

Congo (Kinshasa).—Following an agree- 
ment reached in 1969 between the Union 
Miniére S.A. affiliate, Société Générale des 
Minerais (SGM) and the Government com- 
pany La Générale Congolaise des Minerais 
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(GÉCOMIN) , the new name of GECOMIN 
became Générale Congolaise des Mines 
(GÉCOMINES), as of March ll, 1970. 
GÉCOMINES operated a total of eight 
mines in the Congo’s Katanga Province. 
The largest proportion of GECOMINES 
copper-cobalt ore production was from the 
western area near Kolwezi. There were 
three open pits, Kamoto, Musonoi, and 
Ruwe, along with one developing under- 
ground mine, Kamoto. The Congo's cobalt 
production increased 32 percent in 1970 
over 1969, reaching 30,772,000 pounds. 
Total ore feed from the various mines of 
GÉCOMINES to concentiators and washing 
plants amounted to about 10 million tons 
annually. GECOMINES operated two hydro- 
metallurgical plants in the Congo (Kin- 
shasa) for the recovery of cobalt and cop- 
per. Approximately 75 percent of the 
copper and all of the cobalt was electro- 
won. The Luilu plant is essentially a mod- 
ern version of the Shituru plant. Basically 
the ore was roasted and leached to extract 
copper and cobalt. The cobalt was precipi- 
tated from solution following the precipi- 
tation of iron and copper. The cobalt 
precipitate was redissolved and the cobalt 
electrodeposited. A third Dorr Fluo-Solids 
roaster was being installed at the Luilu 
plant and was expected on stream by Jan- 
uary 1972. The new roaster will about 
double the plant’s throughput of copper-co- 
balt concentrates from the present 408 tons 
per day to 794 tons per day. Main feeds to 
Luilu were sulfide and oxide concentrates 
from Kamoto and Kolwezi concentrators. 
The sulfide concentrate contained 43.0 per- 
cent copper and 2.5 percent cobalt, whereas 
the oxide concentrate contained 24.0 per- 
cent copper and 2.0 percent cobalt.2 

Finland.—Outokumpu Oy, located at 
Kokkola, Finland, has produced pure co- 
balt since 1968, using its own leaching 
process and Sherritt Gordon’s hydrogen re- 
duction process under a licensing agrce- 
ment. Over 95 percent of the cobalt pro- 
duced in Finland was exported. Cobalt 
metal production was 1,111 tons in 1970, 
compared with 858 tons in 1969. 

Japan.—In 1970 Japan again ranked as 
one of the leading consumers of cobalt in 
the world. Consumption was reported as 


2 World Mining. V. 6, No. 10, September 1970, 
pp. 30-35. 
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2,467,000 tons of cobalt. The Natural Re- 
sources Association announced that a Japa- 
nese seabed mining venture, operating 
northwest of Tahiti, successfully collected 
manganese nodules containing cobalt and 
nickel of commercial value, on a continu- 
ous basis from a depth of 3,760 meters. 

Morocco.—Production of cobalt was 
reported as 666 tons in 1970, down 57 per- 
cent from the previous year. Ugine 
Kuhlmann, although experiencing difficul- 
ties in the production of cobalt in 
Morocco, expected to maintain or slightly 
increase output in 1971. 

Philippines.—Marinduque Mining and 
Industrial Corp. announced plans to pro- 
ceed with development and construction of 
a nickel mine and refinery on Nonoc Is- 
land in the Philippines. Annual capacity 
was estimated at 75 million pounds of 
nickel; 70 million pounds will be in the 
form of pure nickel powder or briquets, 
the remaining 5 million pounds will be 
mixed with 3 million pounds of cobalt in a 
semirefined form. Commercial operation 
was planned for July 1972. 

Southern Rhodesia.—According to relia- 
ble sources, extensive exploration was taking 
place in Southern Rhodesia. Preliminary 
indications suggested cobalt-nickel deposits 
of considerable size. 

Uganda.—Kilembe Copper Cobalt Ltd. 
was asked to sell half of its 70-percent in- 
terest in Kilembe Mines Ltd. to the Gov- 
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ernment-owned Uganda Development 
Corp. Ltd. as part of Ugandian President 
Obotee’s announced nationalization of the 
country’s manufacturing, mining, transpor- 
tation, and plantation industries. The im- 
mediate effect of this announcement on 
Kilembe Copper Cobalt's plans to con- 
struct a new cobalt processing plant in 
Uganda were not known. The new plan: 
was to be part of the company's copper 
mining complex at Jimja. 

Zambia.—The Zambian Government, 
through the Industrial Development Cor- 
poration of Zambia (INDECO), acquired 
51 percent of Roan Selection Trust Ltd. 
properties and assets in Zambia. The 
major portion of cobalt shipped from Rho- 
kana Corporation’s cobalt plant in Zambia 
was in the form of crushed cathodes. A 
vacuum degassing plant installed at Rho- 
kana 2 years ago made it possible for the 
metal to meet stricter market demands. 
Roan Consolidated Mines Ltd.’s plant at 
Chambishi produced 358 tons of contained 
cobalt as cobalt hydroxide from Chibu- 
luma concentrate, which it sold to Rho- 
kana. Estimated reserves at Chibuluma as of 
June 30, 1970, were 6,712,000 tons of ore 
containing 4.8 percent copper and 0.21 
percent cobalt. The output of copper-leach 
cathodes decreased in 1970, reflecting the 
changeover to cobalt production and the 
greater availability of smelter capacity for 
treating copper concentrates. 


TECHNOLOGY 


Bureau of Mines metallurgists reported 
the recovery of high-purity nickel and co- 
balt from crude nickel and ferronickel by 
electrochemical means.3 A semi-pilot plant 
process utilized solvent extraction to re- 
move and separate cobalt and iron from 
nickel, with the subsequent electrodepo- 
sition of nickel and cobalt from purified 
chloride-based electrolytes. The process uti- 
lized water-insoluble organic amines, which 
enabled the production of commercial-sized 
nickel and cobalt cathodes of a purity 
higher than commercial electrolytic metals. 
The cobalt metal product contained about 
1,100 parts per million (ppm) solid im- 
purities and 200 ppm gaseous impurities. 

Bureau scientists also reported on reac- 
tions of cobalt-nickel-vanadium alloys with 
oxygen at temperatures between 1,351° and 
1,429° K.* The alloys tested consisted of 


Co-Ni master alloys (0, 22, 50, 70, 91, and 
100 weight-percent Ni), with vanadium 
additions of 0, 0.9, and 2.7 weight-percent. 
The addition of vanadium to Co-Ni alloys 
caused a decrease in the alloy’s resistance 
to oxidation. Mechanisms by which vana- 
dium decreased the resistance of the alloy 
to oxidation were believed to be the val- 
ency effect and the formation of low-melt- 
ing phases. 


Powerful permanent magnets composed 
of cobalt, copper, and cerium having field 
strengths. greater than  cobalt-platinum 


3 Brooks, P. T., and G. M. Potter. Electro- 
chemical Recovery of High-Purity Nickel and Co- 
balt From Crude Nickel and Ferronickel. Bu- 
Mines Rept. of Inv. 7402, 1970, 25 pp. 

4 Doerr, R. M., and J. W. Jensen. Reaction of 
Co-Ni-V Alloys With Oz at 1,351? and 1,429° K. 
BuMines Rept. of Inv. 7371, 1970, 20 pp. 
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magnets, were introduced by Sel-Rex.5 
These magnets were designed principally 
to compete with the more costly cobalt- 
platinum magnets. Sel-Rex estimated cost 
savings of about 75 percent and weight 
savings of 50 percent, compared with co- 
balt-platinum magnets of comparable 
strength. Of three types introduced, Per- 
maflux C had a coercive force of 4,800 
oersted and an intrinsic coercive force of 
6,200 oersteds. Permaflux C appeared well 
suited for use in miniature applications re- 
quiring high coercivity such as electron- 
beam focusing devices, electronic switch 
gear, servomechanisms, 
system components and other electronic and 
electromechanical devices. Research contin- 
ued on the development of other combina- 
tions of cobalt-rare earth elements (co- 
balt-samarium and cobalt-praseodymium) 
to find materials with still higher energy 
products and coercive forces.6 

Other developments of interest included 
investigations on eutectic cobalt alloys? 
and the oxygen binding ability of hemo- 


inertia] guidance 
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globin and myoglobin analogs in which co- 
balt was substituted for the iron.8 A new 
version of the electric automobile employ- 
ing novel cobalt-lead batteries was intro- 
duced by Electric Fuel Propulsion Inc. 
The battery had an energy density more 
than double that of the ordinary lead-acid 
battery. More significant, however, was its 
low internal resistance, which allowed it to 
accept huge recharging currents without 
damage. Numerous technical papers were 
presented on cobalt metal, alloys and alloy 
systems, magnetic materials, alloy steels, 
and microstructure analysis of alloys.? 


5 Materials Engineering. V. 72, No. 5, Novem- 
ber 1970, p. 23. 


6 Becker, J. J. Permanent Magnets. Scientific 
American. V. 223, No. 6, December 1970, pp. 
92-100. 


™ Thompson, E. R., and F. D. Lemkey. Uni- 
directional Solidification of Co-Cr-C Monovariant 
Eutectic Alloys. Met. Trans. V. 1, No. 10, Octo- 
ber 1970, pp. 2799-2805. 

8 Chemical £ Engineering News. V. 48, No. 41, 
Sept. 28, 1970, pp. 40-41. 

Y Cobalt—Quarterly Publication on Cobalt and 
Its Uses (Cobalt Information Center, Battelle 
Mem. Inst, Columbus, Ohio). Nos. 46-49, 
March-December, 1970. 
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Coke and Coal Chemicals 


By Eugene T. Sheridan 1 


Coke production in the United States to- 
taled 66.5 million tons in 1970, an increase 
of nearly 3 percent over the output re- 
ported for 1969. Both oven- and beehive- 
coke production increased, but the bulk of 
the increased output was from oven-coke 
plants. 

Production remained stable throughout 
the year; monthly output was only about 
300,000 tons larger in December than in 
January. Peak production was in October, 
when output reached 5.8 million tons. All 
of the increased output of oven-coke plants 
was from furnace plants as merchant-plant 
production for the year declined slightly. 

Demand for coke was about equivalent 
to production during the first 9 months of 
the year, and producers’ stocks were ap- 
proximately the same size at the end of 
September as when the year began. Stocks 
of oven coke increased, however, during 
the last quarter and, at the end of Decem- 
ber, were equivalent to 22.5 days’ produc- 
tion at the December rate of output. 

Blast furnaces continued to use the 
bulk of the Nation's coke production, re- 
ceiving 93 percent of the coke distributed 
by producers. The remaining coke was 
consumed principally in foundries and 


miscellaneous industrial plants. A small 
quantity of coke was sold for residential 
heating, but this market is declining rap- 
idly and will soon be nonexistent. 

Breeze production increased 6 percent, 
mainly because more coal was carbonized, 
but also because the breeze yield increased 
slightly. Unsuitable for most metallurgical 
applications because of its small size and 
high ash content, the larger part of the 
breeze production is used by producers for 
steam raising, sintering iron ores, and 
other industrial purposes. However, 45 per- 
cent of the 1970 output was sold, mainly 
for use as a reductant in electric furnaces 
that smelt phosphate rock to produce ele- 
mental phosphorus. Sales of breeze in 1970 
were 36 percent higher than in 1969. 

Coal costs increased substantially in 
1970. The average delivered value of cok- 
ing coals at oven-coke plants increased 
$1.79 per ton; the value of coking coals re- 
ceived at beehive plants increased $1.07 
per ton. Price increases were reported by 
plants in all States, but the largest in- 
creases were noted for the coals received 
by coke plants in Maryland, New Jersey, 
New York, and Pennsylvania. 


1 Mineral specialist, Division of Fossil Fuels. 


Table 1.—Salient coke statistics 


1966 1967 1968 1969 1970 
United States: 
Production: 
Oven coke. . thousand short tons 65,959 63,715 62,878 64,047 65,654 
Beehive coke Dcus 1,442 806 775 710 871 
CCC do 67,402 64, 580 63, 653 64, 757 66, 525 
Naa, eee tet ow o... 1,066 710 792 1,629 2,514 
Import do 96 92 94 178 158 
Producers’ stocks, Dec. 3114. do- 3,079 5,468 5,985 3,120 4,113 
Consumption, apparent do.... 66,019 61,572 62,438 r 66,166 63,171 
Value of coal-chemical materials used or 
rr Lec thousands.. $309,148 $292,579 *$281,250 $288,963 $293 , 464 
Value of coke and breeze used or sold 
thousands.. 71,187,595 r1,119,288 71,187,402 1,402,716 1,899,116 
Total value of all products used or sold 
thousands.. 11, 496, 738 1, 411, 867 71,468,651 1,691,679 2,192,580 
World production: 
Hard oke thousand short tons 342, 194 334,970 348,112 1 366,210 382, 510 
Gashouse and low- temperature coke 
thousand short tons 37,043 34, 273 r 31,293 r 29,857 27,619 


r Revised. 


1 Data may not add to totals shown because of independent rounding. 
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Production of coke-oven gas increased 
about 3 percent because of the larger 
quantity of coal carbonized. Output of am- 
monia, crude tar, and crude light oil de- 
creased because of the lower yield of these 
products recovered for each ton of coal 
carbonized. Approximately the same per- 
centages of the production of crude tar 
and crude light oil were sold as in 1969. 

Coke prices increased significantly during 
1970. The average value of receipts of 
$29.97 per ton for all grades of oven coke 
and $19.89 per ton for all grades of bee- 
hive coke represented price increases of 
about 25 percent for each type of coke. 
Most of the oven-coke price increase was 
attributed to blast-furnace coke, which in- 
creased about 31 percent in value per ton 
at the producing plant. Prices of most coal 
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chemicals remained at about the 1969 level 
throughout the year. Plant prices of both 
hard and soft pitch increased significantly; 
price decreases were recorded for ammo- 
nium sulfate and ammonia liquor. 

Foreign trade in coke was relatively 
small, but exports were 54 percent greater 
than in 1969. The bulk of the coke ex- 
ported was shipped to Canada, Japan, 
Mexico, and Romania. Imports were insig- 
nificant, amounting to less than the domes- 
tic output for 1 day. 

The total value of all coals carbonized 
was $1,171 million, and the total value of 
all products of carbonization was $2,193 
million. The combined value of coke and 
breeze, the principal products, accounted 
for 87 percent of the total value of all 
products. 


COKE AND BREEZE 


DOMESTIC PRODUCTION 


Although varying somewhat from month 
to month, coke production assumed a 
slightly upward trend in 1970, and total 
production was about 3 percent greater 
than in 1969. Peak production for the year 
was recorded in October when the output 
of oven and beehive coke totaled 5.8 mil- 
lion tons. The average daily output of all 
plants in December 1970 was about 3,000 
tons greater than in December 1969. Table 
5 compares the monthly and average daily 
production of oven and beehive plants in 
1970 and 1969. 

The terms “merchant” and “furnace” de- 
note the ownership or affiliation of oven- 
coke plants. Furnace plants are owned by, 
or are financially affiliated with, iron and 
steel companies and mainly produce blast 
furnace coke for use in their own blast 
furnaces. Merchant plants produce various 
grades of coke for sale on the open mar- 
ket. A few merchant plants, however, are 
associated with chemical companies and 
gas utilities. 

The number of merchant and furnace 
plants operating throughout the year re- 
mained about the same as in 1969. All of 
the increased output, however, came from 
furnace plants as merchant-plant produc- 
tion remained at the 1969 level. Furnace 
plants supplied 91 percent and merchant 
plants 9 percent of the total output. The 
monthly output of merchant and furnace 
plants in 1969 and 1970, as well as annual 


output for the past 5 years, is shown in ta- 
bles 6 and 7. 

Coke was produced in 20 States in 1970. 
The relative amounts of coke produced in 
the various States have changed little in 
the past decade, except that Connecticut 
and Massachusetts have ceased to be pro- 
ducing States. Because coke is used princi- 
pally for blast-furnace fuel, the coke indus- 
try is concentrated in the Eastern and 
North Central States in the major steel- 
producing areas, and the bulk of the coke 
output in 1970 was produced in 14 States 
east of the Mississippi River. About 5 mil- 
lion tons, 7 percent of the total, was pro- 
duced in California, Colorado, Minnesota, 
Missouri, Texas, and Utah. 

Pennsylvania, the largest producer, ac- 
counted for 27 percent of the output and 
was followed by Indiana, Ohio, Illinois, 
and Alabama, in the order named. The 
combined output of these five States was 
about two-thirds of the national total. 
Pennsylvania had more than double the 
production of any other State. These data 
are shown in table 8. 


An average of 1,379 pounds of coke was 
produced for each ton of coal carbonized 
in the United States in 1970. The 1970 
yield of coke from coal, which averaged 
68.95 percent, has remained fairly constant 
during the past decade. 


Breeze is the term applied to the small 


sizes of coke that result from screening. Al- 
though there is no designated size, breeze 
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refers generally to coke that passes through 
a 1⁄-inch screen. Coke producers currently 
consume about 55 percent of the breeze 
produced, principally as a fuel in agglom- 
erating plants. The remainder is sold, 
mainly for use as a fuel for smelting phos- 
phate rock to produce elemental phospho- 
rus. During the past 5 years the amount of 
breeze sold has increased significantly. The 
quantity sold in 1970 was nearly double 
the quantity sold in 1966. 

The breeze yield varies substantially 
within and between States according to the 
coals carbonized. The lowest yield, 3.28 
percent, was recorded for Pennsylvania 
while Indiana had the highest yield, 6.19 
percent. The national average yield has 
not varied significantly during the past 
decade. 

An average of 98 pounds of breeze was 
produced for each ton of coal carbonized 
at oven-coke plants in 1970. This quantity 
amounted to 4.91 percent of the coal car- 
bonized. Breeze yields of beehive-coke 
plants were substantially higher, but bee- 
hive breeze production was negligible be- 
cause only a few plants had recovery facili- 
ties. 


Production and disposal of breeze, by 
State, in 1970 is shown in table 9. Table 
10 shows the quantities consumed by pro- 
ducers for various uses and the quantities 
sold during the past 5 years. 


CONSUMPTION AND SALES 


Apparent consumption of coke in the 
United States in 1970 totaled 63.2 million 
tons. This consumption, (domestic produc- 
tion plus imports, minus exports and 
changes in stocks) was almost 3 million 
tons less than the quantity consumed in 
1969. Although the quantity of coke con- 
sumed per ton of pig iron and ferroalloys 
produced increased slightly in 1970, about 
two-thirds of the decrease in total demand 
was the result of a lower overall require- 
ment for blast-furnace coke, caused by a 
nearly 4-million-ton decline in blast-fur- 
nace pig iron and ferroalloys production in 
1970. Apparent consumption of coke in the 
United States in 1970, including a break- 
down for that used in iron furnaces and 
for all other purposes, is shown in table 
11. 


The decline in blast-furnace coke, con- 
sumption ratios between 1966 and 1970 is 
shown in table 12. Except for slight in- 
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creases in 1965 and 1970, the coke rate has 
declined each year during the past decade 
and the amount of coke required to pro- 
duce a ton of pig iron and ferroalloys in 
blast furnaces in 1970 was only 1,267 
pounds, compared with 1,433 pounds in 
1961. The net effect of this 11-percent re- 
duction in coke rate over the 10-year pe- 
riod can best be emphasized by noting 
that if the 1970 output of 91.8 million 
tons of blast-furnace pig iron and ferroal- 
loys had been produced in blast furnaces 
operating at the 1961 rate, total blast-fur- 
nace coke requirements for the year would 
have been 65.8 million tons, rather than 
the 58.2 million tons actually consumed. 

Tables 13 and 14 show the quantities of 
coke used and sold in each State in 1970. 
A total of 66.7 million tons of oven and 
beehive coke was sold and used for all 
purposes, of which about 90 percent was 
oven coke supplied by furnace plants. The 
bulk of this coke was retained by produc- 
ers for use in their own blast furnaces. 
Furnace plants sold about 3 million tons 
of coke, 35 percent of the total coke sold 
commercially. Fifty-six percent of the fur- 
nace-plant sales was shipped to other 
blast-furnace plants. 


Merchant plants distributed nearly 6 
million tons of coke in 1970, 96 percent of 
which was sold on the open market. Prin- 
cipal markets were blast-furnace operations 
without coke facilities, independent gray- 
iron foundries, nonferrous smelters, and 
chemical plants. A few merchant plants 
Operate coke ovens to supply their own re- 
quirements; about 4 percent of the mer- 
chant coke distributed is used by produc- 
ers. This coke was used principally in 
chemical plants and affiliated foundries. 


One percent of the coke distributed was 
supplied by beehive plants. The bulk of 
the beehive coke also was sold to blast-fur- 
nace plants. 


All States except Alaska and Hawaii re- 
ceived shipments of coke in 1970. Alabama, 
Illinois, Michigan, New York, Ohio, and 
Pennsylvania, which are the major iron- 
and steel-producing States, received about 
four-fifths of the total. 


The bulk of the coke distributed was 
blast-furnace coke that was consumed 
within the producing State, as most blast 
furnaces are integrated with coke ovens. A 
few companies, shipped coke to affiliated 
blast furnaces in adjoining States. 
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About 5 percent of the coke distributed 
was shipped to foundries. The chief recipi- 
ents of foundry coke were the automotive, 
farm-machinery, machine-tool, heavy-ma- 
chinery, railroad, and electrical-equipment 
industries. Most of these industries are 
concentrated in the East and Midwest. In 
1970, the combined consumption of Ala- 
bama, Illinois, Indiana, Michigan, New 
Jersey, New York, Ohio, Pennsylvania, and 
Wisconsin accounted for about four-fifths 
of the foundry-coke shipments. Foundry 
coke also was consumed in 39 other States. 


Coke used for miscellaneous applications 
was widely distributed, with 44 States re- 
ceiving shipments of other industrial coke. 
The principal consumers were nonferrous 
smelters, alkali plants, and plants that 
manufacture calcium carbide and elemen- 
tal phosphorus. Alabama, Idaho, Minne- 
sota, Ohio, and Pennsylvania received the 
largest quantities of other industrial coke. 


Minor quantities of coke were used for 
residential heating. This market, which in 
past years received as much as 10 million 
tons of coke annually, is virtually nonexis- 
tent now. 


STOCKS 


Although production of oven coke in- 
creased 3 percent in 1970, the amount of 
coke distributed by producers was about 1 
million tons less than in 1969, and their 
stocks increased accordingly. The bulk of 
the increase in stocks was caused by cur- 
tailment of shipments to blast-furnace 
plants in the latter part of the year, when 
demand for blast-furnace coke declined. 


Oven-coke plants ended the year with an 
average of 22.5 days’ supply in stock at the 
December rate of production. This was 
nearly 5 days more supply on hand than 
at the end of 1969. The bulk of the stocks 
was at furnace plants, which had, roughly, 
24 days’ supply, compared with only 5.9 
days’ supply at merchant plants. 


Only 2,000 tons of beehive coke was on 
hand at the end of 1970. The total was 
composed entirely of blast-furnace coke. 


Stocks of coke breeze at producers’ 
plants at the end of 1970 were approxi- 
mately at the same level as at the end of 
1969. Small decreases were noted, though 
in Michigan and Pennsylvania. 


Data on stocks are shown in tables 16 
and 17. 
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VALUE AND PRICE 


Coke prices increased significantly during 
1970; the average value of receipts for all 
grades of oven coke reached $29.97 per 
ton, and beehive coke averaged $19.89 per 
ton. The 1970 values represented increases 
of nearly 25 percent for both types of 
coke. 

Most of the oven-coke price increase was 
attributed to a 31- percent increase in the 
value of blast-furnace oven coke. Foundry 
coke and other industrial coke from oven- 
coke plants increased 16 percent and 24 
percent, respectively, in price. 

The large variance in the prices of 
blast-furnace and foundry oven coke was 
attributed principally to lower recovery 
yields for foundry coke and to the superior 
properties (large size, low moisture, ash, 
volatile, sulfur and phosphorus content) of 
foundry coke, which make it a more valua- 
ble product. The differences in the average 
values of oven and beehive coke were due 
largely to additional transportation costs of 
coal delivered to oven-coke plants. 

Average receipts, f.o.b. plant, for com- 
mercial sales of the different grades of 
coke, as reported by producers, are shown 
in table 18. 


FOREIGN TRADE 


There was a strong demand for U.S. 
coke in foreign markets in the early part 
of 1970, as exports increased to 2.5 million 
tons. This was 54 percent more coke than 
was exported in 1969 and more than dou- 
ble the quantity exported in 1968. 

The principal foreign market was Ro- 
mania, which received 389,000 tons, 15 per- 
cent of the coke shipped. The market in 
Romania was opened in 1969 with ship- 
ments of 129,035 tons. There had been no 
shipments to Romania in prior years be- 
cause of trade restrictions with Communist 
countries. Other countries receiving sub- 
stantial coke shipments were Mexico, Can- 
ada, Japan, Venezuela, Bulgaria, and Italy. 

Shipments to Canada, which until 1967 
was the principal export market, increased 
about 20 percent, but were less than half 
as large as the record quantity of 854,637 
tons shipped in 1966. Shipments to Mex- 
ico, the second largest foreign market, were 
40 percent less than in 1969. 

About four-fifths of the coke exported 
was shipped from the Baltimore, Detroit, 
Laredo, Mobile, and Philadelphia customs 
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districts. Shipments from Baltimore, Mobile, 
and Philadelphia were significantly larger 
than in 1969. 


Table 19 shows exports of coke by coun- 
try and customs district for 1968, 1969, and 
1970. The total quantities shown for each 
year are substantially larger than those re- 
ported shipped by producers, as shown in 
tables 1 and 15, because there were addi- 


COKING 


QUANTITY AND VALUE OF COAL 
CARBONIZED 


A total of 95.1 million tons of bitumi- 
nous coal was carbonized at high tempera- 
tures for the production of coke in 1970. 
The coke industry consumed about one- 
sixth of the 1970, bituminous coal output, 
coke production was the second largest 
coal market. Only the electric-utility indus- 
try, which presently consumes about one- 
half of the production, ranked higher in 
usage. In addition to bituminous coal, 
472,000 tons of anthracite was used in cok- 
ing coal blends. Anthracite was used prin- 
cipally in the production of foundry coke 
because its use enhances the physical prop- 
ertics of coke, giving it greater size and 
density, properties that are desirable for 
the smelting of iron in foundry cupolas. 


The delivered average value of all coal 
carbonized by oven-coke plants in 1970 was 
$12.21 per ton, and the value of that re- 
ceived by  beehive-coke plants averaged 
$7.31 per ton. The difference in value was 
attributed mainly to transportation charges 
for coal shipped to oven-coke plants, as all 
beehive plants are located at or near the 
source of the coal they consume. In some 
instances, transportation costs exceed the 
value of the coal at the mine; this par- 
tially accounts for the high value of the 
coal consumed in some States. 


The average value per ton of coals deliv- 
ered to both oven- and beehive-coke plants 
was about 18 percent greater than in 1969. 
Coals delivered to some States, however, 
had increases in average value per ton 
ranging from 25 to 30 percent. The high- 
est coal prices were recorded for Maryland, 
New Jersey, and New York, where the de- 
livered value of coals received by all plants 
averaged $15.63 per ton. 


An overall average of 1.45 tons of coal, 
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tional shipments to foreign countries by 
export companies. 


Imports were insignificant, amounting to 
less than 1 percent of the apparent con- 
sumption. Ninety-six percent of the im- 
ported coke came from Canada, and almost 
all of the remainder was from France and 
West Germany. Import data for 1968, 1969, 
and 1970 are shown in table 20. 


COALS 


valued at $17.70, was required for each ton 
of oven coke produced in 1970. Beehive 
ovens required an average of 1.64 tons of 
coal per ton of coke output, but coal costs 
averaged only $11.99 per ton of coke pro- 
duction because of the lower unit value of 
the coals charged. 

Tables 22 to 25 present data on coals 
carbonized at oven- and  beehive-coke 
plants. 


BLENDING 


The blending of coals at oven-coke 
plants is standard practice because individ- 
ual coals do not possess all of the proper- 
ties required for the production of high- 
quality coke in slot ovens. In general, 
blending is used to improve the chemical 
and physical properties of coke, to control 
the pressure developed during carboniza- 
tion, to regulate the yield of products, and 
to broaden the use of lower quality coals 
which could not be used alone for the 
production of metallurgical-grade coke. 
Standard oven-coke operating practice 1s 
based upon the use of relatively small pro- 
portions of low-volatile coals and high per- 
centages of high-volatile coals. High-vola- 
tile coals are not used exclusively because 
they produce low yields and weak coke. 
Low-volatile coals, when added to high- 
volatile coals improve the yield and the 
physical properties of the coke. However, 
the proportions of low-volatile coals used 
must be restricted because they are highly 
expanding, and, if used alone or in large 
proportions in the mix, they would damage 
oven walls when coke was discharged. 
Some plants add medium-volatile coals or 
other materials such as anthracite or coal- 
tar pitch to their high- and low-volatile 
coals. Additions of medium-volatile coals 
can regulate the volatile matter in a mix 
to the desired content, while anthracite 
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and pitch impart strength, size, and den- 
sity to the coke. 

Blending also permits the use of some 
high-sulfur content coals otherwise unsuit- 
able for coke production. Such coals can 
be blended with low-sulfur coals to the ex- 
tent that the coal mix contains no more 
total sulfur than that contained in the 
coals normally used for producing high- 
quality coke. 

The overall proportions of  high., 
medium-, and low-volatile coals used in 
coal mixes by the coke industry has varied 
little in the past decade, but there are 
wide variations in the proportions of the 
different types used by individual plants. 
West Virginia plants and those in the 
Western States used the largest percentages 
of high-volatile coals in their blends, while 
plants in Minnesota and Wisconsin used 
relatively high percentages of low-volatile 
coal. Compared with furnace plants, mer- 
chant plants used larger percentages of 
low-volatile coal because this type produces 
strong foundry coke, which is produced 
mainly by merchant plants. 

Table 26 shows the quantities of coals 
carbonized at oven-coke plants, by vola- 
tile-matter content, for 1966-70. Table 27 
shows the volatile-matter content of the 
coals received by oven-coke plants in var- 
ious States. 


SOURCES 


Although 22 States produce bituminous 
coal, only 12 produced coking coal that was 
shipped to coke plants. Of this number, 
only 10 can be considered suppliers of cok- 
ing coals, as the combined shipments of 
Indiana and Tennessee were less than 
100,000 tons. 

Of the coals received by oven-coke 
plants, 34 percent was produced in West 
Virginia and 30 percent in Pennsylvania. 
West Virginia shipments were principally 
low-volatile coals from McDowell and Wy- 
oming Counties, medium-volatile coal from 
Wyoming County, and high-volatile coals 
from Boone, Fayette, Kanawha, Logan, 
Marion, and Mingo Counties. Pennsylvania 
supplied, principally, high-volatile coals 
from Green and Washington Counties and 
low-volatile coals from Cambria County. 

Another major supplier of coking coal 
was Kentucky, which supplied 14 percent 
of the shipments to coke plants. Virtually 
all was high-volatile coal produced mainly 
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in Boyd, Floyd, Harlan, Letcher, and Pike 
Counties. 

Illinois produced coking coals that were 
used in Illinois.and Indiana; Alabama, Col- 
orado, and Utah produced coking coals 
that were used for coke production mainly 
within each producing State. Most of the 
coals carbonized in California, Colorado, 
and Utah were produced in the latter two 
States. 

Data showing the origin of coals re- 
ceived by oven-coke plants, by volatile 
matter content, are shown in table 28, 
while table 29 shows the source of the 
coals received by oven-coke plants in var- 
ious States. 


CAPTIVE COAL 


More than one-half of the coal received 
by oven-coke plants was produced by com- 
pany-owned or affiliated mines. This cap- 
tive coal, ordinarily does not move in com- 
mercial channels. Iron and steel producing 
companies own the bulk of the captive 
mines and, in 1970, 57 percent of the coal 
received by furnace plants was captive. 
Some merchant plants also own coal mines, 
but only 29 percent of the coal they re- 
ceived in 1970 was their own production. 

The quantities of captive coa] received by 
oven-coke plants in 1970 are shown in 
table 30. 


STOCKS 


Month-end stocks of bituminous coal 
and anthracite at oven-coke plants are 
shown in tables 31 and 32. Bituminous- 
coal stocks reached their highest yearly 
level during June when month-end stocks 
were 9.2 million tons. The lowest level, 6.6 
million tons, was reported at the end of 
july after a curtailment in bituminous 
coal production because of the vacation 
period of coal miners. 

Bituminous coal stocks at the end of 
1970 were about 15 percent greater than 
when the year began. The 8.9 million tons 
on hand at all plants on December 31, 
1970, was equivalent to about 34 days' sup- 
ply, based upon the December rate of con- 
sumption. 

Only small quantities of anthracite are 
stocked. Stocks at the end of 1970 totaled 
only 121,000 tons, about 7 percent less an- 
thracite than was on hand at the end of 
1969. 
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COAL CHEMICALS 


The term “coal chemicals” refers to the 
materials recovered from the volatile mat- 
ter released from coal during carboniza- 
tion. Normally, three basic materials—am- 
monia, tar, and light oil—are recovered at 
oven-coke plants through a series of com- 
plex condensation and absorption processes. 
The remaining material, which is rich in 
hydrogen and methane, is called coke-oven 
gas. Except for ammonia, which is re- 
covered as an aqueous solution or con- 
verted to a salt and sold as produced, the 
basic materials are, in most instances, fur- 
ther processed to yield a number of pri- 
mary organic chemicals or chemical mix- 
tures of which the most important are 
benzene, toluene, xylene, solvent naphtha, 
crude chemical oil, and pitch. Although 
most oven-coke plants in the United States 
are equipped to process tar and light oil, 
the extent to which individual plants pro- 
duce the various products depends upon 
economic conditions and the general size 
of the plant, as yields of the various chem- 
icals are relatively low. 


Yields of chemicals vary with the kind 
of coals carbonized, carbonizing tempera- 
tures, and operating techniques and equip- 
ment, but approximately 315 pounds of 
coke-oven gas, 90 pounds of tar, 20 pounds 
of light oil, and 5 pounds of ammonia are 
recovered for each ton of coal carbonized. 
In standard units of measure these quanti- 
ties amount to about 10,500 cubic feet of 
coke-oven gas, 10 gallons of tar, and 3 gal- 
lons of light oil. Ammonia is recovered as 
ammonium sulfate at most operations, and 
the yield per ton of coal is approximately 
20 pounds. Data on production and sales 
of basic chemical materials and derivatives 
at oven-coke plants in 1970 are shown in 
table 33. 


Table 34 shows the heating value and 
coal equivalent of products other than 
coke produced at oven-coke plants. Al- 
though the quantities vary from year to 
year, most of the changes were due to dif- 
ferences in the amount of coal carbonized, 
rather than fluctuations in yields. In terms 
of heating value, the products, not includ- 
ing coke, recovered in 1970, were roughly 
equivalent to the heating value of about 
one-fourth of the coal carbonized in slot 
ovens. Table 35 shows values for the chem- 
icals and surplus gas used and sold, com- 


pared with the unit values of the coke and 
breeze produced, from each ton of coal 
carbonized. 


COKE-OVEN GAS 


Coke-oven gas is the gaseous material 
that remains after tar, ammonia, and light 
oil have been removed from the volatile 
matter evolved in carbonization. Because it 
has a relatively high calorific value, pro- 
ducers use most of the gas as fuel for 
heating coke ovens and other steel- and al- 
lied-plant furnaces. Small quantities are 
also sold for distribution through city 
mains and for other industrial use. 

Gas yields vary, but the quantity of gas 
produced for each ton of coal carbonized 
in all slot ovens in 1970 was 10,440 cubic 
feet. This was only slightly less than the 
yield of 10,480 cubic feet recorded for 
1969. However, total gas production in- 
creased about 4 percent over that of 1969 
because an additional 3 million tons of 
coal was carbonized in 1970. 

Table 37 shows coke-oven gas production 
by State, the quantities of gas used for 
heating ovens, and the amount of surplus 
gas used or sold. Nearly 40 percent of the 
output was used at the plants to heat coke 
ovens. Gas used otherwise is called surplus 
gas and is used by producers to fire boil- 
ers, transferred to steel or allied plants to 
heat open-hearth and other metallurgical 
furnaces, sold for industrial use, or distrib- 
uted through city mains. A small part of 
the production was wasted because storage 
facilities at most plants are limited, and 
the gas was burned in the atmosphere 
when production exceeded demand. 

Table 38 shows the disposal of surplus 
gas by the two segments of the oven-coke 
industry. Whereas 88 percent of the sur- 
plus gas produced by furnace plants was 
consumed by producing companies, mer- 
chant plants used less than 50 percent of 
the surplus gas they produced. Of the sur- 
plus gas sold, furnace-plant sales went pri- 
marily for industrial use; only about 60 
percent of the gas sold by merchant plants 
went to industrial plants, and the remain- 
der was sold to gas utilities. 

Table 39 shows the quantities of various 
gases used to heat ovens in each State and 
the total gas consumption in terms of 
coke-oven gas equivalent. Coke-oven gas 


430 


was the principal fuel used for heating 
slot ovens, but some operators used blast- 
furnace gas, a mixture of coke-oven and 
blast-furnace gas, or natural gas for under- 
firing. Over 450 billion cubic feet of coke- 
oven gas equivalent was so consumed, of 
which 84 percent was coke-oven gas, 11 
percent was blast-furnace gas, and the re- 
mainder was natural gas. 

Surplus coke-oven gas used and sold in 
1970 was valued at $148 million. This is a 
7-percent increase from the 1969 value. No 
value is reported by producers for coke- 
oven gas used to heat coke ovens, but 
applying the average value of $0.254 per 
thousand cubic feet reported for surplus 
gas to the gas used for underfiring, the 
total value of all coke-oven gas used and 
sold in 1970 would be $245 million. This 
value is equivalent to about one-fifth the 
total value of the coal carbonized. 


COKE-OVEN AMMONIA 


Coal carbonized at high temperatures re- 
leases nitrogen, which oven-coke operators 
recover either as ammonia liquor, a weak 
solution of ammonia (about 7 grams per 
liter of solution), or as a crystallized solid 
(ammonium sulfate and  diammonium 
phosphate). This ammonia must be re- 
moved prior to further processing of the 
gas because it would otherwise form corro- 
sive salts which would damage equipment 
or, if released as a waste material, would 
create steam pollution problems. 

Most of the coke-oven ammonia is re- 
acted with sulfuric acid to form ammo- 
nium sulfate. In 1970, 92 percent of the am- 
monia recovered was used to produce 
595,000 tons of ammonium sulfate and 
42,000 tons of diammonium phosphate, 
and 15,000 tons of ammonia was collected 
as an aqueous solution. 

Table 40 shows production and sales of 
ammonia products and yields in 1970 in 
terms of sulfate equivalent. Compared with 
1969 the yield. of ammonia declined 5 per- 
cent, and total output fell 6 percent. 

Sales of ammonium sulfate increased 1 
percent and ammonia liquor sales were 
about the same as in 1969. The average 
value per ton, f.o.b. plant, of ammonium 
sulfate decreased $3.28 per ton to $15.44, 
and the average plant value of ammonia 
liquor decreased $9.05 per ton. The total 
value of all ammonia products sold was 
$13. million, equivalent to 5 percent of the 
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total value of all coal-chemical materials 
sold. 


COAL TAR AND DERIVATIVES 


Crude coal tar is a black, viscous mix- 
ture of complex organic compounds that 
condense from the volatile matter when it 
is cooled. Most of the tar is recovered in 
collecting mains at the ovens when the gas 
has been cooled by spraying with ammonia 
liquor; the remainder is recovered princi- 
pally from the primary coolers when the 
gas undergoes further cooling. 

All oven-coke plants produce tar. How- 
ever, yiclds of tar vary widely among 
plants; in 1969, they ranged from 5.92 to 
9.69 gallons per ton of coal carbonized. 
Generally, from 4 to 5 percent of the 
weight of the coals carbonized is recovered 
as tar. High-volatile coals evolve a larger 
percentage of tar; hence, California, Colo- 
rado, Utah, West Virginia, and Pennsylva- 
nia, which used the most high-volatile coal 
in their blends, had the highest tar yields. 
Conversely, plants using higher percentages 
of low- and medium-volatile coals and an- 
thracite, such as those mainly producing 
foundry coke, had the lowest yields. 

Production of coal tar at oven-coke 
plants in 1970 decreased 1 percent from 
that of 1969. The average yield of tar de- 
creased slightly to 8.00 gallons per ton of 
coal, compared with 8.33 gallons in 1969. 
Table 41 shows the quantities of tar pro- 
duced, used by producers, sold, and in 
stock in the various States at the end of 
1970. 

Coke-plant operators used 51 percent of 
the tar produced in 1970. Of this quantity, 
72 percent was processed (refined or 
"topped"), 28 percent underwent no proc- 
essing and was burned for fuel, and less 
than 1 percent was used for miscellaneous 
purposes, such as tarring ingots, road ma- 
terials, and tar paints. The remaining 49 
percent of the production was sold, princi- 
pally to tar-distilling plants which refined 
it to produce many tar derivatives. 

Most of the coke plants that processed 
tar in 1970 topped their tar. In so doing, 
the low-boiling distillate fraction, consist- 
ing mainly of tar acids, bases, and naph- 
thalenes, is separated from the crude tar. 
The residue, or soft pitch, is usually 
burned as fuel. Furnace plants in particu- 
lar benefit from this procedure since they 
can sell the distillate and retain the pitch 
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for use as fuel in open-hearth furnaces. 
This reduces the amount of other fuels 
that normally have to be purchased. How- 
ever, the relative quantities of tar topped 
and burned, as well as the quantities sold, 
depend upon a number of economic fac- 
tors, such as the availability and current 
market prices of tar, tar distillates, and 
other substitute fuels. All of the mer- 
chant-plant tar production was sold be- 
cause these plants have no use for the 
pitch which makes up the bulk of the 
products recovered through topping. 


The majority of the plants that proc- 
essed tar in 1970 recovered only crude 
chemical oil and a residual tar, or soft 
pitch. However, some of the larger plants 
recovered a number of tar derivatives, in- 
cluding creosote oil, cresylic acid, cresols, 
naphthalene, phenol, pyridine, and me- 
dium and hard pitch. Statistics on some of 
these products could not be shown in this 
report, but the data were transmitted to 
the U.S. Tariff Commission, which pub- 
lished them, along with similar data from 
tar distillers and petroleum refiners, in 
monthly and annual reports on synthetic 
organic chemicals. 


CRUDE LIGHT OIL AND DERIVATIVES 


Light oil is a pale-colored liquid, com- 
posed of a number of aromatic hydrocar- 
bons, that is extracted from the gas after 
tar, ammonia, and, in some instances, 
naphthalene have been removed. Crude tar 
also contains a small amount of light oil, 
but this usually is not recovered by coke 
plants. Virtually all light oil produced at 
coke plants is recovered by an absorption 
process in which the gas is sprayed with a 
higher boiling petroleum oil as the gas 
stream is channeled through absorption 
towers. After recovery, light oil is sepa- 
rated from the absorption oil by direct 
steam distillation. Approximately 3 gallons 
of light oil, equal to 1 percent of the 
weight of the coal, is recovered for each 
ton of coal carbonized. Yields vary, of 
course, with the kind of coals carbonized 
and with operating conditions, but an av- 
erage of 2.68 gallons of light oil was re- 
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covered at the plants that extracted light 
oil in 1970. Most plants recover light oil, 
but a few plants, which find it uneconomi- 
cal to remove the light oil, leave it in the 
gas to be burned as fuel. Yields per ton of 
coal remained at about the 1969 level at 
merchant plants, but increased by one-fifth 
of a gallon at furnace plants. 

Producers sold 40 percent of their crude 
light-oil output in 1970. The large increase 
in light-oil sales in recent years is attrib- 
uted principally to the inability of some 
plants to produce derivatives, particularly 
benzene, that meet the more rigid specifi- 
cations established for these products. Such 
plants sell light oil to petroleum-refining 
companies which process it along with pe- 
troleum fractions into benzene and a num- 
ber of other chemical intermediates. Data 
on light oil and total derived products 
produced and sold in the various States are 
shown in table 42. 

In the older light-oil-refining facilities at 
coke plants, light oil is refined by frac- 
tional distillation at atmospheric pressures, 
but in plants built in recent years, catalyt- 
ic-pressure refining is employed to pro- 
duce benzene, toluene, xylene, and solvent 
naphtha. As with other coal-chemical ma- 
terials, yields vary somewhat, but approxi- 
mately 85 percent of the light oil proc- 
essed is recovered as salable products. 
Average yields of most light-oil derivatives 
decreased in 1970. Average yields for 1970 
and prior years are shown in table 43. 

Table 44 shows the quantities of the 
various grades of benzene and toluene 
produced at coke plants, while table 45 
shows the principal light-oil derivatives 
produced and sold and yields of the va- 
rious products by State. About 96 percent 
of the benzene is specification grades. In 
past years large amounts of motor-grade 
benzene were produced for use in gasolines 
to increase their antiknock properties, but 
present petroleum-refining techniques have 
all but eliminated this use for benzene. 
Production of benzene, as well as toluene 
and xylene, was lower than in 1969 be- 
cause of lower recovery yields for all prod- 
ucts, and a smaller amount of light oil was 
refined at coke plants. 
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TECHNOLOGY 


New technology developed by the U.S. 
Steel Corp. may bring a breakthrough in 
coke-quenching operations and further re- 
duce atmospheric pollution from coke- 
plant operations. The new quenching 
process 2 consists of loading hot coke into 
an enclosed hopper system, spraying the 
coke inside the closed system, and dis- 
charging the coke from the continuous 
quenching facility onto a conveyor belt. 
The coke is then conveyed to the screening 
station as with conventional systems. The 
uniform rate of steam generation in the 
new system permits cleaning and control 
of the steam exhausted to the atmosphere. 

The installation of specially designed 
baffles in conventional quenching towers is 
another improvement from the standpoint 
of reduced atmospheric pollution. Devel- 
oped by the U.S. Steel Corp., the baffles, 
which are located in the tower, slow down 
steam flow and cause most of the coke par- 
ticles contained in the steam, as well as 
water vapor, to adhere to the baffles or 
remain within the tower. 

A system 3 for collecting and wet-scrub- 
bing the gases emitted from slot ovens 
during charging has been designed by 
Bethlehem Steel Co. and installed on one 
charging car at the company's Burns Har- 
bor plant. This system consists of a charg- 
ing car equipped with two cleaning units 
in parallel, each designed to handle the 
gases and dust evolved from two charging 
holes. The emissions are burned in com- 
bustion chambers with air ports that are 
adjustable to a maximum air-port to gas- 
port ratio of 1.93. Although glow plugs 
were provided for ignition of the gases, 
they proved unreliable and combustion was 
dependent mainly upon spontaneous igni- 
tion whenever the gas-air mixture was 
within combustible limits. The products of 
combustion then are contacted with water 
in two stainless steel venturi scrubbers, 
after which the cleaned gas is released to 
the atmosphere, and the contaminated 
water is discharged to a sump for use in 
coke quenching after the solids settle out. 

A system * based upon the charging of 
preheated coal mixes to coke ovens 
through pneumatic pipelines has been de- 
veloped by the Allied Chemical Corp. and 
installed on a 24-oven battery at its Iron- 
ton, Ohio plant. The system, which is the 


first major change in basic coke-oven tech- 
nology in nearly 80 years, employs closed 
pipelines rather than charging cars to 
transport coal to the ovens. The new proc- 
ess reportedly increases oven production by 
decreasing coking time and permits the use 
of lower cost, poorer quality coals to pro- 
duce acceptable metallurgical-grade coke. 
Initial results reveal a drastic reduction in 
atmospheric pollution, accompanied by an 
increase in coke production of up to 50 
percent. The closed system eliminates air 
pollution from the charging operation, 
which represents as much as 70 percent of 
the total air pollution from oven-coke 
plant operations. 

A system 5 involving control and com- 
munications equipment and providing for 
fully automatic operation of the quencher 
car, wharf gates, and quenching station has 
been installed at the Fairless Works of the 
U.S. Steel Corp. Automatic operation of 
the quencher locomotive results in a more 
evenly distributed load of coke in the 
quencher car to make more uniform 
quenching of coke possible and guarantees 
sequential placement of coke on the wharf. 
Automatic control of the wharf gates 
makes possible the withdrawal of coke 
from the wharf in a regulated manner. As 
a result, there are definite realized benefits 
in terms of reduced coke moisture variabil- 
ity, a lower level of coke moisture, and a 
longer service life of coke conveyor belting. 
Obviously, there are direct labor savings. 

A new cupola coke, made from oil by- 
product rather than coal, has been devel- 
oped by the Republic Carbon Products 
Co., Inc., of Bakersfield, Calif. It is reported 
that the use of this coke in cupolas has in- 
creased carbon content of the iron as 
much as 12 percent and, because of the 
higher carbon content, the coke charge was 
reduced up to 15 percent. 


2 Blast Furnace and Steel Plant. New Technolo 
Breakthrough in Coke-Quenching at U.S. Steel's 
Clairton Works. V. 88, No. 5, May 1970, p. 339. 

3 Blast Furnace and Steel Plant. Performance of 
Gas-Cleaning System on Coke-Oven Larry Car at 
Dur Harbor. V. 59, No. 1, January 1971, pp. 

* Blast Furnace and Steel Plant. Charging Pre- 
heated Coal to Coke Ovens. V. 58, No. 5, May 
1970, pp. 326-329. 

6 Blast Furnace and Steel Plant. Automation of 
Quencher Locomotive and Coke Wharf. V. 58, 
No. 9, September 1970, pp. 639—647. 

6 Iron Age. New Coke Fuel Developed. V. 207, 
No. 22, June 3, 1971. 
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Table 2.—Statistical summary of the coke industry in the United States in 1970 
Slot ovens Beehive ovens Total 
Coke produced: 
At merchant plants thousand short tons 5,915 (1) (1) 
At furnace plants zzz do.... 59,739 (1) (1) 
Total. on (ue oc y ³ do 65,654 871 66,525 
Breeze produced do.... 4,665 (3) 
Coal carbonized: 
Bituminous: 
Thousand short tons 94,581 1,428 96,009 
Value (thousands); $1,154,478 $10, 438 $1,164,916 
Average per Lon... $12.21 $7. $12 
Anthracite: 
Thousand short Long... V 472 
Value (thousands) $5,888 n $5,888 
Average per ton 17770 312.47 
Total: 4 
Thousand short tons 95,053 1,428 96,481 
Value (thousands) $1,160,367 $10,438 $1,170,805 
Average per ton $12.21 $7. $12 
Average yield in percent of total coal carbonized: 
AAA A EAN AA 69.07 60.99 68.95 
Breeze (at plants actually recovering)................- 4.91 (3) 
Coke used by producing companies: 
In blast furnaces: 
Thousand short tons 56,646 ...........- 56,646 
Value (thousands)))) $1,554,847 ...........- $1,554,847 
In foundries: 
Thousand short tons J 311 
Value (thousands ))) $12,605  ...........- $12,605 
For other industrial uses: 
Thousand short tonn ss 861 sc scenes nk 361 
Value (thousands) coco. $8,567 / $8,567 
Breeze used by producing companies: 
In steam plants: 
Thousand short tons 8666 8 366 
Value (thousands) $2.25] T $2,257 
In agglomerating plants: 
housand short tons 1 9 888 1.948 
Value (thousands) 320, 89922 $20,893 
For other industrial uses: 
Thousand short Gong... CCC 704 
Value (thousands ) $6.195- -cc dousana $6,195 
Coke sold (commercial sales): 
To blast furnaces; 
Thousand short tons 3,709 829 4, 
Value (thousands) $92,910 $16,383 $109,293 
Average per ton $25.05 $19.77 $24.08 
To foundries: 
Thousand short tons_______ ooo 2,953 (5) 2,9 
Value (thousands)ʒ) $120, 544 (5) $120,544 
Average per ton $40.83 (5) $40 
To other industrial plants: 
Thousand short tons 1,841 40 1,881 
Value (thousands). ccoo $41,862 $892 $42,754 
Average per ton $22.74 $22.30 $22.73 
For residential heating: 
Thousand short tons „„ 48 
Value (thousands) $969 2-2- $969 
Average per ton 320 199 $20.19 
Breeze sold (commercial sales): 
housand short tons 2,067 (3) (3) 
Value (thousands)... coco $20,611 (3) (3) 
Average per ton $9.97 (3) (2) 
Coal-chemical materials produced: 
Crude tar: 
Thousand gallon s 760,928 760,926 
Gallons per ton of coal 8.00; ee 8. 
Ammonia: 6 
Thousand short tons 69] esse aise. 691 
Pounds per ton of eogl 2L LLL LLL s -- 15.77 ..........-- 15.77 
Crude light oil: 
Thousand gallonn s 244,107 ...........- 244, 107 
Gallons per ton of coal 2.08 M 2 
Gas: 
Million cubic feet 992, 799090 ͤ„ͤ„ 992, 790 
Thousand cubic feet per ton of coal 10.44 eonun 10.44 
Percent burned in coking process 38.30 ¿ocre 88.30 
Percent surplus used or sold____ 58 899 58.89 
Percent waste S 2.81 


See footnotes at end of table. 
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Table 2.—Statistical summary of the coke industry in the United States in 1970—Continued 


Slot ovens Beehive ovens Total 
Coal-chemical materials produced: — Continued 
Value of coal-chemical materials used or sold: 
Crude tar and derivatives: 
ME mu LAM EE thousands.. 337,877 $37,875 
§·Ü O A A NE 022 $56,924  .........--- $56,924 
Ammonia products )) Lc. 2. -- do- $13 229 ͤ uuu s $13,229 
Crude light oil and derivat ives .......- $37,055 ......-.---- $37,055 
lh ⁰ $148,381 ............ $148,381 


1 Not separately recorded. 

2 Plants associated with iron-blast furnaces. 

3 Withheld to avoid disclosing individual company data. 

4 Data may not add to totals shown because of independent rounding. 

$ Combined with “to other industrial plants” to avoid disclosing individual company data. 
6 In terms of sulfate equivalent. 

7 Includes ammonium sulfate, ammonia liquor (NH y content), and diammonium phosphate. 
8 Includes intermediate light oil. 


Table 3.—Summary of oven-coke operations in the United States in 1970, by States 


Plants in Coal Yield Coke 

State existence carbonized of coke produced 

Dec. 31 (thousand from coal (thousand 

short tons) (percent) short tons) 
Ala DAMA m oe te 7 8,649 70.71 6,116 
California, Colorado, Utah .. g 3 5,116 63.23 3,235 
Maryland, New Jersey, New Vork 5 11,536 69.52 8,020 
rr ⁰ eee 5 3, 666 64.27 2, 356 
I. ³o»¹wwm y eee a 6 13,071 68.31 8,929 
Kentucky, Missouri, Tennessee, Texas 5 2,895 69.15 2,002 
Michigan 3 5,117 73.36 3,754 
Minnesota and Wisconsin 3 1,166 77.27 901 
AN A x8 12 12,697 70.10 8,900 
Pennsylvania. 11 26, 159 69.62 18.212 
West Virginia 3 4, 980 64. 86 3,230 
Total in 1970 o 44 63 95,053 69.07 65,654 
At merchant plant 15 8,208 72. 06 5, 915 
At furnace plant 48 86, 845 68. 79 59, 739 
Total in 1969999999292. 64 92, 285 69.40 64, 047 


! Data may not add to totals shown because of independent rounding. 


Table 4.—Summary of beehive-coke operations in the United States in 1970, by States 


Plants in Coal Yield Coke 
State existence carbonized of coke roduced 
Dec. 31 (thousand from coal thousand 
short tons) (percent) short tons) 
Pennsylvania and Virginia 6 1,428 60.99 871 
Total: 
p Ee ut A NA EEN 6 1,428 60.99 871 


y AAA 7 1,158 61.31 710 
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Table 5.—Production of oven and beehive coke in the United States, by months 


(Thousand short tons) 


1969 1970 
Month ———————————— 
Total} Daily average: Total! Daily average ? 
OVEN COKE 
CT IA 5,177 167 5,332 172 
A A A A 4,873 174 5,069 181 
March oa a A ue V s 5,297 171 5,655 182 
Fffö. ³⁰¹¹wm²² ⁰mu . RS 5,312 177 5, 468 182 
A Q ĩÄ A ⁵ĩ A 8 5,514 178 5,603 181 
AE LOT AA RUN A RR 5,347 178 5,402 180 
July lesu NI 8 5,386 174 5, 442 176 
A ³·i te 5,412 175 5, 368 173 
September 5,274 176 5, 425 181 
G ĩßõĩ· ³⅛»2iiii. ð y 5, 552 179 5, 680 183 
November 5, 333 178 5, 537 185 
December. .................--.--.-.....2-- 5,570 180 5,672 183 
Total zu lia ta Ee 64,047 175 65,654 180 


January A 8 43 1 81 3 
Ph 8 42 2 78 3 
II y ĩè ru ta ss 52 2 74 2 
AD REES 60 2 73 2 
))ͤͥĩͥĩͥĩê y k k k masu e 53 2 71 2 
JUNO 8 53 2 73 2 
Jy uyu oso n A CE NDERIT E ETE 47 2 71 2 
TS A m Sua 70 2 69 2 
September 76 3 70 2 
Oe 69 2 74 2 
November 63 2 68 2 
December 81 3 68 2 
Total ð ] ˙·˙ a punc o 710 2 871 2 
TOTAL 

ER e ci 5,220 168 5,413 175 
IIS AAA A ea tta 4,915 176 5,147 184 
el EEN 5,349 173 5,729 185 
April: A NA 88 5,372 179 5,541 185 
A EE 5,567 180 5,674 189 
A o .. E ANO 5,400 180 5,475 183 
July. A A AN ES 5,433 175 5.511 178 
August |. 1. ia ea Se 5, 482 177 5,437 175 
September, 5. 350 178 5, 495 183 
Oetober ___..___.....-..-_-...-..----.-- 5,621 181 5,754 186 
November 5. 396 180 5, 605 187 
December 5,651 182 5,741 185 
/// ³˙Ü—?' AA 8 64.757 177 66,525 182 


1 Data may not add to totals shown because of UA dee rounding. 
? Daily average calculated by dividing monthly production by number of days in month. 
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Table 6.—Production of oven coke in the United States, by type of plant 


(Thousand short tons) 
1969 1970 
Month 
Merchant Furnace Merchant Furnace 
plants plants plants plants 
PRODUCTION 
January AI 496 4,681 472 4,860 
Pebruary AAA 461 4,412 467 4,602 
Mareh- uc so oe eee 504 4,793 492 5,168 
April AO K 8 507 4, 806 469 4,999 
Ë V AN AA MISS MEA O 514 5,000 489 5,115 
JU ta a 8 495 4,852 494 4,908 
July EMEND 482 4,906 507 4,935 
A f EE b EE 498 4,918 495 4,878 
September 470 4,803 502 4,923 
ü ewe ees 506 5,046 512 5,169 
Novemberrrrr 485 4, 848 511 5, 026 
December 507 5, 065 505 5,167 
Total ———— MI 5,919 58,129 5,915 59,739 
DAILY AVERAGE 
A a EE 16 151 15 157 
ll a ato 16 158 17 164 
Mareh A “d!k8888 16 155 16 167 
April 2.2212 e amas 17 160 16 167 
8 ANN k ß PN ER 17 161 16 165 
JUNG. A y 16 161 17 164 
JUI ie ea esu A A IA 16 158 16 159 
A EE 16 159 16 157 
September... 16 160 17 164 
Oetober- A 16 163 17 167 
November... 16 156 17 168 
December is oo ß oe i un 16 163 16 167 
Average for year 16 159 16 164 
1 Data may not add to totals shown because of independent rounding. 
Table 7.—Production of oven coke and number of plants in the United States, 
by type of plant 
Number of Coke produced Percent of 
ý active plants ! (thousand short tons) production 
ear 
Merchant Furnace Merchant Furnace Merchant Furnace 
plants? plants plants plants plants plants 
1966 oes See eee ER 16 50 6,377 59,583 9.7 90.3 
1 h 16 50 6,220 57, 555 9.8 90.2 
19638388 8 16 48 5, 879 56,999 9.4 90.6 
1913 e 16 49 5,919 58,129 9.2 90.8 
/» 16 49 5, 915 59, 739 9.0 91.0 


1 Includes plants operating any part of year. 


2 Includes 1 light—oil refining plant. 
3 Includes 1 tar—refining plan 
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Table 8.—Production of coke in the United States, by States 
(Thousand short tons) 


State 1969 1970 
OVEN COKE 
IE A ß y eee 5,656 6,116 
California, Colorado, Utah eee eee ee 3,192 3,235 
Maryland, New Jersey, New York ` cl 2 c cll eee 7,664 8,020 
1 ar e AU e nos E ¾ ed 8 2,341 2,356 
JE EE AA ͥ ͥ ⁰ ·w . y ales gti aye ena 8,182 8,929 
Kentucky, Missouri, Tennessee, Texas 2,157 2,002 
Michigan, e d Ri Re pee 3,582 8,754 
Minnesota and Wisconsin 1,086 901 
)! a u aa a x RS 8,638 8,900 
PennasvlvaniS. MN A AI AAA A AE 17,989 18,212 
West Virginia____ eee eee ee eet Ln C eee 8,609 3,230 
AO ĩ x“! O A A IN 64,047 65,654 
BEEHIVE COKE 
Pennsylvania AA AS A A NA IAS 323 444 
z ß ela Slee E SIA 387 427 
TOA e as tea una %⅛ðé 8 710 871 
Grand toma. o a IAE E 64,757 66,525 


1 Data may not add to totals shown because of independent rounding. 


Table 9.—Breeze recovered at coke plants in the United States in 1970, by States 


(Thousand short tons and thousand dollars) 


Pro- Used by producers Sold 
Yield duced 
per AAA — On 
ton of In In agglom- For other hand 
State coal ! steam erating industrial Dec. 
(per- Quan- plants plants use Quan- Value 31 
cent) tity — n. x — .; — ĩ — — tity 
Quan- Value Quan- Value Quan- Value 
tity tity tity 
OVEN COKE 
Abr 5.88 465 (3) (2) (2) (2) 32 $405 288 $3,392 35 
California, Colorado, Utah..... 5.04 258 200 $1,904 18 131 (3 (2) 25 
Maryland, New Jersey, New 
ll!!! A 5.98 690 150 $992 (2) (2) (2) (2) 168 1,323 440 
Hines 5.62 206 (3) (2) (2) (2) 80 191 () 2 48 
Indiana AA 6.19 809  ... ..... (2) (2) 157 1,944 375 3,410 119 
Kentucky, Missouri, 
ennessee, Texas 5.80 168 () F 2) 2 93 1,034 20 
Michigan 4.49 230 (2) (2) (2) (2) 213 1,902 69 
Minnesota and Wisconsin 8.58 100 () (2) (2) (2) (2) (2) (2) (2) 87 
„ 4.88 620 () (2) 25 156 87 548 453 4,220 64 
Pennsylvania 3.28 858 () (2) 653 7,279 94 938 270 2,647 107 
West Virginia 5.22 260 (2) (2) (2) (2) (2) (2) (2) (2) 16 
Undistributed................ ---- o... 216 1,265 1,070 11,554 286 2,037 208 2,688 ..... 
Total 19703___________ 4.91 4,665 366 2,257 1,948 20,893 704 6,195 2,067 20,611 1,030 
At merchant plants........... 6.94 570 115 676 ..... ....-- 157 1,128 388 4,366 198 
At furnace plants 4.71 4,098 250 1,581 1,948 20,893 547 5,072 1,684 16,245 838 
Total 196899 4.77 4,401 439 3,365 1,650 14,863 775 5,224 1,518 12,369 1,080 
BEEHIVE COKE 
Pennsylvania and Virginia, 
"yn —— — asus (4) 6 crm (4) QO ‘Moses 
Total 1969999 8.36 DOr” chan sete lois. mou ͤ KV AS 20 140 (5) 


1 Calculated by dividing production by coal carbonized at plants actually recovering breeze. 
2 Included with “Undistributed” to avoid disclosing individual company data. 

3 Data may not add to totals shown because of . rounding. 

4 Withheld to avoid disclosing individual company data. 

5 Less than Le unit. 
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Table 10.—Oven- and beehive-coke breeze used and sold in the United States, by uses 


(Thousand short tons) 
Used by producers 
— _— A _ V Average 
Year In In agglom- For other Sold value 
steam erating industrial per ton 
plants plants use 
KI 644 1,873 505 1,172 7.27 
1961. A 8 594 1,695 517 1,250 8.46 
E A aa RE tC 508 1,634 589 ,9 7.34 
1969 EE 439 1,650 775 1,588 8.13 
II Oia cia eel x 366 1,948 704 12,067 9.74 


t To avoid disclosing individual company data, this figure does not include beehive-coke breeze sold. 


Table 11.—Apparent consumption of coke in the United States 


(Thousand short tons) 
Consumption 
Net Apparentꝛo —ñx • mo —uuʃää 
Total Im- Ex- change con- In iron All other 
Year produc- ports ports in sump- furnaces ? purposes 
tion stocks tion! —  —P n oI 
Quantity Per- Quantity Per- 
cent cent 
19666 67,402 96 1. 102 +376 66,019 59,637 90.3 6,383 9.7 
1967 _. 64,580 92 710 +2,390 61,572 56,205 91.3 5,367 8.7 
1968. .........- 63,653 94 792 +517 62,438 56,238 90.1 6,200 9.9 
99899 ᷣ 86 64,757 173 1,629 —2,865 1 66,166 60,176 90.9 5,990 9.1 
1970 ee 66,525 153 2,514 +993 63,171 58,151 92.1 5,020 7.9 


r Revised. 
1 Production plus imports minus exports, plus or mínus net change in stocks. 
* American Iron and Steel Institute; figures include coke consumed in manufacturing ferroalloys. 


Table 12.—Coke and coking coal consumed per short ton of pig iron 
and ferroalloys produced in the United States 


Coke per Coking coal 
short ton of Yield of per short ton 
Year pig iron and coke from of pig iron and 
ferroalloys 1 coal erroalloys 
(pounds) (percent) (pounds 
calculated) 
EE 1,300.6 69.9 1,860.7 
dd ( 1,287.8 69.6 1,850.2 
AA v ⁊ A 8 1,263.4 69.8 1,810.0 
LEE E 1,260.4 69.4 1,816.1 
%/%!õ³⁵ð A hee 8 1,266.6 69.1 1,833.0 


1 American Iron and Steel Institute; consumption of pig iron only, excluding furnaces making ferroalloys, 
was 1,282 in 1966, 1,262 in 1967, 1,248 in 1968, 1,252 in 1969 and 1,260 in 1970. 
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Table 13.—Oven coke produced in the United States, used by producers, 


and sold in 1970, by States 


(Thousand short tons and thousand dollars) 


Used by producing companies 


Pro- 
duced In blast For other 
State furnaces purposes 1 
Quan- Quan- Value Quan- Value 
tity tity tity 
Alabama . RTT 6,116 4,119 $100,319 192 $5,086 
California, Colorado, Utah. ........ 3,235 3,135 82,857 (2) (2) 
Maryland, New Jersey, New York... 8,020 6,877 198,862 (2) (2) 
A A 2,956 2,299 52,251 41 2,159 
Fe TN EE 8,929 8,457 168,469 (2) 
Kentucky, Missouri, Tennessee, 

e o ra o s S 2,002 (2) (2) (2) (2) 
Michigan 3. 754 (2) (2) (2) (2) 
Minnesota and Wisconsin 901 (2) (2) (2) (2) 

UI TEE 8,900 7,430 199,312 (2) (2) 
Pennsylvania 18,212 16, 790 548, 641 14 406 
West Virginia 3,230 (2) (2) (2) 
Undistributed ooo... 7,539 203,636 426 13,520 
Total 1970 65,654 56,646 1,554,347 672 21,172 
At merchant plants . 204 7,223 
At furnace plants 59,739 56,646 1,554,347 468 13,949 
Total 1969 64,047 57,289 1, 112, 745 845 23,183 
Commercial sales—Continued 
To To other For residential 
foundries industrial plants heating 
Quan- Value Quan- Value Quan- Value 
tity tity tity 
AlabamaaaK (2) (2) 501 $9,978 (2) (2) 
California, Colorado, Utah......... (3) (2) (2) E ` duse ee 
Maryland, New Jersey, New York. ` (2) (2) (2) (2) (2) (2) 
SII AOS oem ete 8 8 158 $21 
Ini ees (2) (2) (2) (2) (2) (2) 
Kentucky, Missouri, Tennessee, 
poc ——————Á—Á— (?) (2) (2) (2) (2) (2) 
Meli: (2) (2) (2) (2) (2) (2) 
Minnesota and Wisconsin (2) (2) (2) (2) (2) (2) 
AAA AI (2) (2) 119 2,699 (2) (2) 
Pennsylvania (2) (2) 399 8,452 (2) (2) 
West inn 8 98 PCC 
Undistributed ............-- 2,953 $120,544 717 18,548 51 1,028 
Total 1970?______________- 2,953 120,544 1,841 41,862 52 1,050 
At merchant plants 2,607 106,770 875 22,718 45 951 
At furnace plants 346 13,774 966 19,144 7 99 
Total 1969 3,103 109,509 2,393 43, 680 48 896 


3 


Commereial sales 


To blast-furnace 


plants 
Quan- Value 
tity 
(2) (2) 
IN (3) 
(2) (2) 
(2) (2) 
(2) (2) 
(2) (2) 
(2) (2) 
1,145 $32,239 
622 18,552 
1,942 42,119 
3,709 92,910 
2,042 43,719 
1,667 49,191 
3,409 65,247 
Total 
Quan- Value 
tity 
1,645 $47,002 

(2) (2) 

(2) (2) 

(2) (2) 

(2) (2) 

(2) (2) 

(2) (2) 

(2) (2) 
1,516 45,100 
1,334 39,498 

98 2,027 
3,961 122,738 
8,554 256,365 
5,568 174,158 
2,986 82,207 
8,953 219,832 


1 Comprises 311,000 tons valued at $12,605,000 used in foundries; 361,000 tons valued at $8,567,000 for other 


purposes. 
2 included with “Undistributed” to avoid disclosing individual company data. 
3 Data may not add to totals shown because of independent rounding. 
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Table 14.—Production and sales of beehive coke in the United States, in 1970 
(Thousand short tons and thousand dollars) 


Commercial sales 


Produced 
State To blast-furnace plants To foundries 
Quantity Quantity Value Quantity Value 
Pennsylvania and Virginia... 871 829 $16,383 (2) (2) 
Total: 
197022 871 829 16,383 (2) (2) 
1969 APPS 710 557 9,084 20 $244 
Commercial sales—Continued 
To other For residential heating Total 1 
industrial plants 
Quantity Value Quantity Value Quantity Value 
Pensylvania and Virginia 40 33927 colita 8 868 $17,275 
Total: 
E AAA 40 ;;—⁵¹ 8 868 17,275 
1989 ee 131 / aa 709 11,492 


1 Data may not add to totals shown because of independent rounding. 
2 Included with beehive-coke sold “to other industrial plants” to avoid disclosing individual company data. 
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Table 15.—Distribution of oven and beehive coke and breeze in 1970 1 
(Thousand short tons) 


Consuming State 
To blast- 
furnace 
plants 

Alabama 8,583 
Ariszong 2.22222... 
Arkansas — 
California. .............- 1,318 
Colorado 660 
Copnnectieut ~~... ~~ - 
Delaware 
E orioa NM MM EEA e a 8 
eorgia_.....-....-_..-. -----.---- 
I;; ðͤ K eee 
Dlinois -------- 8,705 
Indiana. 8,044 
Ch AAN oe: 
RUG cacas ³ V 
Kentucky..............- 979 
Lo Ce et y RE REUS 
Maine 
Maryland..............- 8,799 
Massachusetts. |... .... oooooooo-- 
ichigan...............- 4,457 
Minnesota.............-- 818 
Mississippi... - ---------- ---------- 
Missouri 
Montana. ooo... 
Nebraska 
Nevaddazaz„·◻zg 2-2-2- 
New Hampshire 
New Jersey... ooo ......-.-- 
New Mexico 
New York 8,679 
North Carolina........... _ 
North Dakota 
et eer 8,330 
Oklahoma 
Oregoů nun 
Pennsylvania 16,934 
hode Island... .......... _ 
South Carolina 
South Dakota... ......... .........- 
Tennessee 38 
„ 8 1,088 
Utada cs 8 1,156 
Vermont. 
la EE erue e ce naro ce oe 
Washington. 
West Virginia 2, 875 
Wiscon ing 
Wyoming 
Total! 60, 954 

Exported_.. 23 
Grand total........ 61,184 


3,269 


Coke 


To other 
industrial 
plants 


135 


2,237 


For 
residential 
heating 

5 
ex S 
ge Ce 
(2) 
ee 8 
17 
(2) 
c as 
E ua 
8 
— 7 
1 
8 
(2) 
BED 2 
— 5 
TUUS 
—— 1 
(2) 
EE 
LEE 2 
52 
52 


66,741 


441 


Breeze 


5,145 


! Based upon reports from producers showing destination and principal end use of coke used and sold. Does 
not include mp rele coke which totaled 153,000 tons in 1970. 


2 Less than unit. 


3 Data may not add to totals shown because of independent rounding. 
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Table 16.—Producers’ stocks of coke and breeze in the United States 
on Dec. 31, 1970, by States 
(Thousand short tons) 


Coke 
State Blast | Residential Breeze 
furnace Foundry heating Total 
and other 
| OVEN COKE 

Alabama- --.-.--------- -MMM 786 7 1 794 85 

California, Colorado, Utah...........-- 106: een qe WEE 106 25 

Maryland, New Jersey, New York...... 377 3 8 888 440 

TEE . Cia TI eves. AS 71 48 

Indiana A 417 16 (1) 434 119 

Kentucky, Missouri, Tennessee, Texas 18 18 T 87 20 

Michigan 153 13 2 167 69 

Minnesota and Wisconsin 52 11 4 67 87 

AA eee eee E 285 8 2 291 64 

ees IRA ER 1,640 18 11 1,668 107 

West Virginia... 889900 — 90 6 

Total 1970 :y0y22h22:˖:i ooo. 8,995 83 85 4,113 1,030 

At merchant plants 6 67 2 193 

At furnace polanta 8,989 16 14 4,018 888 

Total 1969999 3,000 83 87 8,120 1,080 

BEEHIVE COKE 

Pennsylvania 2% ³ĩVAd ͤ Oe. teste 

HERE, A x 
Total 

1970. AAA E O ee Metis! De aaa 

AAA E 100 ³˙ 1 S aa 


1 Less than 14 unit. 
2 Data may not add to totals shown because of independent rounding. 


Table 17.—Producers? month-end stocks of oven coke in the United States 
(Thousand short tons) 


At merchant plants At furnace plants Total 1 

Month — A — — — —ĩ— V.o V O Ə ————əƏ ——ə—ə— OA >° —PƏ=——Ü 

1969 1970 1969 1970 1969 1970 
Januar 323 86 5, 542 2,946 5,865 3,032 
February-.. . 283 65 5,278 2,969 5,562 3,034 
Marche cuina cascada 223 8 63 4,792 3,025 5,015 3,088 
ADI... necem AE 197 55 4,310 8,043 4,507 8,100 
9777). E EE Ds 193 58 8,969 8,040 4,162 8,098 
ns 167 47 3,729 2,907 3,896 2,954 
// a oa als 193 54 3,594 2,952 3,787 3,006 
August 186 49 8,629 2,914 8,816 2,963 
September.. 146 37 3, 553 3,019 3,699 3,057 
October. ..............-- 121 46 3,309 3,388 3,430 3,433 
November............... 119 86 3,202 3,691 3,320 8,777 
December 99 95 3,020 4,018 3,120 4,113 


1 Data may not add to totals shown because of independent rounding. 


Table 18.—Average receipts per short ton of coke sold (commercial sales) 
in the United States, by uses 


OVEN COKE 
Year To blast- To To other For 

furnace foundries industrial residential Total 

plants plants heating 
k A 8 $16.33 $31.75 $16.90 $17.39 r $22.22 
1). 8 16.2 32.40 17.16 17.35 22.67 
A ³ ĩVA ⁰ sewed 16.40 82.43 15.97 17.96 22.00 
1969. A DrAE Se 19.14 85.29 18.25 18.67 24.50 
T90 ud eee 25.05 40.83 22.74 20.19 29.97 

BEEHIVE COKE 

KEE $13.58 $15.30 $16.77 $16.77 $14.60 
AAA 14.97 12.34 15.41 15.41 15.08 
1968... 2: 8 15.14 6.84 14.80 18.60 15.00 
1969. ums ] Ä A nO 16.31 6.84 15.93 16.52 16.23 
KI ut A K ina Guyu 19.77 18.98 28.01 19. 89 
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Table 19.—Coke exported from the United States, by country and by customs district 


1968. 1969 1970 

Short Value Short Value Short Value 

tons (thou- tons (thou- tons (thou- 

sands) sands) sands) 

COUNTRY 

ADROlA amada ed Aue uni ias 8 13,632 $714 
Argentina- A SA 12,233 $535 7,890 458 
Australian lib % A 30 1 
Belgium- Luxembourg „„ 6,212 132 45,453 1,694 

1:57 EE 8,205 267 29,285 1,027 76,978 : 
Ü «²˙¹W —wD : ³ðͤ- ⁊xꝶv ß d y Was 141,147 7,719 
Canada. 247,515 6,840 292,223 8,189 347,122 10,698 

Chile cuota rs a (1) (1) 3,517 37 28,068 , 
Congo, (Kinshasa)... uoa ctas. ea, 8 3,049 162 
Dominican Republica 349 9 195 5 378 12 
ONO u Le d y d aa 16,609 276 
Franco MI yſ dd EE 5,621 275 
Germany, West 468 10 14, 882 631 42, 636 1,348 

1 1,697 47 5 19 7 

AAA z ⁵ĩͤ eiue ue 28 E/ eee 134,790 1,988 
PP 39,010 451 55, 640 648 310,487 4,233 
Miese areas 846,547 8,776 629,816 15,258 375,996 9,827 
NetherlandB... 2. ] ⅛ &0v0! --------> iaa 234,460 4,929 102,217 1,242 
OPW YV 222 oo ³ ³ AA dd cci o la ⁰⁰yͥad 6,017 219 
e A EE 64,394 1,595 38,985 1,731 
Philippines 1,088 Ol. 5.5.55 oo. oca | as 
E EE 129,035 3,192 388,983 14,002 

SPAM 8 13,552 164 78,180 : 
una oe bc ae eee tau S ~ mw y eu osi Aes 19,522 1,077 
United Kingdom . 188 4 447 10 871 7 
Venezuela. 1... 145,919 2,128 141,920 2,098 244,588 11,616 
Kaf TT De a a ĩèͤ v (xd 8 8, 075 391 
M/ eebe 770 45 1.022 46 81,619 3, 126 
lr 8 791, 909 18,613 1,629,488 38,510 2,513,678 78,885 


e M—M——M——À———M——M——————M—— 


Baltimore. 1,185 35 278,811 6,834 501,485 16,438 
Buffalo... owe Sl uuu so SQ los. 125,296 8,316 106,831 2,873 153 , 427 5,012 
Cleveland Sie . . . 18, 769 160 
Ä EE EE 13, 965 188 
Dee; 88 85,231 2, 372 152,431 4,316 242, 292 5, 296 
, nn Ron 4,000 132 4,690 166 1,322 54 
El Paso 9,060 233 29,361 762 1,532 41 
Great Falls u a S culta be alada. Dadas. ⁰yy E 1,340 86 
Houston 2, 565 71 1.27 1,285 49 
Laredo 336, 964 8, 523 598, 579 14, 438 372, 724 9, 728 
Los Angeles 39, 164 450 55, 565 37,707 
Moll! ĩð aba 145, 036 2,102 230,044 4,455 486,360 11,097 
New Orleans 150 29 13,869 7 30,080 
New York City ꝛ 5,233 174 667 21 9 
NL AAA A 239 11 845 25 223 11 
Norfolk: uu e ata ello ` d e 9,729 169 181,986 8,059 
Ogdens burg 5, 358 124 11,915 837 20,546 586 
Pembung -a 15,730 492 15,815 550 22,692 874 
Philadelphia. .... ............. 4,550 137 90,117 2,874 465,180 19,687 
Portland, Maine...............- .........  ......--- 16,359 SIG) occum. ena do 
St. Albans..... pp CM MI E RU ĩ ĩVͥũ ⁵ ⁵ ⁵ ⁵ ⁵⁵⁵ᷣͤ dds ME Ern Lec EE 1,370 22 
San Diego 248 8 1,072 29 1,517 47 
Seattle 11, 520 390 11.741 408 7, 589 296 
Bd h Lu Sus 0 14 15 164 

Total. A uses usu] Ls 791,909 18,613 1,629,488 38,510 2,513,678 78,885 


1 89 short tons ($11,063) reported by the Bureau of the Census, has been deleted. 
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Table 20.—U.S. imports for consumption of coke by country and customs district 


1968 1969 1970 
Short tons Value Short tons Value Short tons Value 
(thousands) (thousands) (thousands) 
‘COUNTRY 
Canada . 90,580 $1,630 169,341 $2,989 146,275 $2,784 
France.............----- 5 6 858 102 ^. 2,498 255 
ri West. 2, 668 186 Sin 0) 248 8,888 456 
1 
N etherlands PFF 785 82 82 15 218 36 
Totaal 94, 085 1. 904 173,052 3,354 152,879 3,581 
CUSTOMS DISTRICT 
Buffalo 2,962 23 2,708 88 9,339 171 
GIII; (alas. 19,085 KZ RE 
Detroit 4,083 44 43,475 882 22,102 408 
TUG het ns ee dui a. id ia le 8,156 53 
Great Falls 78,285 1,462 92,795 1,776 98 , 504 1,964 
Honolulu 2 
III K 8 74 O A E 8 
Mobllé..... ciu ad, aaa 777 93 1,810 176 
New Orleans 8,078 249 2,428 246 3,870 484 
Ogales. s 492 )))) Ar slot MAE 
Ogdensburg.............. ----------  ...-...-.- 5,440 43 214 10 
: r ⁊ð y wk m dd ß 7,204 68 
Portland, Maine 17 (1) 55 1 (1) 
St BS. Sees 3 1 34 1 21 (1) 
San Juan. 529 21 105 A luigi polainas 
%%% Y a as muU EE 650 74 
Seattle 4, 986 88 5, 786 122 5,721 114 
Totál.- cata 94,085 1,904 173,052 3,354 152,879 8,531 


1 Less than Le unit. 


Table 21.—Coke: World production by type and country 
(Thousand short tons) 
Kind of coke and country ! 1968 1969 1970 » 


METALLURGICAL COKE ? 
North America: 


Canada 5,311 5, 002 5 668 
E e 2-4 . y è y y D e 1,271 1,258 1,433 
United States 63,653 64,757 66,525 
South America: 
Argentina ““““nn n 402 398 e 397 
FFP o E  ] U r0»PSꝛrk y 8 1, 550 1,661 1,797 
Chile. i codo ß . A r 885 e 850 
TEE e 480 513 549 
1j y ³Ä e oaea aaa r 46 53 e 55 
Europe: 
Austria 2222 7 r 1,790 1,907 1,949 
5 A REOR TES OTRA TECNICI r 7,988 7,992 7,722 
EE 901 876 e 880 
Czechoslovakia JJ E RN AA 10,410 11,087 11,316 
pd E ENANA . , AI 132 157 
Praneen dd LLL LLLLLLLLLLLLLL LLL LLL r 13,604 14,924 15,597 
Germany, East. ĩ˙» d . seta 2,812 2,636 3,034 
Germany, West. . r 39,950 43,002 44,023 
Ja AA AAA AAA 551 
Italy AI EEN r 7,012 7,314 7,767 
N (horan da Jããͥõͥ y d AOp Te r 8,230 2,238 2,201 
OPW Sci to 42 343 
Pill te ee ad dida r 15,890 16,336 e 16,747 
Romania. o LL LLL LL cL cc cec c LS LL LLL scan 1,249 1,085 1,179 
Spain s.___ A y NOUO: 3,882 4,063 4,422 
Sweden é 577 588 584 
S/ ²˙“uſ ee ͥ ⁰ðy AAN 78, 821 81, 020 83,114 
United Kingdom r 18,197 18, 564 18,287 
Yugoslavia. _ ooocoooocoooccoooococococonnnoooo..- r 1,293 , 284 1,351 
Africa: 
Rhodesia, Southern 244 268 e 270 
South Africa, Republic of a r 3,500 r 3,700 4,000 
p mitad Arab Republic . 344 344 e 350 
> China, mainland 2 2... ccc Lc c LL cl lc. r 17,000 r 19,000 20,000 
Indig . ea Se 8,122 9,854 e 9,600 
Iran $5.5 r PS r 49 57 60 
Japan AAA AA 28,810 84,186 40,095 
Korea, North. ooo coco r 2,200 2,200 2,400 
A ;ꝗVʃ2 A A D a 227 217 308 
A A 1,576 1,591 e1,790 


See footnotes at end of table. 
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Table 21.—Coke: World production by type and country—Continued 


Kind of coke and country 1 1968 1969 1970 p 
METALLURGICAL COKE—Continued 
Oceania: 
Austral. c oso ⁵ ³ x 4, 360 4, 906 5,485 
New Zealand 6 6 7 
Subtotal— Metallurgical cok r 848,112 366,210 382,510 
GASHOUSE COKE $ 
South America: 
LA A pt ue 218 192 e 200 
Uruguay oscar ias 22 18 e17 
ads es 
TEE r 218 e cu E 
Czechoslovakia__.___.__.__.....--..-.---_---------- 98 32 e 83 
Denman. isa r 324 177 e175 
Ae AA E a 9 10 
CROCE ye aera eae ee ee LUE ĩͤ ee NE 17 15 e15 
Germany, Wes tees r 2, 565 2,652 2,795 
AEN a cota a o rta r 477 475 e 475 
CC ð r 60 40 e 40 
Itn c coc ³⁰¹· ö dba y k aoe GE 297 212 138 
Netherlands 3 c 6 
Poland. 2 . , . u aus r 1,430 1,486 e 1,490 
BD BUN AAA ee :::: r ß ae ee E Cel 7 
A SS SSS E ) çaa S S S l): ssp 543 443 e 440 
Switzerland r 336 308 181 
United Kingdommu nu r 5, 146 3,344 2,097 
ee, , . oo al ss J2;õͤĩÄöÜé—:ʒův me A 
Africa: 
" South Africa, Republic o r 117 e 110 e110 
ia: 
I ohh IA Cd b ms e 55 1 e 82 
T / educ y 8 4,927 5,521 5,267 
KA EE . E. 55 1 
Turkey EENEG 200 200 200 
Oceania 
!!. ro ee r 700 772 e 772 
New Zealand do ocu da -w coe e 66 40 
Subtotal —Gashouse coke-.------------------------ r 17,892 16,296 14,591 


| ALL OTHER TYPES 10 
North America: 


United States esses; 174: A AA 
ee 
zechoslovaki˖aa „„ r 1,813 1. 540 e 1, 540 
J 2006020: 292 go rc ͤ K kuy g s //] 8 
Germany, East iiiII il 7,489 7,092 6,918 
HBA é jS 814 801 e 90 
Asia: 
I AP ⁰ͤK ⁵ h 8,290 4,548 e 4,400 
II ³⁰·̈]]A —— ee 80 
Subtotal—All other types. _____.....-.-...------.. r 13,401 13,561 13,028 
Grand total AU Gvpes r 379,405 396,067 410,129 


e Estimate. p Preliminary. r Revised, 

1 In addition to the countries listed, Algeria, Ceylon, Malaysia, mainland China, Mexico, Norway, Romania 
U.S.S.R. and United Arab Republic have produced gashouse coke in previous years and may have continued 
production into the time period covered by this table, but no statistics are available and information is inade- 
quate to make reliable estimates of output levels. Japan also produces low temperature coke but data are not 
available. Except where otherwise noted, coke breeze has been excluded from this table. 

* Coke produced at high temperature in conventional carbonizing equipment (including slot and beehive 
coke ovens). 

3 Includes breeze. 

4 Includes relatively small amounts of gas coke. 

5 Includes relatively small amounts of low-temperature coke. 

6 Data are total of so-called hard coke production from collieries and coke plants (including those at steel 
works). 

7 Data are for years beginning March 21 of that stated. | 

8 Includes coke produced at high temperatures in carbonizing equipment designed primaniy tor gas manu- . 
facture. (Horizontal and vertical coal-gas retorts.) In addition to countries listed, Canada and Finland produce 
gas coke but output is not reported separately from metallurgical coke and the output has been included in 
that section of this table. 

9 Data are for years beginning March 31 of that stated. 

10 Includes coke produced at low and medium temperatures, as well as coke produced in unconventional 
equipment (chain-grate cokers). . 

11 Includes coke produced from lignite at high temperatures. 
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Table 22.—Quantity and value at ovens of coal carbonized in the United States 
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in 1970, by States 


Coal carbonized Coal per ton of coke 
State Value 
Thousand Short tons Value 
short tons Total Average 
(thousan 
OVEN COKE 
Alabama. A A 8,649 $98,417 $11.38 1,41 $16.05 
California, Colorado, Utah 5, 116 59, 887 11.61 1.58 18.34 
Maryland, New Jersey, New Tork. 11, 536 180,887 15.68 1.44 22.51 
Hilger, isz 8,666 40,895 11.16 1.56 17.41 
3 Mo ane T S aee 93 13,071 154,720 11.84 1.46 17.29 
entucky, issouri, ennesses, 
eeng §ö;ͥo ã ln se ATA aus 2,895 29 , 592 10.22 1.45 14.82 
Michigan 5,117 75, 140 14. 68 1.36 19.96 
Minnesota and Wisconsin 3 1,166 16,498 14.15 1.29 18.25 
Ohio... de aa 3833 12,697 144, 164 11. 35 1.48 16.23 
1 van ian 3 26,159 307, 634 11.76 1.44 16. 93 
irgin ia FFF 4,980 53, 584 10.76 1.54 16.57 
Total 1970 2 . 95,053 1, 160, 867 12.21 1.45 17.70 
At merchant planta...... DETENER 8,208 ,680 12.27 1.39 17.06 
At furnace plants ota acid 86,845 1,059,687 12.20 1.45 17.69 
Total 1969 Ee 92,285 961,265 10.42 1.44 15.01 
BERHIVE COKE 
o vans and Virginía_...---2----. 1,428 10,438 7.81 1.64 11.99 
otal: 
8 CCC 1,428 10,438 7.81 1.64 11.99 
NOCET cores 1,158 7,226 6.24 1.63 10.18 


1 Data may not add to totals shown because of independent rounding. 


Table 23.—Bituminous coal carbonized in coke ovens in the United States, by months 


(Thousand short tons) 
1969 1970 
Month 
Slot Beehive Total 1 Slot Beehive Total ! 

Januar 7,879 78 7,452 7,659 183 7,792 
Februar 6,987 70 7,007 7,238 126 7,364 
MATO ia 7,579 86 7,665 8,116 123 8,239 
1 ECCE ea 7,581 97 7,619 7,853 123 7,976 
A x8 7,866 88 7,9 8,099 114 8,218 
DUNG) AAA A A 7,656 87 7,743 7,786 114 7,900 
/ ͥ ³⁰»- EE 7, 755 78 7,883 7,841 117 7,958 
August u l. e 7,729 111 7,840 7,822 114 7,936 
September... 7,594 120 7,714 7,808 117 7,925 
October. 7 7,981 111 ; 8,216 122 8,338 
Novemberrlrr„ . . ....... 7,664 105 7,769 7,957 113 8,070 
December 8,022 132 8,154 8,185 113 8,298 
Ti mt 91, 743 1, 158 92, 901 94, 581 1, 428 96,009 


t Data may not add to totals shown because of independent rounding. 


Table 24.—Anthracite carbonized at 
oven-coke plants in the United States, 


by months 
(Thousand short tons) 

Month 1969 1970 
uur, idad donada 49 47 
February............-...-....- 46 45 

¡A TN ( 46 43 
ADT corso tooo ere en uL 43 39 
C$ EEN 44 44 
PUN A A 41 88 
— s E 
G7%ö§ö§;öeẽ 8 
September 49 36 
October 48 35 
Novemberrlr.r 44 38 
December 53 85 
Total i. 542 472 


1 Data may not add to totals shown because of 
independent rounding. 


Table 25.—Average value per short ton 
of coal carbonized at oven-coke plants 


in the United States, by States 


State 1969 
Alabama. $10.22 
California, Colorado, Utah....... 10.98 
Maryland, New Jersey, New 

r ͤ A 12. 52 
Ilinois. .............-...--...- 9.74 
Indians ec 11.11 
Kentucky, Missouri, Tennessee, 

Toras 2-5 onus Missae 8.28 
Michigan 11.38 
Minnesota and Wisconsin 13.66 
ONG AAA 10.07 
Pennsylvania 9. 68 
West Virginia 8.57 

EEN 10.42 
Value of poa Ber ton of coke. .... 15.01 


1970 
$11.38 
11.61 
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Table 26.—Average volatile content of bituminous coal carbonized by oven-coke plants 
in the United States 
(Thousand short tons) 


High Medium Low Total 
Year Volatile Volatile Volatile Volatile 
Quantity content Quantity content Quantity content Quantity content 

(percent) (percent) (percent) (percent) 
1966 —U——6= 63,061 34.6 10,395 26.2 20,067 17.8 93,523 80.1 
1967 1111 59,787 85.1 12,470 26.4 18,644 18.2 90,900 30.4 
1968 55,853 35.0 12,906 27.3 20,074 18.7 88, 833 80.2 
19699 59,284 35.1 12, 785 26.8 19,674 18.6 91,743 30.4 
1970 1. 62,703 34.0 11,660 26.3 20,217 17.2 94,581 29.4 


1 Data may not add to totals shown because of independent rounding. 


Table 27.—Coal received by oven-coke plants in the United States in 1970 
by consuming States and volatile content 1 
(Thousand short tons) 


High- Medium- Low- 
volatile volatile volatile Total 
Consuming state MA V ä - — — — COAL 
Quan- Percent Quan- Percent Quan- Percent receipts ? 
tity of total tity of total tity of total 


„e, . ab uuu 1,889 21.8 6,069 69.9 719 8.8 8,678 
California, Colorado, Utah................. 4,854 83.1 813 15.5 70 1.4 5,288 
Maryland, New Jersey, New York.......... 8,136 71.5 491 4.8 2,757 24.2 11,385 
MNOS A A 88 2,913 79.0 39 1.0 736 20.0 : 
Inh; ð 8 8,211 63.8 1,619 12.6 3,041 23.6 12,872 
Kentucky, Missouri, Tennessee, Texas 1,146 41.1 336 12.2 1,280 46.8 2,762 
Meinen ee eee 3,356 66.1 246 4.9 1,473 29.0 5,076 
Minnesota and Wisconsin 299 29.0 308 30.0 424 41.0 1,082 
P öõĩõĩ]ð⁴i. ¼50ͤðůr 88 9, 889 78.7 163 1.8 2,518 20.0 12,566 
Pennsylvania_ .- ------------------------- 18,657 70.8 1,733 6.6 5,962 22.6 26,352 
West Virginia 4,221 33.0 ect usos 865 17.0 5,087 
Total id % «ĩ]? ðâ“½Ux 8 63, 073 66.6 11,819 12.5 19,843 20.9 94,785 
At merchant polants 3,599 45.8 954 12.1 3,313 42.1 7,866 
At furnace plant 59,474 68.5 10,865 12.5 16,530 19.0 86,869 
Total DE eege 60,074 65.5 12,187 13.3 19,387 21.2 91,648 


1 Volatile matter on moisture-free basis: High-volatile—over 31 percent; medium-volatile—22 to 31 percent; 
and low-volatile—14 to 22 percent. 
2 Data may not add to totals shown because of independent rounding. 
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Table 28.—Origin of coal received by oven-coke plants in the United States in 1970, 
by producing county and volatile content 


(Thousand short tons) 


State and count 
where coal was produced 


High 
Alabama: 
Blount. tee 
IBID na à ²⁰uQ—T2ĩ2T2AB ... d Sa SE 28 
P z A A 816 
Tusca loo 
MM / ⁰˙-¹-- mA K .. 30 
Colorado: 
G. ³¹— A ⁰¹ rcu tc sau dus 825 
Las Animas caia a te suu ame 1,062 
l Z o tee eU 8 
Sak d ees See A ee ei eee. Qa G ee es 
Illinois: 
Franklin.. nac no te ete . ir 8,105 
Jefferson 1,805 
Ji AAA PO NI Pee es ees 234 
Williamson 31 
Indiana: 
Lak6. ⁰ͥ¹ͥ . ͥ K ˙·⁰ . um 2 8 
Kentucky: 
e ß e i cs 2,156 
Floyd. noce ³˙ iet 2 n Ld 1,017 
ARAS EL. 8,560 
Knott o eo Lese A a E 07 
¡IP A 2,691 
7 ˙ A 8 1 
I ⁰˙.Üuà ³·Ü¹.A ü EE E 3,462 
New Mexico: 
;!!H“!;ö§ o ta a 768 
Oklahoma: 
, . . coe Seen 
Le Floro- ˙¹ð⅛³Alͥi¹A⁰iö ũ⏑ —r es ⁰⁰ym kt 8 
EE A A 153 
Pennsylvania: 
IN A A A Save Os OZ 
Bituminous: 
Allegheny. ng) 2,434 
TER 10 
˙⁰uU .... 
Greene 6,835 
Somerset ll lle ew .. ....... l... ... cale 
Washington 12,306 
Westmoreland 594 
Tennessee: 
F J%%y%y%%%ͤoÜ 8 29 
CCC%Ü·Ü¹o d ˙⅛²ʃ⁰ñf ]è;ͤ ] ͤ . ͤ u Se 1,704 
Virginia: 
Buchanan... .. . . eee 477 
Dickenson... a 554 
Russell ³6 3 32 
AAA ˙¹ AAA. 8 956 
West Virginia: 
, ß . l. 191 
Bh ³ y 8 1,477 
Fayette 2,465 
Greenbrier.. ... .... 2. LL LLL cca cesses sss sce 9 
Kanawha. os) cónica 1,622 
1 A A mass Si ee wae ss 4,048 
McDowell.. oo Zas ]³⅛Vw: a quud ek 
¿Le A A ⁰ 1,988 
TEE AA 
e EPEE O A TA 1,497 
Monongalia romano 
Nicholas 480 
Ralle. EE s s l s s s 151 
Russell_________ o 15 
Wb caida talas 
wh... ³ð Si 425 
Totali S c u l d ↄ ↄ Uy dedo 63, 073 


Volatile content 1 
Medium 


= e ay om em gem en em om 
C > — um em gp = a 
ep em  - dp am om em em 
- 4» em em am om e = om 
an en Gb em QD a em em — 
em em gn — m s“ w 
em em em om — gp em a 
ep em om em — om em = 
ep dë gp ep — gp gem em 


wm wm ep om dem em gp gn em 
-— eg A ép — em emp em 
em wm — gn em ep gp ge 
em em om em em ma em wem 


53 
221 
11,819 


19,843 


Total 2 


2,669 
94,735 


1 Volatile matter on moisture-free basis: High-volatile—over 31 percent; medium-volatile—22 to 31 percent; 


and low-volatile—14 to 22 percent. 


2 Data may not add to totals shown because of independent rounding. 


3 Less than 14 unit. 
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Table 29.—Origin of coal received by oven-coke plants in the United States in 1970, 
by States 
(Thousand short tons) 


Producing State 
Consuming State 

Ala- Colo- Illinois Indiana Ken- New Okla- 

bama rado tucky Mexico homa 
AAßöFRU ³oÄeiA ⁵ ⁵⁵⁵⁰ h ³˙¹ uu ² my ³ĩ¹¹w mA 8 
California, Colorado, Uta %%%%%éͤꝑ¾ 768. lc 
Maryland, New Jersey, New Lokk Otte: .cuzeum eiua 
III es AA 1,644 8 L; 1622. omar a 
Idi... 8 14 `... 8,031 ...... AGL A 
Kentucky, Missouri, Tennessee, Texas ...... 222-2- ooo... 88 ...... 550 
Michigan cocos Ve ass mesos 1.609 massor gees 
Minnesota and Wisconsin. __ ............- ------ 222222 amooo ------ ö;õ; 7 
Ohio; ĩ¹W¹¹ ʃ¹ ůmwↄ . uum sau Sion y ` ę la 1.248- l.c Elisa 
HHC u u oe Z u ³oꝛ¹˙u· ͥ oh ĩðz 8 80 —8 
West / caia ² ĩ ũ.ùi e v — ODA 8 
Total 19701______________...... ....- 6,758 2,691 4,675 8 18,227 763 550 
At merchant plante WIO ` asa, ⁰ ll noncen 8 
At furnace planta 5,748 2,691 4,675 8 18,087 768 550 
, „053 2,412 3,3922 12, 582 742 508 

Producing State—Continued 
Total 
Pennsyl- Utah Virginia Tennessee West 
vania Virginia 

Alabama. A A 1,146 ........ 152 8,678 
California, Colorado, Utah...............-. .....- r 80 5, 238 
Maryland, New Jersey, New York.......... 4,660 ...... 406 .......- 8,546 11,385 
Hino... ep Encre eux 16 ...... 89. 2.22552 819 8,688 
Tode ²ĩ˙.wü ] ¾˙ g y dr E ec 480 ...... 3895 ........ 5,791 12,872 
TR pied Missouri, Tennessee, Texas 24. 1-2 197 l2 1,952 2,762 
Mien... e ees 12: zzz 67 — 3,338 5,076 
Minnesota and Wisconsin___ _ 258 235 60 686 1,082 
ODi EE 4,983 ...... 1,004 29 5,302 12,566 
Pennsylvania 14, 830 699 ........ 8,016 26,352 
West Vireinia _--------------------- IGA xL 49 1,920 5,087 
Total 19703. o bici ee aoe 27,826 1,704 4,237 89 32,203 94,735 
At merchant planten 136 ...... 800 ........ 5,779 7,866 
At furnace plants 27,691 1,704 3,437 89 26,426 86,869 
Total EE ee 26,435 1,911 4.214  ¿  ¿ 33,405 91,648 


1 Data may not add to totals shown because of independent rounding. 


Table 30.—Quantity and percentage of captive coal received by oven-coke plants 
in the United States 
(Thousand short tons) 


At merchant plants 


At furnace plants 


Total 1 


Year Total Captive coal Total Captive coal Total Captive coal 

coal —- coal — —— — coal — 

received Quantity Percent received Quantity Percent received Quantity Percent 
IO — 8, 670 3, 006 34.7 85, 694 54,155 63.2 94,364 57,161 60.6 
198 U—8 8, 545 3,109 36.4 85,495 52,928 61.9 94,040 56,038 59.6 
196888 7,735 2, 659 34.4 81.213 48,999 60.3 88,948 51,658 58.1 
1969.........- 8,232 2,895 35.2 83,416 52,447 62.9 91, 648 55,342 60.4 
1970 7,866 2,320 29.3 86,869 51,379 59.2 94,735 53,699 56.7 


1 Data may not add to totals shown because of independent rounding. 


Table 31.—Month-end stocks of bituminous 


coal at oven-coke plants 
in the United States 


Table 32.—Month-end stocks of anthracite 
at oven-coke plants in the United States 


(Thousand short tons) 


(Thousand short tons) 

Month 1969 1970 Month 1969 1970 
unn. 8, 654 r uu LT OPERE. 125 101 
r ers 8,222 7,796 — February..........-.--.--.-.-- 95 81 
March. cocoa curas lesa 7,422 8,390 P1111 ³ é 74 71 
i A 8,001 8.678. Apni. 79 65 

Vua aan E t RECTORES 8,743 9,093 A A hk y 8 85 77 
F;;§öÜ⁵Üédr.ſſ ⅛ð 2 K aes 8,822 9.236. Jüunne reia 100 82 
e eae Z a s , 558 6,591 ] ³·1 »». sd mesa us 99 78 
A GE 6,618 6,719 August 110 88 
September 7,888 7,112 September 119 96 
October____......-........-.--- 8,376 8,180 October.rrr 122 113 
Novemberr.rr 8,807 8,674 November 137 112 
December 8,962 8,924 December 130 121 
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Table 33.—Coal-chemical materials, exclusive of breeze, produced at oven-coke plants 
in the United States in 1970 1 


Sold 
Value On hand 
Product Produced Quantity ————————————— Dec. 31 
(thou- Total Average 
sands) (thou- per unit 
sands) 
Tar, erudee thousand gallons.. 760,926 371,203 $35,804 $0.097 47,174 
Tar derivatives: 
Sodium phenolate or carbolate. ........ do 3, 263 3,208 284 .089 199 
Crude chemical oil (tar acid oil) do.... 18,989 18,804 3,195 . 170 701 
Pitch-of-tar: ? 
Sl thousand short tons 547 239 5, 908 24.702 15 
J ³˙¹ s2uy 22d iui do.... 219 118 4,428 87.524 8 
Other tar derivatives: n hr // outil soe 
Ammonia products: 
ulfate_ 22... thousand short tons 595 611 9,438 15.438 156 
Liquor (NH; content) ---.- ooo... do.... 14 16 813 51.087 
Diammonium phosphate do.... 42 36 2,979 82.582 7 
Totalt A a dr 8 111222 AA 
Sulfate equivalent of all forms do- 691 . 172 
NH; equivalent of all form do 178 o ecc CEU 44 
Gas: 
Used under boilers, etc... _ million cubic feet 111,979 26,367 280 
Used in steel or allied plants . do... po tas 390,686 104, 480 208. 222.222 
Distributed through city mains do.... $992,790 10,996 4,056 .969  ......... 
Sold for industrial use___________ doo: aur EE 71,028 13,478 100 
Total €. cec do... 5992,790 584,684 148, 381 E27 ER 
Crude light ol. thousand gallons.. 6 244,107 98,060 11,888 .121 9,027 
Light-oil derivatives: 
Benzene: 
Specification grades (19, 29,9002). ..do.... 89,517 88,432 19,237 .218 4,144 
Other industrial grades do.... 8,975 8,685 556 .151 48 
Toluene (all grades)... ..............- do.... 17,041 16,765 3,093 .184 1,377 
Xylene (all grade)) do.... 4,501 4,752 945 .199 408 
Solvent naphtha (all grades) do. 3,707 3,288 536 .163 509 
Other light-oil derivatives do 4,693 3,019 698 .231 366 
e ³ĩðVA/ do.... 123,433 119, 942 25, 065 . 209 6,852 
Intermediate light oil! do 5, 066 1.187 102 . 086 169 
Gl!!! as cce 77777777 Và isa 


1 Includes products of tar distillation conducted by oven-coke operators under the same corporate name. 

2 Soft-water-softening point less than 110° F; medium—110° to 160° F; hard-over 160° F. Figures on hard 
pitch include small amount of medium pitch. 

3 Creosote oil, cresols, cresylic acid, naphthaline, phenol, pyridine, refined tar, tar paint. 

4 Data may not add to totals shown because of pos: rounding. 

$ Includes gas used for heating ovens and gas wasted. 

6 142,017,000 gallons refined by coke-oven operators to make derived products shown. 


Table 34.—Coal equivalent of the thermal materials, except coke, 
produced at oven-coke plants in the United States 


Materials produced Estimated equivalent in heating value ! 
(billion Btu) Coal 
-———————————————— E — uiv- 
Coke Surplus Light alent 
Year breeze gas Tar oil (thou- 
(thou- (billion (thou- (thou- Coke Surplus Tar Light Total sand 
sand cubic san san breeze gas oil short 
short feet) gallons) gallons) tons) 
tons) 
1966 4,102 680 801,867 262,640 80,240 346,300 120,280 34,143 580,968 22,174 
19677 4,025 606 780,334 252,138 80, 500 333,300 117,050 32,778 563,628 21,513 
1968__________ 4,074 575 760,812 238,887 81,480 316,250 114,114 31,055 542,899 20,721 
1969.........- 4,401 595 768,766 258,910 88,020 327,250 115,315 33,658 564,243 21,536 
197090 „—-02 4,665 585 760, 926 244,107 293,300 321,750 114,139 31,734 560,923 21, 346 


1 Breeze 10,000 Btu per pound; gas, 550 Btu per cubic foot; tar, 150, 000 Btu per gallon; and light oil, 130,000 
Btu per gallon. 
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Table 35.—Average value of coal-chemical materials used or sold and of coke and breeze 
per short ton of coal carbonized in the United States 


1966 1967 1968 1969 1970 

Ammonia produet ss 70.280 70.254 50.194 70.178  $0.151 producte. ---------------------------- 90.280 — 8.4 — 30.194 $0,478 0165 

Light oil and its derivatives AS) 441 427 435 .405 

Surplus gas used or sold 1.522 1.512 1.483 1.502 1.561 
Tar and its derivatives (including naphthalene): 

s burned by producers 111. . 828 .818 .%11 .817 .398 

Sold AA 8 .677 675 72 685 623 

CT ese cue cnc ÓN 3.288 8.200 3.142 3.112 3.138 

Coke produced 12.167 12.152 12.246 712.560 2 19.208 

Breeze produced................ 2 Lc Lll. Lll. .292 318 314 888 481 

Grand te asus coles casio 15.747 15.670 15.102 16.060 22.827 


1 Includes pitch-of-tar. 
2 Average value of coke used or sold, 


Table 36.—Percentage of coal costs recovered from the recovery of coal-chemical 
materials in the United Statea 


1966 1967 1968 1969 1910 
Product: , | 
Ammonia produe ts 2 11 1.9 1.8 1.3 
Light oil and its derivatives . 4. 4 4.3 4.4 4.8 
urp used or sold — ooo 15.6 15.1 15.1 14.4 12.8 
Tar and its derivatives used or sold oe 
naphthalene).......... 5 eee | 10.8 11.4 10.4 10.5 9.0 
6... 8 33.7 83.4 31.7 81.1 27. 
Value of coal per short T. $9.78 $16.02 $10.01 $10.42 $12.21 


Table 37.—Production and disposal of coke-oven gas in the United States in 1970, 
by States 


(Million cubic feet) 


Produced Surplus used or sold 
. Value 
Thousand Used in —M<>+>=z AA 
State cubic heat ing Average Wasted 
Total feet ovens Quantity Thousands per 
per ton thousand 

coal cubic 

feet 
VCI —"—— 82,433 9.53 389,096 38,033 36,488 30.1068 5,364 
California, Colorado, Utab.......... 59,854 11.70 18,216 41,341 7,512 . 182 297 
Maryland, New Jersey, New York... 123,986 10.75 42,606 78,022 27,084 . 941 3,258 
ie A oe tee 36,470 9.95 13,882 20,165 9,249 . 504 2,423 
, 138,840 10.53 53,170 88,812 18,332 .219 1,387 

Kentucky, Missouri, Tennessee, 

ge TT n te a uY 27,305 9.43 12,882 12,018 1,801 150 2. 405 
Mic j| EEN , 250 9.82 12,246 34,919 9,704 278 3,085 
Minnesota and Wisconsin. ........- 1,392 8.14 5,872 5,488 1,012 .186 82 
OhlO ss versus ae aa pc 128,210 10.10 51,003 78,875 21,799 295 2,238 
Pennsylvania... ...............-.- 280,522 10.72 114,855 159,668 46,375 228 6,000 
West Virginia 54,027 10.85 16,403 237,342 9,024 .242 282 
Total 1970 ii: 992,790 10.44 380,171 584, Got: 148. 381 254 27,985 
At merchant plants 72,275 8.81 36,852 5, 758 .209 8,319 
At furnace plants 920,515 10.60 343,819 557. 080. à: 629 .256 19,617 


Tota) 1989 — 962,048 10.48 347,940 594,746 at, — .282 19,862 
1 Data may not add to totals shown because of independent rounding. | 
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Table 38.—Surplus coke-oven gas used by producers in the United States 
and sold in 1970, by States 
(Million cubic feet) 
Used by producers 


Under boilers, etc. In steel or allied plants 
State o Value Value 
Quantity Average Quantity Average 
Thousands per Thousands per 
thousand thousand 
cubic feet cubic feet 


Hr 4,986 777 .156 13,119 8,167 . 623 
Indiana. ..... uc. ccelo more 12,422 8,742 .301 68,108 13,295 .195 
Kentucky, Missouri, Tennessee, Texas. . 6,051 789 .130 (1) 1) (1) 
Michigan (1) (1) (1) (1) 1 (1) 
Minnesota and Wisconsin 8,344 657 .196 (1) (2 (1) 
/ ³ð 12,473 6,421 514 54,863 14,012 255 
Pennsylvania 20, 339 4,299 211 83, 178 21,425 .258 
West Virginia (1) (1) (1) (1) (1) (1) 
Undistributed 31,545 6,222 . 197 84,463 20,448 .242 
Total 1970 o ooo ---- 111,979 26,367 .235 390,686 104,480 .267 
At merchant plants 12,521 1,871 .149 708 159 228 
At furnace plants 99,459 24,496 .246 889,978 104.321 .268 
Total 19689999 104,861 22,272 .212 891,591 95,902 .245 
Sold 
Distributed through city mains For industrial use 
Value Value 
Quantity Average Quantity Average 
Thousands per Thousands per 
thousand thousand 
cubic feet cubic feet 
PIS DAME -——————— Á— HÁ—ÜÓnÁon lE 739 $100 $0.136 
California; Colorado; Utah ciuotocicssa esco. mme ↄ d Du 
Maryland, New Jersey, New York...... (1) (1) (1) (1) (1) " 
AA EA er é -A E (1) (1) ) 
/öõͤ§;èÜ5.ᷓĩ ũ VW (1) (1) (i 
Kentucky, Missouri, Tennessee, Texas.. -22.2222 n0202- ----a0-- (1) (1) (1) 
I ee Se, x ac usss (1) (1) (1) 
ID AA NO (1) (1) (1) 
Ohio papacy cue Tf 8 6,539 1,367 .209 
Pennsylvania. .....................-- (1) (1) (1) (1) (1) 6 
West Virginia_______ "I (1) (1) (2 
Undistributed 2. 22.2. ---- 10,996 $4,056 $.369 63,746 12,011 .188 
Total 1970 2 10,996 4,056 .969 71,028 13,478 . 190 
At merchant plants 5,536 2,060 .972 8,840 1,669 . 189 
At furnace plants 5,460 1,996 .966 62,183 11,809 WEI 
Total 19699. 13,818 4,589 . 832 84,476 15,220 .180 


1 Included with undistributed to avoid disclosing individual company confidential data. 
2 Data may not add to totals shown because of independent rounding. 


Table 39.—Coke-oven gas and other gases used in heating coke ovens 


in the United States in 1970, by States 1 
(Million cubic feet) 


Blast- Total 
State Coke-oven furnace Natural coke-oven 
gas gas gas gas 

equivalent 
PU! das. a ra ia 39,086 ........-- F 39,036 
California, Colorado, Utah........................- 18,216 ........-- 43 18,259 
Maryland, New Jersey, New Vork 42,606 9,196 884 52,185 
AA A A LE Ed 13,882 4,943 .......... 18,825 
E o norant us . s A 53,170 __... . . . 22,898 76,068 
Kentucky, Missouri, Tennessee, Texas A A exea ` 12,881 
Mett uuu. erue lO aes 12,246 11,848 .......... 24,094 
Minnesota and Wisconsin 5,872 EEN 38 5,910 
OHIO == sacas oe 51,003 3,475 0 54,478 
Pennsylvania... ¿is et EE 114,855 12509 2 6 126, 947 
West Virginia... ... eee 16,403 6,019 .......... 22,422 
aa, 8 380,171 47,573 23,363 451,104 
At merchant plants 386,352 ..........- 38 36,390 
At furnace plant 343,819 47,573 23,325 414,717 
sss 8 347, 940 100, 571 1,997 450,509 


1 Adjusted to an equivalent of 550 Btu per cubic foot. 


2 Data may not add to totals shown because of independent rounding. 
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Table 40.—Coke-oven ammonia produced in the United States and sold in 1970, 


State 


Alabama . 
California, Colorado, Utah............- 
Maryland, New Jersey, New Vork 


Kentucky, Tennessee, Texas 
Minnesot˖a ee 


Pennsvkanig ooooooocoooocooo- 
West Virginia 


Undistributed_....__________._....--. eocenocooo 


Total 1970 6. 
At merchant plant nnn 
At furnace olanta inis 
Total 19oen .-.--- 


Alabama „„ 


innesota._.. on ose oe ee cess 


Pennsylvania... ...............-....- 
West Virginia. 
Undistributed ................-...-.-- 


Total 1970 oo. 
At merchant planttXnàen.n 
At furnace plants 
Total 1969999999 


by States 
(Thousand short tons and thousand dollars) 
Produced 
Active Pounds As 
plants ! Sulfate per ton As liquor 
equivalent of coal sulfate 2 (NH; 
coked content) 
7 78 16.88 1 
3 78 28.55 49 (8) 
8 107 20.79 102 (3) 
4 28 15.89 22 
5 108 14. 18 100 (8) 
4 17 13.39 9 (3) 
(4) (4) G 
11 96 15.69 87 (3) 
9 148 11.85 148- 8 
3 41 16.50 Al! AS 
u ` ge t 15 
51 691 15.77 * 636 15 
32 15.02 16 4 
45 659 15.81 620 10 
55 132 16.68 676 15 
Sold On hand Dec. 81 
As sulfate 2 As liquor FI 
(NH content) As (NH, 
sulfate ? content) 
Quantity Value Quantity Value 
83 $1 886. x... ĩðù sheen ues d. A 
49 , 366 (3) (3) 10 6 
87 1,274 (3) (3) 40 7) 
25 643° 622.255 brasa 1338388 
109 2,477 (3) (3) 20 (3) 
10 117 (3) (3) 1 (3) 
(4) D t erección . 
91 1. 464 (3) (3) 15 (3) 
151 JJ APA 58 
43 56 99§ ⁰ ias . 
FF 16 3818 2 
8647 12,416 16 813 163 2 
19 252 6 260 1 2 
628 12, 164 10 553 162 1 
636 14, 306 15 902 177 2 


1 Number of plants that recovered ammonia. 


2 Includes diammonium phosphate. 


3 Included with Undistributed' to avoid disclosing individual company confidential data. 


4 Included with Indiana to avoid disclosing individual company confidential 


5 Data may not add to totals shown because of independent rounding. 
6 Comprises 595,000 tons of ammonium sulfate and 42,000 tons of diammonium phosphate. 


7 Less than 1⁄4 unit. 


data. 


s Comprises 611,000 tons of ammonium sulfate valued at $9,438,000 and 36,000 tons of diammonium phos- 


phate valued at $2,979,000. 
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Table 41.—Coke-oven tar produced in the United States, used by producers, 
and sold in 1970, by States 


(Thousand gallons) _ TEMP 
Produced | Used by producers 
State Gallons For | 
Total per ton reñning Às Other- 
of con or fuel wise 
| coked topping ` ` 
Alabama. .............--.-.- 3 3 60, 530 6.99 (1) Q ( 
California, Colorado, Uta 49,617 9.69 € O " 
Maryland, New Jersey, New York................ 90,888 7.88 ( 1) 1 
Illinois................ EE A 8 25,284 6.89 O (1) (1) 
Indisa o.c ea eo io a ia 89,555 6.85 (1 8 (1) 
Kentucky, Missouri, Tennessee, Texas 18,270 6.31 (1 (1 (1) 
Michigan... nn 535 34,983 6.88 € tn (1) 
Minnesota and Wisconsin , 907 5,92 (1 M (1) 
Ohio rete ic ͤ ĩðVdçu E ö 109,517 8.82 (1 457 (1) 
ths rg terse ates turum gee r LE EE 233,513 8.92 117,685 36,078 (1) 
West Virginia 42, 8.51 (QQ) ` (2) (1) 
Undistributed „%% ˙ CUP A A AA A 163,207 28,432 1,601 
Total 1970 ii ira silos 760,926 8.00 280,892 107,967 1,601 
At merchant plant 45,892 5.58 698 AS 
At furnace plants 715, 534 8.23 280,199 107,967 1,601 
RER 768,766 8.33 282,785 98,065 671 
Sold for refining into tar products | | 
Value On hand 
Quantity — — Dec. 31 
Average 
Thousands per gallon ` — 
Alabama prom 36,329 $3,761 $0.104 2,595 
California, Colorado, Utah...................-... 82,868 3,852 .117 8,231 
Connecticut, Maryland, New Jersey, New York. ...- 19,154 1,914 . 100 4,559 
THOS X x 25, 491 2,193 086 1,302 
¡e l.i ami cec AS 33,452 ,027 090 8,233 
Kentucky, Missouri, Tennessee, Texas 18,271 087 7 
Mie JJ A ee 8 27,011 2,469 091 3,544 
Minnesota and Wisconsin ,087 1,001 141 
ORIG eke eee cc am ³⁰¹ - - eet Uu LA dE 64,650 5,555 08 6,108 
5 23 0:8 82, 592 3,371 101 19,428 
West Virginia 24,307 2,078 08 : 
Undistributed_._.......-.-+-------------------- - A A aired tbe 
Total 1970 . .... 2... ...--.--.- 3 371,208 weer . 097 47,174 
At merchant plant 2. 45,142 4,094 .091 1,112 
At furnace plant 326, 062 31, 710 097 46, 063 
T LE 877,229 86,551 .097 50,270 
1 Included with “Undistributed” to avoid disclosing individual company data. 
2 Data may not add to totals shown because of independent rounding. 
Table 42.—Coke-oven crude light-oil produced in the United States and derived 
products produced and sold in 1970, by Státes 
(Thousand gallons) F 
Crude light oil erived products 
State Active Gallons Refined On Sold 3 


plants! Pro- per ton on hand Pro- K 
duced of coal prem- ^na duced Quan- Value 


AE 


7 18,173 2,10 17,525 1,057 13,763 12,254 $2,574 
California, Colorado, Utah... 3 18,516 3.62 11,6 243 8,948 7,007 1,404 
Maryland, New Jersey, New York. ` 5 32,418 2.81 16,272 1,402 14,291 15,267 8,413 
Illinois, Indiana, Miehigàn. ` 10 45,070 2.34 2,225 1,413 2,044 1,764 445 
Kentucky, Missouri, Tennessee, 

Texas, West Virgin a 20, 467 2.60 2,399 955 2,406 2,336 350 
o; A A 11 32,470 2.59 30,276 1,142 17,346 17,019 3,188 
Pennsylvania... ..... 22... 2. .- 11 76,993 2.04 71,689 2,814 64,637 64,296 13,691 

Total 104703... .... ......- 55 244,101 2.68 182,016 9,027 123,433 119,942 25,065 
At merchant plants 9 12,277 1.99 888 927 3,812 3, 800 772 
At furnace pianta CCC 46 231, 880 2.18 l ,955 8,100 119,622 116,142 24,292 
Total 196999. 56 258,910 2.87 „788 8,588 186,282 132,058 30,225 


1 Number of plants that reeovered crude light oil. | m | 

* Includes small quantity of material also reported in sales of pude Wight oil in table 33. 
3 Excludes 98,060,000 gallons of crude light ofl valued at $11,8 3,400 sold as such. 

4 Data may not add to totais shown because of independent rounding. 
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Table 43.—Yield of light-oil derivatives from refining crude light oil at oven-coke plants 
in the United States 


(Percent) 
Benzene Toluene Xylene Solvent Other 
Year (all (all (all naphtha light-ril 
grades) grades) grades) (erude and products 
refined) 
A E C uir 63. 1 3.4 1.8 8.5 
OG sl ³Ü— ͤ 58.9 12.6 3.6 2.4 5.4 
KEE 63.9 13.6 3.8 2.6 4.6 
EE 67.0 13.1 8.5 2.9 4.4 
e AA ee Sasu uu m ne 63.0 12.1 3.2 8.3 5.2 


Table 44.—Benzene and toluene produced 
at oven-coke plants in the United States, 
by grades 
(Thousand gallons) 


Benzene 
— Toluene 
Year Specifi- (all 
cation Other grades) 
grades industrial 
(1°, 2°,90 grades 
percent) 

1969 L ius 110,223 3,709 22,791 
1967 AA 86,683 3,959 19,358 
1968..........-- 88,449 4,136 19,645 
¡E 97,508 4,192 19,603 


1910... Se 89,517 3,975 17,401 


Table 45.—Light-oil derivatives produced at oven-coke plants in the United States 
and sold in 1970, by States 


(Thousand gallons and thousand dollars) 


Benzene (all grades) Toluene (all grades) 
Yield Yield 
State from Sold from Sold 
Pro- crude ` an Pro- crude —— FC 
duced light oil Quan- Value duced lightoil Quan- Value 
refined tity refined tity 
(percent) (percent) 
Alabama 10, 216 58.3 8,849 31,995 2,339 14.2 2,087 $372 
Colorado, Illinois, Uta 7,820 57.8 6,914 1,477 1,698 12.5 947 185 
Indiana, Maryland, New York..... 13,519 81.8 14,285 3,230 534 3.2 697 133 
ORIG A EE 13,063 64.4 12,854 2,458 2,918 14.4 2,881 511 
Pennsylvania 47,243 65.9 47,630 10,369 9,299 13.0 9,970 1,847 
"Tennessee and Texas 1,632 69.9 1,584 264 254 10.9 283 43 
Total 1910000 iaa 93,492 63.0 92,117 19,793 17,041 12.1 16,765 3,093 
At merchant plants 2,687 54.0 2,676 578 623 12.6 598 117 
At furnace plants 90,805 63.4 89,441 19,215 16,418 12.1 16,167 2,975 
Total 19699999. 101,695 67.0 100,842 21,961 19,608 13.1 18,718 5,084 
Xylene (all grades) Solvent naphtha (crude and refined) 
Yield Yield 
from Sold from Sold 
Pro- crude — Ts Pro- crude — —ʃ —ʃ 
duced light oil Quan- Value duced light oil Quan- Value 
refined tity refined tity 
(percent) (percent) 
AlabbaeaaKemm 539 3.3 685 $139 231 2.5 236 $24 
Colorado, Illinois, Utah........... 346 2.6 310 64 241 1.8 136 32 
Indiana, Maryland, New Vork 85 0.5 132 28 (2) (2) (2) (2) 
/// ˙²˙—A—A — e 733 8.6 704 137 633 3.4 631 81 
Pennsylvania. ..................- 2,734 8.8 2,871 560 2,166 3.9 2,158 387 
Tennessee and Texas. 64 2.7 17 2.7 28 12 
Total 1970 Il 4, 501 3.2 4,752 944 3,707 3.3 3,288 536 
At merchant plante 162 3.3 9 0.7 22 
At furnace plante 4,339 3.2 4,575 905 3,681 3.4 3,266 531 
Total 196999999 5,245 3.5 5,381 1,109 3,567 2.9 3,589 r 577 
r Revised 


1 Data may not add to totals shown because of independent rounding. I 
2 Included with Tennessee and Texas to avoid disclosing individual company confidential data. 
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Columbium and Tantalum 


By Joseph A. Sutton * 


Demand for columbium and tantalum in 
steelmaking decreased in 1970. Consump- 
tion of ferrocolumbium, ferrotantalum-co- 
lumbium, and other columbium and 
tantalum materials for this purpose totaled 
2.6 million pounds, compared with 3.3 mil- 
lion pounds in 1969. Industry inventories 
of columbium and tantalum raw materials 
increased along with an increase in im- 
ports for consumption. Tantalum contin- 
ued to be used by the electronics industry; 
its primary end-use was in capacitors. Ap- 
proximately 1 million pounds of combined 
pentoxides (Cb205+Ta205) were released 
to the industry from Government stocks on 
sealed bid sales. A promising new stecl 
was being evaluated by the steel industry, 
and if results should prove favorable, future 
demand for columbium could be greatly 
increased. 


Legislation and Government Programs. 
—During 1970 the Office of Mineral Explo- 
ration (OME), U.S. Geological Survey con- 
tinued to offer financial assistance of 50 
percent (columbium) and 75 percent (tan- 
talum) for the exploration and develop- 
ment of approved columbium and tan- 
talum resources, The General Services 
Administration (GSA) continued its col- 
umbite disposal program during 1970. It 
sold to industry 1,004,215 pounds of com- 
bined pentoxides containing 616,698 
pounds of columbium (Cb) and 99,744 
pounds of tantalum (Ta) from the De- 
fense Production Act (DPA) inventory in 
March, May, June, July, September, and 
October at prices ranging from $1.125 to 


1Physical scientist, Division of Ferrous Metals. 


Table 1.—Salient columbium statistics 


(Thousand pounds) 


1970 


1966 1967 1968 1969 
United States: 
Mine production of columbite-tantalite concentrates. ...... W W W 
Releases from Government stocks (Cb content) 12 1,659 TI9 1,191 1,573 617 
Consumption of concentrate: Columbium metal contained in 
all raw materials consumed (Cb content) 11 3,873 4,519 3,997 2,918 3,289 
Production of primary products: 
Columbium metal (Cb content)... o W W W W W 
Ferrocolumbium and ferrotantalum-columbium (Cb + 
it 8 3,664 1,960 2,380 2,554 1,430 
Consumption of primary products: 
Columbium metal (Cb content)... . eee 100 111 92 179 261 
Ferrocolumbium and ferrotantalum-columbium (Cb + 
¿e A d ͤ eee 2,697 3,192 3,094 3,328 2,591 
Exports: 
Columbium ore and concentrate (gross weight) NA NA NA NA NA 
Columbium metal, compounds, and alloys (gross weight) 7 6 7 41 46 
Imports for consumption: 
Columbium mineral concentrate (gross weight) ........ 9,278 7,431 3,657 4,161 5,719 
Columbium metal and columbium-bearing alloys (Cb 
Sonett eee eee 4 (3) 1 5 2 
Ferrocolumbium (gross weight) 2. 1,280 629 1,171 NA NA 
World: Production of columbium-tantalum concentrates (gross 
i ³ ð KK v ake 23,031 20,551 23,857 34,557 43,898 


e Estimate. NA Not available. 


W ‘Withheld to avoid disclosing individual confidential data. 


1 Includes columbium content in raw materials from which columbium is not recovered. 
2 Includes material released as payment-in-kind for upgrading. 


3 Less than 2% unit. 
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Table 2.—Salient tantalum statistics 


(Thousand pounds) 
1966 1967 1968 1969 1970 
United States: 
Mine production of columbium-tantalum concentrates. -_ - - - w W W W W 
Releases from Government stocks (Ta content) ! 2:2 634 307 163 171 100 
Consumption of concentrate: Tantalum metal contained in 
all raw materials consumed (Ta content) 11... 1,392 1,730 1,060 928 1,733 
Production of primary products: | 
Tantalum metal (Ta content)....................... 1,064 1,021 692 1,046 916 
Ferrocolumbium and ferrotantalum-columbium (Cb + 
Ta content)... c. cu 88 3,664 1,960  À 2,380. 2,554 1,430 
Consumption of primary products: Tantalum metal (Ta 
ee, lle dan sa 493 443 423 751 417 
Ferrocolumbium and ferrotantalum-columbium (Cb + 
itt rada se 2,697 3,192 3,094 3,328 2,591 
Exports: 
Tantalum ore and concentrate (gross weight)... 163 75 65 85 122 
Tantalum metal, compounds, and alloys (gross weight) - 35 59 106 124 640 
Tantalum and tantalum alloy powder (Ta content).... 51 51 84 100 139 
Imports for consumption: 
Tantalum mineral concentrates (gross weight)......... 2,1483 1,675 1,230 975 1,046 
Tantalum metal and tantalum-bearing alloys (Ta 
;ͤ mo ee eae ee 48 55 18 11 51 
World: Production of columbium-tantalum concentrates (gross 
weiht) A ³ðͤA (kp x Sm ie ms 23,031 20,551 23,857 34,557 43,898 


W Withheld to avoid disclosing individual company confidential data. 
1 Includes tantalum content in raw materials from which tantalum is not recovered. 
2 Includes material released as payment-in-kind for upgrading. 


Table 3.—Columbium and tantalum materials in Government inventories 
as of Dec. 31, 1970 


(Thousand pounds, columbium and tantalum content) 


National Defense Supple- 
Material Objective (strategic) Production mental Total 
stockpile Act (DPA) stockpile 
inventory 
COLUMBIUM 
Concentrates. ocio oe Eed 7,445 1,683 358 9,486 
Carbide powder: Stockpile grade 20 J E A e. 21 
Ferrocolumbium: 
Stockpile grade 930 IJ ⁰ AA 192 
Nonstockpile grade d... [Hi CERE 738 
Metal: Stockpile grade. 45 d uo uru hu 8 45 
Oxide powder: Stockpile................ .......... BO os cei cu. mcns e ss 86 
TANTALUM 
Tantalum minerals: Stockpile grade...... 2,947 3,151 762 6 3,919 
Carbide powder: Stockpile grade 27 29: AAA 8 29 
Metal: Stockpile grade 360 20]. ue ³˙·A x eee ee 201 
$1.39 per pound of the mixed oxides. The The companies that purchased colum- 
total value of these sales amounted to bium and tantalum concentrate from GSA 
$1,242,480. during 1970 are listed below. 
Pounds of Approximate Approximate 
Company combined columbium tantalum 
pentoxides content content 
(Cb205 + Ta:0:) (pounds of Cb) (pounds of Ta) 
Kawecki Berylco Industries, Inne 95,263 51,682 10,437 
Kennametal, Inc... .................-- l2... 2.22 l.l... 205,148 134,668 10,223 
Norton Company --------------------------------- 47,426 28,562 5,276 
Metada Metals and Chemicals Ltd. 52,995 36,197 990 
Philipp Brothers Division of Engelhard Minerals and 
Chemicals Cord 102,685 63,691 9,443 
South American Minerals and Merchandising Corp. 
(SAMINCORPD ᷣꝶ)ů7 jh 293,619 174,645 35,843 
Socomet Inn ss o 76,109 47,531 6,647 
Stainless Processing Coo 11,565 7,915 197 


Teledyne Wah Chang Albany...................... 119.405 65,807 20,688 
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DOMESTIC PRODUCTION 


Domestic mining activity was insignifi- 
cant during the year. One company re- 
ported shipment of small quantities of co- 
lumbium-tantalum specimen crystals. 

Production of columbium metal powder 
increased 79 percent in 1970, but data con- 
tinued to be withheld to avoid disclosing 
individual company confidentia] data. Pro- 
duction of columbium metal ingot in- 
creased during the year, but again specific 
information was withheld. Production of 
tantalum metal powder (including capaci- 
tor-grade powder) decreased 12 percent to 
458 tons in 1970; production of tantalum 
metal ingot increased 57 percent to 210 
tons. 

Ferrocolumbium, ferrotantalum-colum- 
bium, and /or columbium-base master al- 


loys were produced by the thermite process 
by the Kawecki Division of Kawecki Ber- 
ylco Industries, Inc. (formerly Kawecki 
Chemical Co.), Reading Alloys Co., Inc., 
and Shieldalloy Corp. Molybdenum Corpo- 
ration of America (Molycorp.) Union Car- 
bide Corp., and the Metallurgical Products 
Division of Foote Mineral Co. produced 
these ferroalloys in electric furnaces. 

Kawecki Berylco Industries installed a 
versatile 60-inch, four-high reversing mill in 
its Reading, Pa., plant. The new mill rolls 
tantalum into sheets 4-14 feet wide. One of 
the striking technical feature of the new 
mill was that it operates as either a hot 
mill for beryllium or a cold mill for tan- 
talum and other special metals. 


Table 4.—Major domestic columbium and tantalum processing and producing companies 


in 1970 
Colum- Tanta- Tanta- Ferro- 
Company Location bium lum lum colum- 
carbide bium 
Fansteel Ine“. Muskogee, Okla.......... X N sala am 
General Electrie Co Euclid, Ohio >, GE 
Kawecki Division, Kawecki Berylco Indus- 
ines Ine. 2 A Aca Boyertown, Pa X X X x 
Kennametal, Inc ` Latrobe, Pa.............- X X „ 
Mallinckrodt Chemical Works St. Louis, Moo X „„ 
Mining and Metals Division, Union Carbide Niagara Falls, N. W ) x x X 
10 2: AA A EEN Marietta, Ohio ^ ee à 
Molybdenum Corporation of America Washington, Pa.......... o. Meee oto A 
Metals Division, Norton Co. ............. Newton, Mass X „ 
Reading Alloys Co., Inc Robesonia, fra. > GER A 
Shieldalloy Corp... Newfield, N. JJ. X X X X 
Metallurgical Products Division, Foote Vancoram, Ohio X 
Mineral Co |... LLL... Exton; A MI ES 
Wah Chang Albany (A Teledyne Company). Albany, Oreg X X P NM 


CONSUMPTION AND USES 


Columbium consumption in the form of 
high-purity metal totaled 260,532 pounds, 
an increase of 45 percent over the total for 
1969. Tantalum metal (including capaci- 
tor-grade powder) .consumed during the 
year decreased 45 percent and totaled 
416,620 pounds. 

Use of columbium in ferroalloy addi- 
tions to steel continued to account for ap- 
proximately 90 percent of the metal con- 
sumed. Total consumption of columbium 
plus tantalum in ferroalloys decreased to 
2.6 million pounds compared with the 
1969 consumption figures of 3.3 million 
pounds. Domestic consumption of ferroco- 
lumbium (FeCb) during the year, by 
major use categories, was as follows: Alloy 
steel other than stainless and heat-resisting 


alloys (32 percent), superalloys (18 per- 
cent), carbon steels (27 percent), and 
stainless and heat-resisting steels (20 per- 
cent). 

Consumption of  ferrotantalum-colum- 
bium (FeTa-Cb) continued to be small 
and amounted to about 3 percent of the 
total FeCb plus FeTa-Cb consumption, 
compared with approximately 1 percent in 
1969. 'The major uses of ferrotantalum-co- 
lumbium in 1970 were in the production of 
stainless and heat-resisting steel (67 per- 
cent), carbon steels (15 percent), and un- 
specified (15 percent). Additional data on 
ferrocolumbium and ferrotantalum-colum- 
bium are contained in the "Ferroalloy" 
chapter. 
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Table 5.—Reported shipments of columbium and tantalum materials 
(Pounds of metal content) 


Material 


Columbium products: ; 


Compounds, including allovg 
Metal, including worked products 
Aff, ae R 


Tantalum products: 


Oxides and elen 


Powder and anode s 
Ingot (unworked consolidated metal) 
a ¡o EE 


Total VE 


General Technologics Corp., a subsidiary 
of Cities Service Co., acquired exclusive li- 
cense for Union Carbide Corp.'s patented 
electrodeposition process for the refractory 
metal tantalum. The process was available 
under the trade name “Matalating.” 

The Nuclear Metals Division of Whit- 
taker Corporation developed a multifila- 
ment superconducting wire that will qual- 
ify for such commercial applications as 
electric power generation and distribution. 
The new wire consists of many continuous 
filaments of columbium-tin distributed in 
a copper matrix. 

The Advanced Structures Division of 
Fansteel Inc. announced development of 
chemical vapor deposited tantalum ther- 
mowells with an integral hexagon-shaped 
flange for use in the chemical process in- 
dustries. The thin layer of pure tantalum 
metal is deposited by the chemical vapor 
and forms an impenetrable surface on steel 
thermowells that resist physical damage or 


Percent 

1969 1970 change 
FF 1,651,750 1,098,600 —33.5 
EE 109,898 203 , 600 +85.3 
8 4,700 15,600 +231.9 
te 1,766,348 1,317,800 —25.4 
EE 57,400 90,200 +57.1 
5 13,700 28,200 +105.8 
EE 174,300 145,600 —16.5 
3 474, 742 498,700 +5.0 
5 21, 600 54, 400 +151.9 
ME 206,035 213,300 +3.5 
535 37, 000 78, 600 +112.4 
o DM ME 9,200 ......... 
555 984.777 1,118,200 +13.5 


gas infiltration. The advantage of chemical 
vapor depositing of metal as opposed to 
electroplating was the ability of the vapor 
process to evenly coat variable geometric 
surfaces. 


Table 6.—Consumption of ferrocolumbium, 
ferrotantalum-columbium, and other 
columbium and tantalum materials in the 
United States by end use, 1970 


Pounds of 
End use contained 
columbium 
plus tantalum 
Steel 
Carbon 705, 621 
Stainless and heat-resistin g 522,007 
Alloy (excludes stainless and heat- 
resisting). -- 829,416 
Superallovg -` ------------------ 472,321 
Alloys (excludes alloy steels and super- 
7 ³⁰ eh s aa Z a sce 36,370 
Miscellaneous and unspecified Ii. 24,793 
Tota lece Lise uiud ta 2,590,528 


1 Includes tool steel. 


STOCKS 


The following yearend columbium and 
tantalum materials (given in pounds) 
were reported in inventories: 


Material Dec. 31, Dec. 31, 
1969 1970 
COLUMBIUM 
Primary metal.............. 46,451 71,200 
D/A 40, 845 34,581 
e Lutes cee DELL 122,132 70,390 
E K 88 712,959 1,076,671 
Other compounds 20,753 58,352 
TANTALUM 
Primary metal 92,233 244,622 
Capacitor-grade powder 123,595 157,702 
Ingot ccu / ĩ aaa 89,067 114,279 
Serap.. .. A 260,935 206,776 
G /ô§ôé—uk ] . 117,963 168,895 
Potassium tantalum fluoride 
(K: Ta F.) 188,779 251,591 
Other compounds 48,346 41,857 


Stocks of columbium and tantalum raw 
materials, as reported by consumers and 
dealers at yearend 1970, were as follows 
(in short tons—1969 figures in par- 
entheses) ` Columbite, 714 (432); Tantal- 
ite, 1,461 (2,147); pyrochlore, 767 (392) ; 
tin slag, 31,055 (30,397); and other, 172 
(226) . 

Consumer inventories of ferrocolumbium 
and ferrotantalum-columbium as of De- 
cember 31, 1970, were as follows (with 
1969 yearend stocks in parentheses) : Ferro- 
columbium, 820,458 pounds contained co- 
lumbium plus tantalum (849,189) ; and fer- 
rotantalum-columbium, 17,108 pounds 
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contained columbium plus tantalum 
(15,736). Producer stocks of ferrocolum- 
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bium at yearend 1970 were 852,000 pounds 
contained Cb (658,000) . 


PRICES 


Prices for columbite ores, as reported by 
Metals Week, decreased during the year. 
Columbite ore, c.i.f. U.S. ports decreased 
from $1.12-$1.17 per pound of contained 
pentoxides for material having a Cb205 to 
Ta205 ratio of 10 to 1 at the beginning of 
1970 to $1-$1.05 per pound at yearend. 
Long-term contracts were negotiated and 
no quotations were published. During the 
year, the quoted price of Brazilian pyro- 
chlore concentrate, f.o.b. shipping point, in- 
creased from $0.955 to $1.15 per pound of 
Cb205. The price of Canadian pyrochlore 
concentrate, f.o.b. mine or mill, increased 
from $1-$1.05 per pound to $1.15-$1.20. 
The price for tantalite ore and concen- 
trate, 60-percent basis, remained constant 
during the year at $6.75-$7.50 per pound 
Ta20», c.i.f. U.S. ports. 

The price quotations of various grades 
of ferrocolumbium per pound of colum- 
bium content, ton lots, f.o.b. shipping 


points, at the beginning of the year were 
as follows: Low alloy, standard grades, 
$2.65 to $3.52; high-purity grades, $4.28 to 
$5.53. Quotation at yearend increased to 
$2.85-$4.12 for the low-alloy grades and to 
$4.79-$6.76 for the high-purity grades. 

Early in January the price of tantalum 
metal was quoted at $26-$36 per pounds 
for powder, $36-$60 per pound for sheet, 
and $36-$50 per pound for rod. From mid- 
January to yearend the prices were then 
quoted at $28.50-$38.50 for powder, $36-$60 
for sheet, and 536-550 for rod. 

Throughout the year the price of colum- 
bium metal remained unchanged. Colum- 
bium powder roundels, 99.5 to 99.8 percent 
purity, was quoted $11 to $22 per pound 
for metallurgical-grade material. Colum- 
bium ingots were quoted at $16 to $27 per 
pound for metallurgical-grade material, and 
at $17.50 to $28 per pound for reactor- 
grade material. 


Table 7.—Average grade of concentrate received by U.S. consumers and dealers in 1970 
by country of origin 
(Percent of contained pentoxides) 


Country 


l ee y eee - 


Congo Kinn 2.0 0590 v Ue b o uk se 


ö AA 


Mozambique 


T ·Ü¹¹biſ ·ͤA a k 0K 60d: 


Norway eege 


1 Excludes tin slag. 


Columbite Tantalite 
Cb:205 Ta:205 Ratio Ta:205 Cb:205 
52 12 1 CN 
EE cias 42 26 
ENEE 45 25 
60 3 200:1 17 2 
dia a. In 33 42 
52 .099 53:1 33 26 
ta: aa 35 34 
62 16 3.9:1 40 44 
a es Meu date 63 18 
65 7 93:1 16 20 
GE Reeg 10 51 
EE 35 39 
64 15 4.3:1 31 43 
71 liada 37 38 


2 Material reported from Brazil or Canada as columbite represents primarily pyrochlore. 


FOREIGN TRADE 


Most of the columbium and tantalum 
exports were shipped to Western Europe, 
Japan, and Italy. The largest item by vol- 
ume, unwrought tantalum and tantalum al- 
loys in crude form and scrap, were ex- 
ported primarily to West Germany (65 
percent), Italy (17 percent), the United 
Kingdom (9 percent), and Japan (6 per- 


cent). Tantalum and tantalum alloy pow- 
der, the largest value item, was exported 
primarily to West Germany (30 percent), 
the United Kingdom (27 percent), Japan 
(21 percent), France (10 percent), and the 
Netherlands (5 percent). Wrought tan- 
talum and tantalum alloys, which was the 
smallest tantalum item by volume, were 
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Table 8.—U.S. exports of columbium and tantalum, by classes 
(Thousand pounds, gross weight, and thousand dollars) 


1969 1970 
Class 
Quantity Value Quantity Value 

Columbium and columbium alloys, unwrought, and waste and 

i!! x 5 $94 38 $158 
Columbium and columbium alloys, wrought. ................ 6 507 8 409 
Tantalum ores and concentrate s 85 357 122 422 
Tantalum and tantalum alloys, wroughtt 29 1,891 31 1,461 
Tantalum metals and alloys in crude form and sera 9 609 2,001 
Tantalum and tantalum alloy powder......................- 100 2,952 139 4,367 


exported primarily to Belgium-Luxem- 


bourg (39 percent), Japan (16 percent), 


France (14 percent), West Germany (7 
percent), and the United Kingdom (7 per- 
cent). Tantalum ore and concentrate, be- 
lieved not to be of domestic origin, was 
shipped to West Germany (46 percent), 
Japan (30 percent), the United Kingdom 
(14 percent) , and Austria (10 percent) . 
Imports for consumption of unwrought 
columbium metal, waste, and scrap, in- 
creased by a factor of almost 24 and to- 
taled 1,553 pounds valued at $7,135. This 
material was imported primarily from 
Japan (52 percent), the Netherlands (32 
percent), and West Germany (16 percent) . 
Imports of unwrought columbium metal 
alloys were reported to total only 217 
pounds, columbium content, primarily from 
the United Kingdom, and were valued at 
$12,477. This represented a_ significant 
change from the 5,119 pounds valued at 
$7,823 reported in 1969. A small quantity 
of wrought columbium, totaling 7 pounds 
and valued at $1,011, was received from the 


United Kingdom. Imports for consumption 
of unwrought tantalum metal, including 
waste and scrap, increased by a factor of 
4.7 during the year and totaled 51,386 
pounds valued at $479,685. This material 
was imported primarily from the United 
Kingdom (66 percent), Mexico (22 per- 
cent), and the Netherlands (5 percent). 
Imports of unwrought tantalum alloy, all 
from West Germany, decreased by a factor 
of 2.8 and totaled 20 pounds valued at 
$700. Imports of wrought tantalum, all 
from Japan, increased by a factor of 5.5 and 
totaled 22 pounds valued at $818 in 1970 


Table 9.—Receipts of tin slags reported 
by consumers 


(Thousand pounds) 


Year Gross Cb:205 Tab 
weight content content 
1961... Sec cee 28,913 2,902 1,572 
196888 8,709 541 510 
1969 AAA 8,327 649 453 
1970 secs 10,275 713 573 


Table 10.—U.S. imports for consumption of columbium-mineral concentrates, by countries 
(Thousand pounds and thousand dollars) 


1968 1969 1970 
Country 
Quantity Value Quantity Value Quantity Value 
A ĩÜ7O».i. ⁰⁰⁰ h 33 $94 22 $42 19 $47 
Argentinaaui a 2 F derer 8 14 
Belgium- Luxembourg ii 4 72 3 68 
Brazil... . celui 2, 163 1. 348 2, 462 1,440 3,312 2,430 
Burundi-Rwanda. ` 12 48 62 21 88 
Canada . . Oe ea 295 157 920 473 1,271 669 
Congo (Kinshasa)... . . 201 542 90 182 43 282 
ee, ß A ZEE aaa. EP 
Germany, West- uec ð]ðſ yd MEL y y 7 23 
40; MNT." MEM ß . 
Malaveia o. 133 122 59 49 104 103 
Mozambioue ----------------- 18 34 4 7 10 19 
Netherlands 1__ 222 2 2-2. ---.- 13 19 69 48 rr 8 
Nie; o ML e e ete 737 431 423 267 682 478 
Portugal -`--O 16 SPS; 8 32 75 
Rhodesia, Southern 3 3 D WEE 
A EE 19 21 
ES EE 9 26 20 A A 
A V0 8 7 6 3 2 4 8 
United Kingdom- EE 50 75 
Total cde Lc usos 3,657 2, 848 4,161 2,681 5,719 4,345 


1 Presumably country of transshipment rather than original source. 
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Table 11.—U.S. imports for consumption of tantalum-mineral concentrates, by countries 
(Thousand pounds and thousand dollars) 


1968 1969 1970 

Country A _ÁA A - _ F a —n  qA@ a -———əƏ—. 

Quantity Value Quantity Value Quantity Value 
Argentina_______. es ela . . . .. ... eee 7 23% 8 2 $10 
Austral cocos au Icone m 71 247 75 $170 13 31 
Belgium-Luxembourg !................. 15 42 30 97 17 42 
Brazil AA A AS 342 1,472 253 767 178 624 
Burundi-Rwanda............ OWNER 62 144 31 47 31 58 
Cameroon ] ßkßuõ ͥ yd; eee a mue o a 12 
ine A A A AN 220 1,195 477 1,724 
Congo (Kinshasa). . .. . 242 845 179 394 222 521 
PUG IE ĩ AE E. ATREA AA E E 
French Guiana cui ð2// ds ` d dis: Ladies 2 6 
Germany, Week 22 e stos - unable 
J·; crx A 5 8 
N §³«⅛˙?¹n. y mr 5 !! 
Malaysia ³·- y d da rato ie 15 10 S o A A 
Mozambique kn 306 869 77 300 «dicas wicca 
Netherlands 4 )( TTT. ds 
N ³ðV;ß. ͤ y 20 77 8 23 4 10 
F/ 8 24 CJ»; acdsee 10 22 
Rhodesia, Southern 17 E a a dns, aie CO 
South Africa, Republic of............... 14 25 19 JF ( 
; ,, ⁰²ͤ³ e 14 30 27 40 52 105 
EPI... sS Ubos ue 9 2222 8 
III! ³˙Ü.wwr yy y A 22 ö;—a 8 
ee, e iso cal LE 12 Al, ENEE 
United Kingdom. ⁵ð a ad (RE. 22 45 
Western t-. as aaa, taa 7 13 
Tota AAA usay a oe 1,230 4,164 975 3,196 1,046 3,231 


1 Presumably country of transshipment rather than country of origin. 


Table 12.—U.S. import duties 


Tariff Rate of duty per pound ! 
classification Article — . 
number Effective Jan. 1, 1970 Effective Jan. 1, 1971 
601.21 Columbium concentrate Free LoL. Free. 
601.42 Tantalum concentrate W iS del Do. 
607.80 Ferrocolumbium and ferro- 
tantalum-columbium. .......... 7 percent ad valorem. ..... 6 percent ad valorem. 
Columbium: Š 
628.15 Unwrought, waste, scrap. .... ....do..................- o. 
628.20 Wrought. t... 12.5 percent ad valorem____ 10.5 percent ad valorem. 
628.17 Unwrought Cb alloys. ....... 10 percent ad valorem. .... 9 percent ad valorem. 
Tantalum: 
629.05 Unwrought, waste, scrap. .... 7 percent ad valorem...... 6 percent ad valorem. 
629.10 Wende 12.5 percent ad valorem.... 10.5 percent ad valorem. 
629.07 Unwrought Ta alloys. ....... 10 percent ad valorem. .... 9 percent ad valorem. 
423.00 Columbium and tantalum 
chemicals 7 percent ad valorem 6 percent ad valorem. 


1 Not applicable to Communist countries. 


WORLD REVIEW 


Australia.—The Tantalum Mining Cor- num Corporation of America, continued to 
poration of Canada Ltd. (TMCC) ac- be the world's largest producer of colum- 
quired a 70-percent interest in the Gold- bium. 
rim Mining tantalum prospects in Western Mining by CBMM continues to be a 
Australia where a zone of mineralization simple process of removing by bulldozer a 
1,000 to 2,000 feet long has been outlined thin soil cover over the widespread deposit 
on the Wodgina deposit.2 of 3.5 percent Cb205 ore. The ore is then 

Brazil.—During 1970 Brazil maintained pushed to a stockpile where front-end 
its standing as the major world producer  loaders load the ore on trucks that haul it 
of columbium minerals. Companhia Brasi- a short distance to the mill. 
leira de Metalürgia e Minerácao (CBMM), VVV 
which is 33 percent owned by Molybde- talum. Min. Ann. Rev. June 1970, p: d 
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The CBMM ferroalloy plant adjoining 
the mine uses four refractory-lined open- 
ended pots placed on sand to produce fer- 
rocolumbium and the columbium content 
of the ferrocolumbium varies from 40 to 
65 percent depending upon customer re- 
quirements. 

Canada.—St. Lawrence Columbium and 
Metals Corp. produced pyrochlore concen- 
trates from its underground mining opera- 
tions and mill facilities near Oka, Quebec, 
and continued to be Canada' sole colum- 
bium producer. The combined mining and 
milling operation in fiscal 1970 (ended 
Sept. 30, 1970) resulted in milling 724,345 
tons of ore that yielded 4,886,957 pounds 
of columbium pentoxide, an increase of 
60 percent over the 3,059,000 pounds pro- 
duced in fiscal 1969. 

Studies conducted at the Quebec Depart- 
ment of Mines and the Lakefield Research 
Laboratories in Toronto indicate that a 
salable pyrochlore concentrate can be 
produced from an ore deposit located in 
the Lake St. John area about 150 miles 
from Quebec City. Copperfields Mining 
Corp. Ltd. reported that ample reserves 
exist in the deposit for supporting a min- 
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ing operation in which the company can 
earn a working interest of 50 percent by 
the expenditure of $1,400,000. 

It was reported that a production deci- 
sion for the James Bay columbium deposit 
may be expected some time in 1971. At 
the present time, Imperial Oil Enterprises 
has a 60-percent interest in the project, 
and Consolidated Morrison Explorations 
Ltd. holds 25.9 percent. 

Lawsuits and counterlawsuits between 
the co-owners, Goldfield Corporation of New 
York and Chemalloy Minerals Ltd. of To- 
ronto, resulted in receivership of the only 
commercial tantalum mine in North Amer- 
ica and almost led to the closing of the 
mine. Chemalloy Minerals Ltd. of Toronto 
recently purchased the Goldfield Corpora- 
tion’s 60 percent share of the Manitoba- 
based producing company, Tantalum Min- 
ing Corporation of Canada Ltd., in which 
it already held 40 percent. 

Congo (Kinshasa).—The Belgian Com- 
pany, Compagnie Géologique et Miniére 
des Ingénieurs ct Industriels Belges 
(GÉOMINES) was reorganized at the re- 
quest of the Congolese Government. A new 
firm, Congo-Etain, was formed; it is 50 


Table 13.—Colun-bium and tantalum: Mineral concentrates production, by countries 1 > 
(Pounds, gross weight) 


1968 1969 1970 » 
Country 3 ee 
Columbium Tantalum Columbium Tantalum Columbium Tantalum 
Argentina... .-.-------------- r 4,012,408 3,560,461 NA 
Australian : 231,134 e 95,000 NA 
Brazil: 
Columbite-tantalite . 138,428 598, 828 152,119 448,023 NA NA 
Pyrochlor e 11,020,895 ........ 19,098,623 ........ 29,288,377 
Canada: 
Pyrochlore e 2 2 2-2-2- r 4,363,000 ........ 6,829,000 .......- 9,838,000 ......... 
iI... 8 6880 8 594, 300 
Congo (Kinshasa) zz 249, 122 183, 322,512 
Ivory Coat 1,393 465 NA 
Malagasy Republic 2,980 EE 
Malaysia 114, 199 e 132,000 NA 
Mozambique: 
Columbite-tantalite A 135,906 p 141,000 e 77, 400 
m | RR 199,375  ..........- 182,000 .........- e 64,800 
Nigeria 2,527,817 25,133 3,340,065 13,351 3,564,221 9,744 
Portugal______________________ 26,455 e 20,900 6,614 
Wanda 61,729 48,502 NA 
South Africa, Republic oZ 88888 8,818 .......... 614 
Thailand- 2- 22222222222222 88,1 57,820 125,663 
Uganda 19, 842 
rr xop r 23,856,517 34,557,142 43,898,245 
e Estimate. p Preliminary. r Revised. NA Not available. 


1 Excludes columbium and tantalum-bearing tin slag. 

2 When the content of neither Cb:Os nor Ta: Os predominates, or when insufficient identification is available, 
the set uda figure is given in the center column under each year. 

olumbium and tantalum mineral concentrates are also produced in Spain, South-West Africa, Southern 

Rhodesia and the U.S.S.R., but quantitative data are not available. 

1 Exports. 

5 In addition, some columbite-tantalite may occur as a component of tin-concentrates produced but no data 
are available on columbite-tantalite content. 

6 Total is of listed figures in all three columns under each year. 


COLUMBIUM AND TANTALUM 


percent owned by the Congolese Govern- 
ment and 50 percent by GÉOMINES. 
Under the terms of the reorganization, 
GEOMINES provides management, person- 
nel recruitment and marketing services to 
the new firm. 

Mozambique.—In 1969 Mozambique’s 
production of tantalite and microlite was 
reported to be 71 and 91 tons, respectively. 
The main pegmatite deposits, which have 
been the source of Mozambique’s tantalum 
ores (columbo-tantalite) , occur in the Alto 
Ligonha region. 

Nigeria.—Columbium continued to be 
recovered almost exclusively as a coproduct 
of tin mining. The major columbite-pro- 
ducing companies in Nigeria during 1969 
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were Bisichi Tin Co. Ltd. Jantor Ltd., 
and Tin and Associated Minerals Ltd. 
These companies produced 68 percent of 
the 3.3 million pounds of columbite pro- 
duced in 1969. Nigerian columbite ac- 
counted for about 12 percent of the 
world's columbite production in 1970. 

Rhodesia, Southern.—Kamativi Tin Mines 
Ltd., a Rhodesian organization in which 
the Dutch company, N.V. Billiton Maat- 
schappij, holds controlling interest has been 
an important tin producer since the early 
1950's. The company also recovers colum- 
bite-tantalite from  pegmatites. Reported 
ore ratios average approximately 30 percent 
Cb205 to 70 percent Ta205. 


TECHNOLOGY 


Studies of columbium refactory metal al- 
loys were continued by the Bureau of 
Mines. The effects of hafnium, tungsten, 
and boron on the formability, strength, 
and oxidation resistance of columbium 
were studied.3 Elements influencing the 
strength and oxidation of columbium were 
determined to be hafnium and tungsten. 
Boron additions cause the alloys to oxi- 
dize more readily and do not significantly 
improve the strength or formability of the 
columbium alloys. 

A new alloy steel called Armco 1-F steel 
was developed by the Armco Steel Corp.“ 
The columbium used in the new steel ties 
up the carbon and nitrogen in the intersti- 
tial lattice positions of the ferrite matrix, 
thereby eliminating aging caused by nitro- 
gen in cold-worked sheet steel and pre- 
venting discontinuous deformation due to 
the carbon content. Armco 1-F steel was 
available in limited quantities for evalua- 
tion studies. 

A new trade organization, Refractory 
and Reactive Metals Association (RRMA), 
was formed. The organization represents 
companies manufacturing refractory and 
reactive metals and products by powder 
metallurgy processing techniques.5 The as- 
sociation will be concerned with the pro- 
motion of industry products, research and 
education, collecting and disseminating 
economic, marketing, and technical infor- 
mation, and dealing with Government 
agencies. 


Kawecki Berylco Industries, Inc., devel- 
oped a new tantalum powder for capacitor 
applications.6 The new Type R powder 
can be produced in unlimited quantities. 


A survey of the thermophysical and me- 
chanical properties of the T-111 (tan- 
talum-8 tungsten-2 hafnium) alloy was 
made.? Owing to the excellent welding 
characteristics of the alloy and its resist- 
ance to alkali-metal corrosion up to 
2300° F, it was concluded that the alloy 
was a prime candidate for advanced space 
power applications. 


A new thermomechanical process was de- 
veloped by Battelle-Northwest that greatly 
improves the tensile strength and the 
creep-rupture properties of stainless steels 
and nickel-base alloys at high tem- 
peratures.8 Yield strengths with good 
ductility up to 65,000 psi at 1292° F, 25,000 


3 Babitzke, H. R., L. L. Oden, and H. J. 
Kelly. Columbium Alloy Development With 
Boron, Hafnium, and Tungsten. BuMines Rept. 
of Inv. 7388, 1970, 30 pp. 

Q! Materials Engineering. More Formable Draw- 
ing-Quality Carbon Steel. V. 72, No. 7, December 
1970, p. 20. 

5 American Metal Market. New Trade Asso- 
ciation Formed for Refractory, Reactive Metals. V. 
77, No. 234, Dec. 9, 1970, p. 1. 

6 Metals Week, Elsewhere In the News. V. 42, 
No. 13, Mar. 29, 1971, p. 8. 

* Moorhead, Paul E., and Phillip L. Stone. 
Survey of Properties of I-III (Tantalum-8 
Tungsten-2 Hafnium). Lewis Research Center, 
National Aeronautics and Space Administration, 
Cleveland, Ohio, June 1970, pp. 1-24. 

8 American Metal Market. Columbium Boosts 
Strength of Nickel Base Alloys. V. 77, No. 52, 
Mar. 8, 1970, p. 21. 
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psi at 1800% F and 14,000 psi at 2000° F may 
be obtained with columbium-stabilized aus- 
tenitic stainless steels. Creep rates of less 
than 0.0002 percent per hour at 40,000 psi 
and 1200? F may be achieved and rupture- 


lives of more than 1,000 hours may be ob- 
tained. This is equal to a 35-fold increase 
over that of AISI-347 stainless steel and a 
10-fold increase over Hastelloy-X under 
the same list conditions. 


Copper 


By Harold J. Schroeder * and John W. Cole * 


World mine production of copper 
achieved a record high for the third con- 
secutive year. Expansion programs and new 
developments were in evidence in many 
countries. 

The domestic copper industry experi- 
enced a record high production, reduced 
consumption, an increase in copper stocks, 
and a significant increase in exports of 
copper in concentrates. Considerable ex- 
pansion of world copper productive capac- 
ity, coupled with reduced demand in the 
United States elsewhere during the ‘year, 
resulted in a dramatic reversal in copper 
markets, from one of short supply to one 
of surplus supply. This reversal was re- 
flected in a price increase in April fol- 
lowed by price reductions in October and 
December. The improved supply situation 
led to removal in September of export 
controls imposed in 1965. 

Legislation and Government Programs. 
—The national stockpile on December 31, 
1970, contained 60,112 tons of oxygen-free, 
high-conductivity (OFHC) copper, 7,067 
tons of copper in beryllium-copper master 
alloy, and 193,288 tons of copper in 
“other” classifications, for a total of 260,467 
tons, 34 percent of the objective of 775,000 
tons. 

The U.S. Office of Minerals Exploration 
(OME) continued to offer up to 50-per- 
cent Government participation in the au- 
thorized cost of exploration for copper de- 
posits. "There were no contracts executed 
in 1970 that involved copper. 

On January 9, the President directed the 
Cabinet Committee on Economic Policy to 
make a study of market conditions and 
pricing procedures in the U.S. copper in- 
dustry, and to make recommendations 
about any needed action by the Govern- 
ment. A subcommittee, composed of repre- 
sentatives from several Government cabinet 
departments and offices, and chaired by 
Hendrik S. Houthakker, a member of the 


Council of Economic Advisors, was formed 
to implement the assignment. 

The study was undertaken because of an 
apparent malfunctioning of the copper 
market as evidenced by a sharp price rise, 
existence of a dual pricing system, and the 
failure of supply to keep pace with de- 
mand. The subcommittee proceeded in its 
investigation by obtaining background re- 
ports from a number of government agen- 
cies and by informal interviews with pro- 
ducers, fabricators, and merchants. ` 

Findings and conclusions `of the 
subcommittee were released in a report 
dated May 18, 1970. From a study of the 
supply-demand-price relationships, a num- 
ber of factors were identified as obstacles 
to the expansion of domestic primary pro- 
duction capacity. These included a decline 
in ore grade without compensating ad- 
vances in technology, ecological constraints, 
price uncertainties, and an absence of a 
clearly defined national minerals policy. 
No recommendations were made, but alter- 
natives were listed with an objective to in- 
crease future supplies and to reduce inequi- 
ties and economic inefficiencies of the 
two-price system. 

The listed alternatives were as follows: 
(1) Accept continuance of the two-price 
system as long as the market imbalance 
persists, but improve the equity of alloca- 
tion, (2) maintain essentially the present 
system, but make substantial supplies of 
producer copper available to the open 
market, (3) permit reverse-toll refining of 
copper-bearing ores, concentrates, and 
scrap; that is, nonrestricted exports of cop- 
per raw materials to be refined abroad and 
returned to the United States, (4) initiate 
a new domestic copper expansion program, 
(5) promote exploration, extraction, and 
processing by providing appropriate incen- 
tives. 


1 Physical scientist, Division of Nonferrous Met- 


als. 
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Short-supply export controls imposed in 
1965 were in effect at the start of 1970. 
The annual export quota on refined cop- 
per from domestic sources was 50,000 tons 
and on scrap 60,000 tons of contained cop- 
per. However, in response to an improved 
supply situation, these controls were re- 
moved in September 1970. 

Set-asides of refined copper for defense 
purposes were 14 percent at the start of 
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the year, reduced to 13 percent in August, 
and eliminated, effective January 1, 1971. 

The excise tax on imported copper was 
reduced to 1.1 cents per pound, effective 
January 1. This reduction was in accord 
with the Kennedy Round Trade Expansion 
Act of 1962, designed to progressively re- 
duce the rate to 0.8 cent by 1972. Duties 
have been suspended by public laws from 
1966 to June 30, 1972. 


Table 1.—Salient copper statistics 


1968 


1966 1967 1969 1970 
United States: | 
Ore produced. ...... thousand short tons 186,966 127,066 170,054 223,752 257,729 
Average yield of copper, percent 0.67 0.63 0.60 0.60 0.59 
Primary (new) copper produced— 
m domestic ores, as reported by— 
Mines short tons 1,429,152 954,064 1,204,621 1,544,579 1,719,657 
Value thousands $1,088,850 3729, 401 $1,008,195 31, 468, 400 $1,984,484 
Smel ters short tons.. 1,429,863 841,343 1,234,724 1,547,496 1,605,265 
Percent of world total.. r25 r 15 r 20 r 28 23 
Refineries. ......... short tons.. 1,353,087 846,551 1,160,925 1,468,889 1,521,183 
From foreign ores, matte, etc., as re- 
ported by refineries. . short tons 357,897 286,481 276,461 273,926 243,911 
Total new refined, domestic and 
oreign...........- short tons.. 1,710,984 1,132,982 1,437,886 1,742,815 1,765,094 
Secondary copper recovered from old 
Ë scrap) onle short tons 534, 860 482, 659 520, 772 574, 890 504, 071 
xports: 
once copper do 819,314 221,066 313,741 241,254 273,577 
OS 8 do- 273,071 159,858 240,745 200,269 221,211 
ine general: 
Unmanufactured. ........... do- 594, 704 649, 227 709, 975 413, 860 392, 480 
fned ð v eos oes do 164, 828 330, 571 400, 278 131,171 132,143 
Stocks Dec. 31: Producers: 
A do.... 43,000 27,000 48,000 39,000 130,000 
Blister and materials in solution | 
short tons 270,000 220,000 272,000 291,000 340,000 
A m do. 813,000 247,000 320,000 330,000 470,000 
Withdragels (apparent) from total supply 
on domestic account: 
Primary copper short tons.. 1,594,000 1,320,000 1,576,000 1,683,000 1,585,000 
Primary and old copper (old scrap 
WW) AA short tons 


Price: Weighted average, cents per pound. 
World: 


2,128,000 
36.6 


1,803,000 2,097,000 2,258,000 2,089,000 
38.6 42.2 47.9 58.2 


Production: 
Mine short tons.. rb, 485, 341 7 5,224,361 5,640,921 6,212,998 6,566,643 
Senn! do. 5, 708, 899 r 5,582,801 6,050,822 6,621,556 6,863,947 
Price: London, average cents per pound 69.04 51.19 56.13 66.24 62.96 


r Revised. 


DOMESTIC PRODUCTION 


PRIMARY COPPER 


Mine Production.—Domestic mine pro- 
duction was 1.72 million tons, an increase 
of 11 percent and a record high quantity 
for the second consecutive year. Arizona 
was the leading State, with 53 percent of 
the total, followed by Utah, New Mexico, 
Montana, Nevada, and Michigan, in 


ranked order. These six States accounted 
for 97 percent of the total production. 

Open pit mines accounted for 84 per- 
cent of mine output, and underground 
mines accounted for 16 percent. The pro- 
duction of copper from dump and in-place 
leaching, largely recovered by precipitation 
with iron, was 172,000 tons, or 10 percent 
of mine output. Total copper recovered by 


COPPER 


leaching methods was 245,000 tons, of 
which 210,000 tons was precipitated with 
iron; 35,000 tons was electrowon. 

The Duval Sierrita mine in Arizona, op- 
erated by Duval Corp., a subsidiary of 
Pennzoil United Corp., was dedicated in 
June and achieved the scheduled produc- 
tion rate of 65,000 tons of ore per day in 
October. Development of this mine was 
partly financed by loans from the Govern- 
ment under a copper production expansion 
program that will be repaid by deliveries 
of refined copper to the national stockpile. 
Duval also operated the Esperanza open 
pit copper-molybdenum mine adjacent to 
Sierrita, another copper-molybdenum mine 
at Mineral Park, Ariz., and a copper-gold- 
silver property at Battle Mountain, Nev. 

Operations of The Anaconda Company 
at Butte, Mont., produced 118,300 tons of 
copper, compared with 104,600 tons in 
1969. The precipitation plant was ex- 
panded, doubling capacity for production 
of precipitate copper. Anaconda’s new 
Twin Buttes mine at Sahuarita, Ariz., com- 
pleted its first full year of operation and 
produced 81,300 tons of copper. Production 
at the Yerington mine at Weed Heights, 
Nev., declined 17 percent to 42,400 tons, 
from a record high output in 1969. 

Kennecott Copper Corp., operated mines 
in Arizona, Nevada, New Mexico, and 
Utah that: produced a combined total of 
518,900 tons of copper, a record high out- 
put for the second consecutive year. The 
Utah Copper Division accounted for 
298,700 tons of the total and achieved a 
record 112,200 tons of ore per day through 
the mine-mill operation. 

American Smelting and Refining Com- 
pany (Asarco) operated three copper mines 
in the vicinity of Tucson, Ariz. The Mission 
unit mined and milled an average of 22,500 
tons of ore per day to produce 47,700 tons 
of copper in concentrates in 1970. The Sil- 
ver Bell Unit mined and milled nearly 3.8 
million tons of ore, which yielded 19,700 
tons of copper in concentrates. Copper pre- 
cipitates, containing 2,800 tons of copper, 
were also produced at the Silver Bell Unit 
and 64,000 tons of copper-bearing, siliceous 
flux ore was mined at the San Xavier 
mine. As a result of further drilling at the 
Sacaton project near Casa Grande, Ariz., 
Ore reserves increased to 48 million tons 
assaying 0.95 percent copper. 
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Mines of the Phelps Dodge Corp., at 
Morenci, Ajo, and Bisbee, Ariz., and Ty- 
rone, N. Mex., produced 315,500 tons of 
copper, 10 percent above 1969, and a rec- 
ord. high for the second consecutive year. 
The increased output reflects the first full 
year of production at the new “Tyrone 
mine. In December the company an- 
nounced deferment of the development 
program at its Metcalf property near Mor- 
enci, Ariz., and production was rescheduled 
to begin in late 1974, or early 1975. Mean- 
while, to offset the production loss antici- 
pated in 1972 because of exhaustion of 
Bisbee reserves, the capacity of the Tyrone 
mine will be increased from about 55,000 
to 90,000 tons of copper per year. 

Cities Service Co., through its North 
American Chemicals and Metals Group, 
operated copper mines in Arizona and 
Tennessee that produced 49,200 tons of 
copper, compared with 43,600 tons in 1969. 
An expansion program to increase output 
by approximately 40 percent is scheduled 
for completion in 1972 at the Copperhill, 
Tenn., mining and chemical complex. Feasi- 
bility studies were in progress for mining 
two large copper deposits in the Miami, 
Ariz., area. 

Adverse ground conditions and a decline 
in ore grade reduced output of copper by 
13 percent, to 67,800 tons, at the White 
Pine, Mich., operations of White Pine 
Copper Co. The problems causing the re- 
duced output have been overcome, and the 
existing facilities are considered to have an 
annual productive capacity of 87,500 tons. 

The San Manuel and Superior Divisions 
of Magma Copper. Co. produced 112,300 
tons of copper. An expansion program is 
in progress to increase mine output from 
40,000 to 60,000 tons of ore per day at San 
Manuel, Ariz., and to approximately dou- 
ble mine capacity to 3,300 tons at the Su- 
perior operation. 

The Inspiration Consolidated Copper 
Co. operated the Thornton, Live Oak, Red 
Hill, and Black Copper mines in the In- 
Spiration area Arizona; 14 million tons of 
waste and 9.4 million tons of ore were 
mined. The ore processed in the plant 
yielded 44,459 tons of copper. An addi- 
tional 10,091 tons was recovered from 
leaching dumps and mined-out areas and 
by heap leaching at the Black Copper 
mine. At the Ox Hide mine, 797,000 tons 
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of waste was removed, 3.8 million tons of 
oxide ore was mined, and 6,720 tons of 
copper was recovered by leaching. At the 
Christmas open pit mine, southeast of 
Miami, Ariz., 9.4 million tons of waste and 
1.8 million tons of ore was mined; 8,640 
tons Of copper was recovered. Total pro- 
duction of copper by the company was 
69,910 tons, 6 percent more than in 1969. 
Exploration work was suspended at the 
Sanchez project near Safford, Ariz., pending 
formulation of plans for mining and treat- 
ing the ore. The basic ore reserve indicated 
by drilling is 39 million tons, containing 
0.413 percent copper. | 

Pima Mining Co. produced 63,500 tons 
of copper in concentrates from its copper- 
molybdenum mine south of Tucson, Ariz. 
Construction was underway to increase 
milling capacity from 40,000 to 53,000 tons 
per day by late 1971, or approximately 
80,000 tons of copper in concentrates per 
year. 

Bagdad Copper Corp. produced 11,000 
tons of copper in concentrates and 6,200 
tons in precipitates from its Arizona cop- 
per mine. Reserves are estimated to be 43 
million tons averaging 0.69 percent total 
copper, with a stripping ratio of about 1 
to 1. Part of the waste stripping contains a 
significant copper content suitable for 
dump leach operations. The company is 
evaluating the feasibility of mining an ad- 
jacent ore deposit that contains at least 
228 million tons of 0.47 percent copper. 

Ranchers Exploration and Development 
Corp. moved about 1.6 million tons of ov- 
erburden and 2.3 million tons of ore at its 
Arizona Bluebird property. The ore was 
placed on dumps for processing by a 
leaching, solvent extraction, electrowinning, 
method of recovery. Production of refined 
copper cathodes by this method was 5,300 
tons in 1970. The company opened the Big 
Mike copper property near Winnemucca, 
Nev. in January and during the year, 
mined about half of the approximately 
95,000 tons of 9 percent copper reserve as 
a direct smelting ore. The deposit also 
contains an estimated 675,000 tons of a 
lower grade sulfide ore. Further production 
has been deferred pending feasibility stud- 
ies and additional exploration of the area 
in a joint venture with Cerro Corp. 

Hecla Mining Co. continued driving two 
declines toward a planned slope length of 
7,500 feet in developing its Arizona Lake- 
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shore Copper mine. Metallurgical process 
and engineering studies to mine the de- 
posit were also conducted. 


Smelter Production.—Output of copper 
from all raw material sources, at primary 
smelters in the United States was 1.72 mil- 
lion tons, an increase of 4 percent and a 
record high quantity. 

Conformance to new air quality regula- 
tions caused Asarco to curtail operations at 
its Arizona, Texas, and Washington smelt- 
ers and to declare a condition of force ma- 
jeure, and shippers of copper concentrates 
were placed on a quota system beginning 
June 1. Installation of electróstatic precipi- 
tators and other facilities for reduction of 
in-plant fume conditions at the El Paso, 
Tex., smelter was nearing completion. The 
Tacoma, Wash., plant was shut down for a 
7-week period during the first quarter as a 
result of a flue collapse. 

The Anaconda Company smelter at Ana- 
conda, Mont., was undergoing extensive 
renovation to improve operations and envi- 
ronmental conditions. 

The San Manuel, Ariz., smelter of 
Magma Copper Co. was being expanded in 
anticipation of greater company mine pro- 
duction and closure of the Superior, Ariz., 
smelter scheduled for late 1971. 

Refinery Production.—Production of re- 
fined copper from all materials processed 
at primary refineries was 2.22 million tons, 
an increase of 3 percent and a record high 
for the second consecutive year. Refined 
copper produced at secondary plants was 
58,000 tons, compared with 78,000 tons in 
1969. The total production of refined cop- 
per produced from scrap in the United 
States was 509,000 tons, equal to 23 per- 
cent of total refined copper production. 

The Tacoma, Wash., refinery of Asarco 
completed the second phase of a two-stage 
expansion, providing an additional 50,000 
tons per year of electrolytic copper refining 
capacity, raising total capacity to 156,000 
tons per year. Magma Copper Co. was con- 
structing a copper refinery at San Manuel, 
Ariz., which had a rated annual capacity of 
200,000 tons, for scheduled operation in 
late 1971. 

Copper Sulfate.—Copper sulfate was pro- 
duced from primary and/or secondary 
metal by companies with plants located as 
follows: 


COPPER 


Company Plant location 
The Anaconda Company....... Great Falls, Mont. 
Chevron Chemical ! D cec ccs Richmond, Calif. 
Cities Service Coo Copperhill, Tenn. 
Poppe Pigments & Chemical 
ga ac A Tub Sewaren, N.J. 
Eastern Rare Metals, Ine Baltimore, Md. 
Phelps Dodge Refining Corp... Taurei Hill, oo Ya 
aso, 
Sherwin-Williams COo Cleveland, Ohio 
Van Waters & Rogers 
English & Bagby Co. Divi- 
CC) Wallace, Idaho, 
| Midvale, Utah, 
Metaline Falls, 
Wash. 


Copper sulfate production decreased 10 
percent to 45,350 tons (11,300 tons con- 
tained copper). Shipments were 11 percent 
below production, and stocks doubled dur- 
ing the year to 8,800 tons, the largest year- 
end quantity since 1948. Of the total 
40,300 tons shipped, producer’s reports in- 
dicated that 14,400 tons was for agricul- 
tural uses, 23,500 tons was for industrial 
uses, and 2,400 tons was for other uses 
(chiefly exports) . 

Byproduct Sulfuric Acid.—Sulfuric acid 
was produced by five copper smelters from 
the sulfur contained in off-gases, and out- 
put increased for the third consecutive 
year, to a record 748,000 tons, on a 100- 
percent acid basis. Kennecott brought a 
sixth acid plant at its Utah operations on 
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Stream in the fourth quarter 1970. Under 
optimum conditions, this new plant can 
convert 163 tons of sulfur into 500 tons of 
sulfuric acid per day. Sulfuric acid facili- 
ties were being constructed at the Hayden, 
Ariz. smelter of Asarco for scheduled pro- 
duction by fall of 1971. The company also 
announced plans to build a 500-ton-per- 
day sulfuric acid plant at its El Paso 
smelter. 


SECONDARY COPPER AND BRASS 


Domestic recovery of copper in unal- 
loyed and alloyed form from all classes of 
purchased scrap totaled 1.25 million tons 
in 1970, 9 percent less than in 1969. Re- 
covery from copper-base scrap decreased 9 
percent, to 1.23 million tons. Primary cop- 
per producers reported an increase of 9 
percent; however, production by secondary 
smelters and brass mills declined 24 and 13 
percent, respectively. 

Consumption of purchased copper-base 
scrap in 1970, dropped 7 percent to 1.7 
million tons. Primary producers increased 
their usage by 14 percent, to 705,000 tons. 
Conversely, consumption dropped 23 per- 
cent at secondary smelters, 14 percent at 
brass mills, and 17 percent at foundries 
and other plants. 


CONSUMPTION 


Apparent withdrawals of primary refined 
copper on domestic account decreased 6 
percent, to 1.59 million tons. Reported 
consumption of refined copper was 2.04 
million tons, compared with 2.14 million 
tons in 1969. Consumption of refined cop- 


per is based on consumers reports of 
quantities entering processing with no ad- 
justments for changes in stocks. 

As far as can be ascertained, only new 
or primary copper is included in table 27, 
but table 28 includes all refined copper. 


STOCKS 


Stocks of refined copper at primary pro- 
ducing operations increased from 39,000 to 
130,000 tons during the year, the largest 
yearend quantity since 1938. During the 


same period, fabricators’ stocks of copper 
in all forms increased from 502,000 to 
515,000 tons. 


PRICES 


The domestic producer price for refined 
copper was increased from 52 to 56 cents 
per pound, effective January 1, 1970. It was 
further raised to a record high of 60 cents 
per pound on April 1 but reduced to 56 
cents per pound on October 23, and fur- 


ther reduced to 53 cents per pound on De- 
cember 1. The average weighted price of 
copper deliveries in 1970 was 58.2 cents 
per pound, compared with 47.9 cents per 
pound in 1969. 

Prices on the London Metal Exchange 
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(LME) averaged 72.6 cents per pound 
during January, moved upward to 78.5 
cents per pound in March, and then de- 
clined to an average of 46.5 cents per 
pound for December. The 1970 average 
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was 63.0 cents per pound, compared with 
66.2 cents per pound for 1969. In early 
August, the LME copper price fell below 
the domestic producer quotation for the 
first time since February 1964. 


FOREIGN TRADE 


' U.S. exports of copper including manu- 
factures totaled 324,600 tons, an increase of 
31 percent, but 15 percent below the 1968 
quantity. All classes of unmanufactured 
copper increased; however, the advance in 
the ore, concentrates, and matte class was 
the most outstanding. Significant exports 
in this class began in June and totaled 
61,500 tons for the year, compared with 
1,200 tons for 1969. This changed trade 
pattern results from a rapid increase in 
mine production capacity, curtailment of 
production at some domestic smelters 
owing to enforcement of new air pollution 


WORLD 


World mine production of copper at- 
tained 6.6 million tons, a record high for 
the third consecutive year. Most major 
producing countries contributed to the in- 
crease with the exceptions of a small de- 
cline for Chile and a 9 percent drop for 
Zambia, as a result of a serious cave-in at 
the Mufulira mine. Expansion programs 
and developments in many countries pres- 
ages a continuation in the rise of copper 
output. 

The United States continued to lead the 
world in mine production with 26 percent 
of the total, followed by Chile and Zam- 
bia, with 12 percent and Canada and the 
Soviet Union, 10 percent. 

Argentina.—Bids were opened on June 
22, 1970, by an Argentine Government 
agency for concessions on copper prospects 
developed by Plan Cordillerano (a joint 
Government of Argentina-United Nations 
Special Fund project). Out of 54 copper 
prospects developed by Plan Cordillerano, 
bids on only three were received from five 
mining companies. The five firms and 
areas for which they bid are as follows: 


Firm 
Falconbridge N ickel Min Mines, Ltd 


Cia. Minera Aguilar, S.A. (Argentina sub- 41, 45 
sidiary of St. Joe Minerals Corp.). 


Union Corp. Sg aen of QU Routh Africa). — 54 
Vial Hidráulica (Argentina). .............- 54 
Bay Hall Trust (United Ki Kingdom)) 54 


regulations, and delay in construction of 
new smelter facilities pending a resolution 
of uncertainties surrounding new pollution 
standards and the proper technology to 
meet the anticipated requirements. 

U.S. imports of unmanufactured copper 
decreased 5 percent, to 392,500 tons. Most 
of the loss was in the largest category, blis- 
ter copper, which declined 6 percent to 
224,400 tons. The second largest category, 
refined copper, increased slightly, to 
132,100 tons. Chile, Peru, and Canada sup- 
plied 82 percent of total imports, un- 
changed from 1969. 


REVIEW 


Area 54 was awarded to Falconbridge 
Nickel Mines Ltd. but details still are 
being negotiated. One difficulty is that the 
Government agency is apparently unable 
to guarantee the concessionaire more than 
a 4-year lease on the area. 


Australia.—Mine production of copper 
in Australia was 160,551 tons, an increase 
of 11 percent. Mount Isa Mines Ltd., 53- 
percent owned by Asarco increased output 
14 percent to 92,800 tons of copper con- 
tained in products for the fiscal year ended 
June 30, 1970. The company announced a 
substantial increase in reserves to 134.4 
million tons of ore with an average 3 per- 
cent copper content. As a result of this in- 
crease in reserves, Mount Isa has begun an 
expansion program to increase productive 
capacity from about 110,000 to 170,000 tons 
per year. 

Mount Lyell Mining and Railway Co., 
Ltd., closed its copper smelter at Queens- 
town in Tasmania, after 73 years of opera- 
tion. Open pit operations are continuing 
and copper concentrates are being sent to 
other smelters for treatment. Shaft sinking 
and development for underground mining 
was underway, and is scheduled for March 
1972 to facilitate a copper production rate 
of 25,000 tons per year in 1973.. 

Exploration for copper in Australia, in- 
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cluding the Trust Territory of Papua, and 
New Guinea, continued at a high level of 
activity. Companies with large exploration 
efforts included Eastern Copper Mines, 
Carpentaria Exploration Pty., Ltd., (sub- 
sidiary of Mount Isa), Jadodex Australia 
Pty., Ltd (St. Joe Minerals Corp. and 
Phelps Dodge Corp.), Pacific Copper Ex- 
plorations Ltd., and Unimin (Australian 
subsidiary of Union Miniére) . 

Botswana.—Bamangwato Concessions, 
Ltd. (BCL), was working on plans to de- 
velop nickel-copper deposits in the Selebi- 
Pikwe area. BCL is 61-percent owned by 
Botswana Roan Selection Trust Ltd. and 
(BRST) 43.3-percent owned by AMAX. If 
a decision to mine is reached, the Bo- 
tswana Government will receive a 15-per- 
cent interest in BCL, proportionately re- 
ducing the other interests. The envisaged 
production for the first 10 years would be 
at an annual rate of approximately 2 mil- 
lion tons of ore yielding 13,000 tons of re- 
fined nickel, 16,000 tons of refined copper, 
and 100,000 tons of sulfur. Proven and 
probable reserves for the two deposits are 
estimated to total 45.7 million tons, grad- 
ing 1.20 percent nickel and 1.26 percent 
copper. 

Brazil.—Late in the year, Caraiba Me- 
tais, S.A., developing a copper mining 
project in northeast Brazil, sent invitations 
to firms in the United States, Europe, and 
Japan to bid on supplying equipment for 
the mine, mill, and smelter. Caraiba hopes 
to start purchases in April 1971 in order 
to have the operation ready by mid-1973. 
The Caraiba copper project has been ap- 
proved by the Brazilian Government. The 
sponsors of the project estimate that the 
mine will produce 77,000 tons of copper 
per year. The investment is estimated at 
$97.7 million. 

Canada.—Production of copper in Can- 
ada rebounded from the strike-curtailed 
output of 1969, to achieve record highs of 
676,000 tons for mine production and 
543,000 tons for smelter output. Ontario 
produced 43 percent of the total followed 
by Quebec, 26 percent; British Columbia, 
16 percent; Manitoba, 8 percent; and the 
remaining Provinces, 7 percent. 

Hudson Bay Mining and Smelting Co. 
Ltd. milled 1.7 million tons of ore yielding 
42,178 tons of refined copper plus quanti- 
ties of zinc, cadmium, selenium, gold, and 
silver. The company brought the Anderson 
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Lake and the Dickstone Copper mines into 
operation and raised the total number of 
mines operated along the Manitoba-Sas- 
katchewan boundary to eight. In addition, 
the White Lake and the Ghost Lake cop- 
per-zinc-silver mines were under develop- 
ment for planned production in 1972. 
Sherritt-Gordon Mines Ltd. continued 
operating the Lynn Lake mine in Mani- 
toba, and brought the nearby Fox mine 
into production in September. Combined 
output for the year more than doubled to 
15,400 tons of copper contained in concen- 
trates. Reserves at the Lynn Lake property 
were estimated at 12.6 million tons of 0.77 
percent nickel and 0.38 percent copper and 
at the Fox property were 13.1 million tons 
averaging 1.84 percent copper and 2.70 
percent zinc. Exploration and engineering 
studies continued at the Ruttan Lake 
property. Reserves were substantially in- 
creased to 51 million tons grading 1,48 
percent copper and 1.59 percent zinc, 
Mattabi Mines Ltd., 60-percent owned 
by Mattagami Lake Mines and 40-percent 
owned by Abiti Paper Co., was incorpo- 
rated in September to develop a base-met- 
als mine in the Sturgeon Lake district, 
Northwestern Ontario. Planned production 
is at a rate of 3,000 tons of ore per day 
scheduled for startup by mid-1972, The 
operation is a result of exploration by 
Mattagami, which outlined an ore body es- 


- timated to contain 12.9 million tons of ore 


grading 7.6 percent zinc, 0.91 percent cop- 
per, 0.84 percent lead, and 3.13 ounces of 
silver per ton. Intensive exploration by 
Mattagami and other companies continues 
in the Sturgeon Lake area. 

Production of copper concentrates at the 
Granduc mine, north of Stewart, British 
Columbia, began on a limited basis in No- 
vember with a contemplated buildup to 
the rated capacity of 7,500 tons of ore per 
day by late 1971. Start of operations were 
delayed owing to a 2-year period of labor 
disputes that had suspended construction 
of facilities for approximately 10 months. 
Ore reserves were calculated to be 43 mil- 
lion tons averaging 1.73 percent copper. 

Similkameen Mining Co. Ltd., a subsidi- 
ary of Newmont Mining Corp., began con- 
struction of a mining venture near 
Princeton, British Columbia. Facilities, esti- 
mated to cost $73 million, will permit 
open pit mining and milling of two depos- 
its at a rate of 15,000 tons per day. Ore 
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reserves at the two properties are esti- 
mated at 76 million tons averaging 0.53 
percent copper. 

Anaconda Britannia Mines Ltd. pro- 
duced 2,700 tons of copper in concentrates 
from its mine in British Columbia, com- 
pared with 6,600 tons in 1969. The re- 
duced output resulted from utilization of 
part of the labor force on new develop- 
ment completed in 1970, which increased 
the annual productive capacity to 10,000 
tons of copper. The Caribou Division of 
Anaconda constructed facilities for open 
pit mining of a relatively small copper de- 
posit near Bathhurst, New Brunswick, at a 
rate of 1,000 tons of ore per day. 

All major process facilities at the large, 
low-grade copper-molybdenum deposit of 
Brenda Mines Ltd. in British Columbia, 
were Operational in March. Rated capacity 
of 24,000 tons per day was achieved by 
yearend. 

Construction was in progress by Utah 
Construction & Mining Co. for initial pro- 
duction early in 1972, at their Island Cop- 
per Property near Port Hardy, Vancouver 
Island, British (Columbia. Production is 
planned at a rate of 33,000 tons of ore per 
day, or 230,000 tons of copper concentrates 
per year. The concentrates are contracted 
for delivery to Japanese smelters. Reserves 
are estimated at 280 million tons contain- 
ing 0.52 percent copper and 0.025 percent 
molybdenum. 

Exploration by Valley Copper Mines, 
80-percent owned by Consolidated Mining 
and Smelting Co. (Cominco) and 20 per- 
cent by Bethlehem Copper Corp., revealed 
an ore deposit containing approximately 1 
billion tons of 0.48 percent copper. The 
deposit can be. mined at a waste to ore 
ratio of about 1 to 1. A feasibility study 
for a large-scale operation is being made. 
Bethlehem is planning an increase in its 
mill capacity from the present 14,000 tons 
per day to 27,000 tons per day by 1972, to 
treat its portion of the anticipated Valley 
Copper Mine output. 

Final arrangements had been completed 
by midyear for construction of facilities at 
Lornex Mining Corporation Ltd.'s cop- 
per-molybdenum property in the Highland 
Valley of British Columbia. Plans call for 
production to start in 1972 with a rated 
capacity of 38,000 tons of ore per day. 
Start of construction was delayed in the 
first half of 1970 pending resolution of 
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difficulties over sales contracts and loan 
agreements with Japanese firms to conform 
with the recently passed Mineral Process- 
ing Act of British Columbia. 

Chile.—Copper output by the three 
large producers was 589,000 tons, compared 
with 596,000 tons in 1969. Chuquicamata 
produced 290,000 tons compared with 
312,000 tons in 1969; El Teniente produced 
194,000 tons, down from 202,600 tons in 
1969; and El Salvador produced 103,000 
tons, up from 85,000 tons in 1969. The ini- 
tial production from The Anaconda’s new 
Exótica mine in December was 1,900 tons. 
The total Chilean production was 756,000 
tons, down from 771,000 tons in 1969. 

Operations at Chuquicamata were halted 
by a strike of supervisory personnel May 
26 to 30 and by a general strike of workers 
from October 1 to 21. | 

After 314 years of construction, the Río 
Blanco mine of Compañia Mineral Andina, 
S.A., which is 70-percent owned by Cerro 
Corp. and 30-percent owned by the Chilean 
Government began limited production in 
July, and is expected to reach designed 
capacity of 62,500 tons of copper in con- 
centrates in 1971. | 

Anvil Mining Corp., which is 60-percent 
owned by Cyprus Mines Corp. and 40-per- 
cent owned by Dynasty Explorations, Ltd., 
continued its drilling program and plans 
for operation of the Sierra Gorda copper- 
molybdenum property in Antofagasta. Ore 
reserves are estimated at 20 million tons 
of sulfide ore containing 1 percent copper 
and 0.15 percent molybdenum sulfide. 

On November 3, 1970, Dr. Salvador Al- 
lende Gossans was inaugurated President 
of Chile. He introduced legislation in the 
form of a constitutional reform bill to na- 
tionalize basic industries, including the 
large copper mines. 

Congo (Kinshasa).—Générale Congolaise 
des Minerais (GECOMIN), the Govern- 
ment-owned mining company, accounted 
for the total copper mine production of 
425,000 tons, an increase of 8 percent from 
that of 1969. Additions to the Kambove 
concentrator and the completion of the 
Ruwe washing plant in October were part 
of a 5-year expansion program designed to 
increase GECOMINES annual copper-pro- 
ducing capacity to 500,000 tons by 1974. 

The joint Japanese-Congolese concern, 
Société de Developpement Industriel et 
Miniere du Congo (SODIMICO), an- 
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nounced discovery of an estimated 38 mil- 
lion tons of copper ore averaging 5 percent 
copper in the Kinsenda area of Katanga 
Province. Kinsenda is about 20 miles from 
the Mushoshi deposit scheduled to begin 
production in 1972 at an annual rate of 
58,000 tons of copper. 

A consortium of companies, which in- 
cludes Amoco Minerals Co., (subsidiary of 
Standard Oil Co. of Indiana), Charter 
Consolidated Ltd., and Leon Tempelsman 
& Son Inc., has been granted prospecting 
and development rights in two areas of 
Katanga Province. One of the areas is an 
unprospected region of 25,000 square kilo- 
meters. The other area of 1,400 square kil- 
ometers contains the known copper depos- 
its of the Tenke-Fungurume locality. 

Falconbridge Nickel has established an 
office in Kinshasa and has been making a 
study of copper deposits around the Lu- 
fukwe River in southern Pweto Territory, 
Katanga Province. 

Ecuador.—A prospecting team of Over- 
seas Mineral Resources Development of 
Japan started work on a 4-year study of 
the Chaucha copper area about 130 miles 
southeast of Guayaquil to determine the 
commercial viability of exploiting the de- 
posits. 

Guatemala.—Basic Resources Interna- 
tional Ltd., a Canadian company, and 
Sumitomo Metal Mining Co. of Japan 
have agreed to finance the development of 
the former company’s Oxec copper prop- 
erty located 7 miles from Cahabon. The 
property comprises a 30-square-mile con- 
cession, on which one ore body has proven 
(drilled) reserves of 1.33 million tons of 
2.58 percent copper ore. Under the agree- 
ment, Sumitomo will purchase all concen- 
trates produced for a period of 7 years 
and will pay in advance an amount equiv- 
alent to 1 year's capacity production. The 
Export-Import Bank has provided a maxi- 
mum credit of $1,147,080 to Basic Re- 
sources to purchase U.S. equipment and 
services for a mill. 

India.—The privately owned Indian 
Copper Corp., Ltd., India’s only producer of 
copper, was installing new equipment (in- 
cluding a flash smelter) to increase the cur- 
rent 11,000 ton-per-year capacity to 18,000 
tons by 1972. The Khetri project of Hindu- 
stan Copper Ltd., a public concern, in Ra- 
jasthan, is scheduled to be producing at an 
annual rate of 34,000 tons of refined cop- 
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per by 1974. Ore reserves upon which the 
project is based are estimated to be 77 
million tons of 1.0-percent copper in the 
Madhan Kudhan deposit and 34 million 
tons of 2.5-percent copper in the Kolihan 
deposit. 

Indonesia.—Development of the Ertsberg 
copper deposit in Irian Barat, by Freeport 
Sulphur Co., continued on schedule. 

Iran.—A joint venture of Mahmoud 
Rezai, Kerman Mining Co., and Iranian 
Selection Trust, Ltd., owned 60 percent by 
Selection Trust Ltd., of England and 40 
percent by African Selection Trust, Ltd., 
made a feasibility study of exploiting the 
Sar Cheshmeh copper deposit in the Ker- 
man copper belt. Plans, contingent on 
financing, are to produce from the open 
pit mine and mill 30,000 tons of ore per 
day starting in 1974. Proven reserves are 
estimated to be 300 million tons, averaging 
1.2 percent copper. 

Other exploration for capper in the Ker- 
man copper belt was being conducted by 
Charter Consolidated, Ltd., of the United 
Kingdom, Péchiney of France, and Metall- 
gesellschaft A.G. of West Germany. 

Ireland.—Avoca Mines, Ltd., began min- 
ing-milling operations in December at its 
copper property in County Wicklow. Rated 
capacity of the mill is 2,000 tons of ore 
per day. There are plans to increase the 
capacity to 3,000 tons after 2 years. Ore re- 
serves are estimated at 7 million tons aver- 
aging 0.98 percent copper, with allowance 
for mining dilution. 

Israel.—A second underground mine 
with initial output scheduled for 1973 was 
being developed by Timna Copper Mines 
Ltd., at its property in Aravah Valley, 18 
miles north of Eilat. Greater emphasis will 
be placed on underground operations as 
the open pit ore nears exhaustion. How- 
ever, in the interim, maintenance of cop- 
per output also requires expansion of open 
pit facilities, since the remaining reserves 
are both lower grade and have higher 
waste-to-ore ratios. The development pro- 
gram was made possible by a successful 
and continuing exploration program. 

Mexico.—Asarco Mexicana, S.A., pro- 
duced 27,100 tons of blister copper, com- 
pared with 25,900 tons in 1969. "The com- 
pany completed construction of the mine, 
mill, town site, and supporting facilities at 
the Inguarán mine in the State of Mi- 
choacán. Initial production was scheduled 
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for the first quarter of 1971; a planned an- 
nual output of 12,000 tons of copper was 
expected. A new converter was added to 
the copper smelter at San Luis Potosí to 
handle Inguarán concentrates. A study was 
being made regarding the feasibility of in- 
stalling a refinery to process the blister 
copper. Mexicana de Cobre, S.A., 49-per- 
cent owned by Asarco Mexicana, continued 
engineering studies at the La Caridad 
property near Nacozari in the State of 
Sonora. 

Compañía Minera Nacozari, S.A., an af- 
filiate of Anaconda, continued exploration 
and substantially increased reserves of a 
copper-molybdenum deposit in the Nacoz- 
ari district. The company has also under- 
taken the evaluation of the Pilares mine 
area in the same district. 

Exploration by Patino Mining Corp., for 
Lytton Minerals, Ltd., indicated 55 million 
tons of reserves averaging 0.78 percent cop- 
per at the La Verde property in Michoa- 
cán State. Further drilling and under- 
ground openings are planned to prove up 
the probable and possible reserves and to 
delimit the ore bodies for mine develop- 
ment. 


Nicaragua.—At the Rosita mine of La 
Luz Mines Limited, 435,223 tons of ore was 
milled to produce 15,270 tons of concen- 
trates containing 3,340 tons of copper. The 
average grade of ore was 1.04-percent cop- 
per, compared with 1.98-percent copper in 
1969. During the year, the milling capacity 
was increased from 830 tons per day to 
over 2,000 tons per day. Recovery of met- 
als in the mill was 77.1 percent. Proven 
and probable ore reserves at the end of 
1970 were 1.98 million tons containing 
0.85-percent copper with additional gold 
content. Additional possible ore reserves 
were 4.6 million tons containing 0.86-per- 
cent copper. 

Panama.—A concession for developing 
the Cerro Petaquilla copper-molybdenum 
deposit was awarded by the Government to 
a consortium comprised of Duval Corp. 
(United States), Mitsui Mining and Smelt- 
ing Corp. (Japan), and Metallgesellschaft 
A.G. (West Germany). Another copper- 
molybdenum concession on an area west of 
the Cerro Petaquilla was awarded by the 
Government to Paronia, S.A., an affiliate of 
Canadian Javelin. 


Peru.—Copper production of 234,000 
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tons was higher than in 1969 and almost 
equaled the record production of 1968. 

The principal copper producer, the To- 
quepala mine of Southern Peru Copper 
Corp., produced a record high 149,000 tons 
of copper. Operation of the mine and con- 
centrator was interrupted for 20 days by 
three separate labor strikes. Ore treated 
amounted to 1.57 million tons with an av- 
erage grade of 1.14 percent copper. Cerro 
Corp. produced 52,600 tons of copper at 
La Oroya, 34 percent of which was from 
purchased ores. 

In an effort to increase metal produc- 
tion, the Peruvian Government published 
a decree on September 2, 1969. The decree 
States, essentially, that all ore bodies held 
since June 18, 1965, under exploitation 
concessions were to be brought to an an- 
nual production level of at least one-six- 
tieth of known reserves by April 1, 1975. 
The holders of these concessions were re- 
quired to file calendars of operations by 
the end of 1969, showing the development 
schedule to be followed. The decree stated 
further that, with certain exceptions, con- 
cessions would expire of these schedules 
were not met. Dissatisfied with the prog- 
res, the Government in 1970 cancelled 
concessions held by United States mining 
companies as follows: 


Company Concession 
The Anaconda Company. ) Cerro Verde. 
American Smelting and Refining 
Company (Asar co) Michiquillay. 
Cerro Cord Antamina, 
Chalcobamba, 
Ferrobamba, 
intaya. 


Development of the Cuajone mine by 
Southern Peru Copper Corp., continued on 
schedule during 1970. In January 1971, the 
Government cancelled the Quellaveco con- 
cession, which is near the Cuajone project. 

Philippines.—In 1970, thirteen mining 
companies produced 160,000 tons of copper 
in concentrates and direct shipping grade 
ore, an increase of 13 percent over the 
previous year. Drought conditions curtailed 
Operations during the first half of the year 
with the result that copper output was 
75,000 tons, compared with 89,000 tons for 
the second half. Atlas Consolidated Mining 
and Development Co. was the largest cop- 
per producer yielding 43,100 tons. Marcop- 
per Mining Corp., owned 60 percent by 
the Philippine Government and 40 percent 
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by Craigmont Mines Ltd., a subsidiary of 
Placer Development, Ltd., had initial pro- 
duction in 1969 and in 1970 was the sec- 
ond largest producer yielding an output of 
34,300 tons of copper. Other major produc- 
ing companies were Marinduque Mining 
and Industrial Corp., Lepanto Consolidated 
Mining Co. and Philex Mining Corp., 
with outputs of 33,300 tons, 26,400 tons, 
and 16,700 tons, respectively. 

South Africa, Republic of—O’okiep 
Copper Co. Ltd. milled 3.2 million tons of 
ore with an average grade of 1.37-percent 
copper from eight producing mines. This 
ore yielded 39,500 tons of blister copper. 
Despite continuation of an intensive explo- 
ration program reserves declined to 30.3 
million tons of ore averaging 1.54-percent 
copper. 

Palabora Mining Co. Ltd. increased out- 
put 17 percent to 101,300 tons of anode 
copper. The higher rate was made possible 
by an expansion program completed in 
December 1969. Ore milled was 20.9 mil- 
lion tons with an average grade of 0.54- 
percent copper. 

Messina (Transvaal) Development Co., 
including subsidiary copper mines in 
Southern Rhodesia, produced 35,800 tons 
of copper. 

Africa Triangle Mining Prospecting and 
Development Co.—a holding company 
formed by Anglo-Vaal, Middle Witwaters- 
rand, and United States Steel Corp.—is de- 
veloping a copper-zinc ore deposit near 
Prieska in northwestern Cape Province. 
Proven reserves are estimated to be 25 mil- 
lion tons, grading between 1.5- to 2.0-per- 
cent copper and about 3-percent zinc. Ini- 
tial plans envisage an operation of about 
7,000 tons of ore processed per day yield- 
ing 30,000 tons of copper and 50,000 tons 
of zinc per year. 

South-West Africa, Territory of.—The 
Tsumeb Corp. Ltd. milled 547,000 tons of 
ore averaging 3.5l-percent copper, 12.29- 
percent lead, and 3.91-percent zinc from 
their Tsumeb mine. Resulting copper con- 
centrates and 24,000 tons of direct ship- 
ping ore were sent to the copper smelter. 
At the Kombat mine, 421,000 tons of ore 
averaging 2.24-percent copper and 1.77-per- 
cent lead was mined and milled. The 
Matchless mine near Windhoeck, 225 miles 
south of Tsumeb, started production in 
mid-1970; a rated production of 500 tons 
of ore was expected early in 1971. Blister 
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copper produced from the three mines was 
33,100 tons, compared with 31,400 tons in 
1969. 

Oamites Mining Co., Ltd., substantially 
financed by Falconbridge Nickel, was de- 
veloping the Oamites mine located 35 
miles south of Windhoeck. Production was 
scheduled for July 1971 at a treatment rate 
of 50,000 tons of ore per month. Copper 
concentrates are to be sent to Tsumeb for 
smelting. Ore reserves are estimated to be 
4.7 million tons of 1.45-percent copper. 


Uganda.—Under terms of legislation 
passed by the Parliament of Uganda, Kil- 
embe Mines, Ltd., is deemed to be owned 
60 percent by the Government of Uganda 
and 31.1 percent by Kilembe Copper Co- 
balt Ltd., which is 72.5-percent owned by 
Falconbridge Nickel. Kilembe Mines proc- 
essed 1.1 million tons of ore to produce 
18,700 tons of blister copper in 1970. Ore 
reserves at yearend were estimated to be 
7.2 million tons of 2.0-percent capper in 
the proven and probable category, plus 3.6 
million tons of 1.72-percent copper in the 
possible category. 

U.S.S.R.—Japanese, French, and British 
companies were conducting negotiations 
with the Soviet Union regarding exploita- 
tion of vast copper deposits in the Udokan 
region of Chita, which borders Mongolia, 
east of Lake Baikal. The contemplated 
large size of the venture and the remote- 
ness of the deposits led to the conclusion 
that the required financial investments for 
development could best be met through a 
multinational consortium. 


Zambia.—Copper mine production de- 
creased 9 percent, to 754,000 tons, princi- 
pally as a result of the disastrous cave-in 
at the Mufulira underground mine on Sep- 
tember 25, which claimed the lives of 89 
miners. A return to normal operation is 
not expected before 1972. 

As part of the reorganization of the An- 
glo-American group, companies operating 
the Nchanga, Rhokana, and Bancroft 
mines, and the Rhokana refinery were 
merged into the Nchanga Consolidated 
Copper Mines, Ltd. (NCCM), and reincor- 
porated in Bermuda on June 26, Output 
of copper by NCCM was 436,000 tons in 
1970. Plans call for expansion programs to 
increase annual capacity to 550,000 tons by 
1974. 'The plans included a leach precipita- 
tion plant at Chingola to treat concen- 
trates from low-grade oxide ore and re- 
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opening of the Bwana Mkubwa and the 
Kansanshi mines. 

Roan Consolidated Mines, Ltd. (RCM), 
comprised of the Mufulira, Chibuluma, 
Chambishi, Kalengwa, and Luanshya mines 
produced 377,800 tons of refined copper 
during 1970, compared with 368,000 tons 
in 1969. All mines except Mutulira re- 
corded an increase over the previous year. 
Part of the refined copper production was 
from concentrate stockpiled in previous 
years during periods of fuel shortage. 
Production of 193,000 tons of refined cath- 
odes at the Ndola refinery was a record 
high. The Kalengwa mine, in its first full 
year of operation, produced 4,579 tons of 
copper from high-grade ore treated. at the 
Luanshya and Mufulira smelters. Lower 
grade ores were stockpiled for treatment in 
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the concentrator nearing completion. Out- 
put was expected to be at the annual rate 
of 19,000 tons. 

Baluba Mines, Ltd., owned almost en- 
tirely by RST International, Inc., and Zam- 
bia Copper Investments, Ltd., will be 
incorporated into the RCM group. The 
Baluba mine will be developed into a 
55,000 ton-per-year underground operation 
with initial output scheduled for 1973. Ore 
reserves at Baluba are estimated at 60 mil- 
lion tons containing 2.71-percent copper 
and 0.17-percent cobalt. Copper concen- 
trate will be smelted at Luanshya and Mu- 
fulira, and cobalt concentrate will be proc- 
essed at Chambishi. Total copper capacity 
of RCM operations is planned to increase 
from 342,000 to 413,000 tons per year by 
the end of 1978. 


TECHNOLOGY 


Reports published on copper resources 
included the observed mineralized zoning 
of major porphyry deposits, 2 copper distri- 
bution patterns in the batholith of the 
Butte district,3 geochemistry factors of 
ore-metal transport and deposition, 4 and 
tectonic control considerations related to 
copper mineralization in Arizona.5 

Feasibility studies have been made on 
the copper resource contained in Permian 
red bed formations of Kansas, Oklahoma, 
and Texas.6 Use of geophysics in the dis- 
covery and delineation of the Kidd Creek 
copper-zinc-silver ore body was described.? 
A paper compares the use of different 
methods for computing grade and tonnage 
of ore, leach, and waste material.8 

An article described the collection and 
evaluation of data including the use of a 
computerized pit design in a feasibility 
study for developing the Brenda copper 
mine. Truck haulage efficiencies related to 
engine horsepower, truck size, and haulage 
conditions at a copper mine has been 
assessed.10 A theoretical study has been 
made on the use of nuclear explosives to 
fracture a copper ore body.11 

In minerals beneficiation, a study con- 
cluded that an accurate correlation of 
grinding data from various samples with 
the geology of the ore body and with min- 
ing plans was needed to successfully apply 
autogenous grinding.12 

Proceedings of the Extractive Metallurgy 
Division Symposium (Metallurgical Society 


of American Institute of Mining Metal- 
lurgical and Petroleum Engineers) on Cop- 


2 Rose, Arthur W. Zonal Relations of Wallrock 
Alteration and Sulfide Distribution at Porphyry 
Copper Deposits. Econ. Geol., v. 65, No. 8, De- 
cember 1970, pp. 920-936. 

2 Al-Hashimi, Abdul Razak K., and Arthur H. 
Brownlow. Copper Content of Biotites From the 
Boulder Batholith, Montana. Econ. Geol., v. 65, 
No. 8, December 1970, pp. 985-992. 

* White, Donald E. Environments of Generation 
of Some Base-Metal Ore Deposits. Econ. l, v. 
63, No. 4, June-July 1968, pp. 301-335. 

5 Wertz, Jacques izona's Copper Province 
and the Texas Lineament. Min. Eng., v. 22, No. 
5, May 1970, pp. 80-81. 

6 Stroud, R. B., A. B. McMahan, R. K. Stroup, 
and M. H. Hibpshman. Production Potential of 
Copper Deposits Associated With Permian Red 
Bed Formations in Texas, Oklahoma, and Kansas. 
BuMines Rept. of Inv. 7422, August 1970, 103 


pp. 

Batty, J. Vanve, and B. F. Andrew. Leach-Pre- 
cipitation-Flotation Studies on Red Bed Copper 
Ore Using Controlled Atmosphere. BuMines 
Rept. of Inv. 7375, April 1970, 9 pp. 

1 Donohoo, H. V., George Podolsky, and R. H. 
Clayton. Early Geophysical Exploration at Kidd 
Creek Mine. Min. Cong. J., v. 56, No. 5, May 
1970, pp. 44-53. . 

s Hewlett, Richard F. Comparison of the Tri- 
angular, Polygonal, and a Statistical Method of 
Computing Grade and Tonnage of Ore for the 
Silver Bell Oxide Porphyry Copper Deposits. 
BuMines Rept. of Inv. 7331, January 1970, 33 


pp. 

® Chapman, E. P. Why Feasibility Studies for 
Very Large Low Grade Deposits Must be Accur- 
ER Min., v. 26, No. 6, June 1970, pp. 
6-20. 

10 Matheson, K. H. Large Truck Engines. Min. 
Cong. J., v. 56, No. 5, May 1970, pp. 22-25. 

11 Hardwick, W. R. Fracturing Hard Rock 
With Nuclear Explosives and Extraction of Ore 
by a Modified Block-Caving Method. BuMines 
Rept. of Inv. 7391, June 1970, 18 pp. 

1 Bachman, W. D., A. . Last, and S. W. 
Nabbs. Autogenous Grinding of Disseminated 
Copper Ores. Trans. Soc. Min. Eng., AIME, v. 
247, No. 3, September 1970, pp. 251-255. 
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per Metallurgy held in Denver, in Febru- 
ary 1970, was published. These proceedings 
contain many articles describing operations 
and research in roasting, smelting, refining, 
and hydrometallurgy of copper. 

A review of the dimensions and possible 
solutions to the sulfur control problem in 
copper extraction indicated rapid steps to- 
wards improved stack-gas control systems 
and expanded research to seek a longer 
range solution via a hydrometallurgical 
approach.13 Published articles reported on 
the results of research on roasting!4 and 
smelting 15 reactions. 

The design parameters and a summary 
of latest developments in solvent-extrac- 
tion, ion-exchange recovery methods were 
described.16 Another article outlined the 
evolution of hydrometallurgv in treatment 
of both oxide and sulfide ores.17 Research 
was conducted on utilization of roasting 
and leaching techniques for recovery of 
copper from sea nodules and from Minne- 
sota copper-nickel ores.18 

Reliable spectrographic standards to ana- 
lyze for impurity levels in refined copper 
were established in a research effort by a 
number of participating laboratories. 19 
The resulting standards provide an oppor- 
tunity for interlaboratory comparisons by 
supplier and user of absolute values for 
trace impurities in copper, at levels critical 
to the properties of certain copper-bearing 
products. 

Intricately shaped parts with excellent 
electrical conductivity can be made by 
power metallurgy from high-purity copper 
power using vacuum or conventional sin- 
tering techniques.20 Use of an extrusion 
process to produce a weldless, defect-free, 
copper strip was described.21 A continu- 
ous, hydrostatic extrusion process for mak- 
ing wire has claimed advantages of lower 
equipment costs, cheaper maintenance, re- 
duced space and power requirements, less 
wire breakage, and less labor.22 Use of 
copper-clad aluminum will apparently 
have a significant impact on the clectrical 


13 Spedden, 
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Table 2.—Copper produced from 
domestic ores, by source 


(Thousand short tons) 


Y ear Mine Smelter Refinery 
6 A 1,429 1,430 1,353 
ö 88 954 841 847 
198899 1. 205 1,235 1,161 
19899 8 1,545 1,547 1,469 
19710 ;;; 8E 1,720 1,605 1,521 


building-wire market and possible other 
electrical applications such as communica- 
tions cable and magnet wire.23 


H. R. Impact of Environmental 
Controls on Nonferrous Metals Extraction. Min. 


cone J., v. 56, No. 12, December 1970, pp. 


57-63. 

1* Khalafalla, S. E., and 1. D. Shah. Oxidative 
Roasting of Covellite With Minimal Retardation 
From the CuO CuSO, Film. Met. Trans., v. 1, 
No. 8, August 1970, pp. 2151-2156. 

Shah, I. D., and S. E. Khalafalla. Chemical 
Reactions in the Roasting of Copper Sulfides. 
BuMines Rept. of Inv. 7459, December 1970, 21 


pP. 

Fine, M. M., A. B. Landstrom, and R. B. 
Schluter. Oxidation Roasting of Chalcocite Con- 
centrate. BuMines Rept. of Inv. 7339, January 
1970, 19 pp. 

15 Johansen, Ernst B., Terkel Rosenqvist, and 
Per Terje Torgersen. On the Thermodynamics of 
Continuous Copper Smelting. J. Metals, v. 22, 
No. 9, September 1970, pp. 3947. 

15 Warwick, G. C. I., J. B. Scuffham, and J. B. 
Lott. Solvent Extraction—Today's Exciting Process 
for Copper and Other Metals. World Min., v. 6, 
No. 11, October 1970, pp. 38-44. 

11 Theys, L. Forty Years of Progress in the Hy- 
drometallurgy and Electrowinning of Copper— 
The Experience of Union Miniére. Canadian 
Min. and Met. Bull., v. 63, No. 695, March 
1970, pp. 339-351. 

15 Brooks, P. T., and D. A. Martin. Processing 
Manganiferous Sea Nodules. BuMines Rept. of 
Inv. 7473, January 1971, 19 pp. 

Joyce, F. E. Extraction of Copper and Nickel 
From the Duluth Gabbro Complex by Selective 
High-Temperature Sulfatization. BuMines Rept. 
of Inv. 7475, January 1971, 15 pp. 

10 Linde, N. N., W. M. Tuddenham, J. P. Ka- 
petan, and A. A. DiLeonardi. Development of 
Analvtical Standards for Electrolytically Refined 
Copper. The Western Electric Eng., v. 14, No. 2, 
April 1970, pp. 41-45. 

2 "Taubenblat, P. W. and G. Goller. The Prep- 
aration of High-Conductivity Compacts From 
Copper Powder. J. Inst. Metals, v. 98, August 
1970, pp. 225-227. 

21 Nakano, T., H. Yoshida, M. Sato, and O. 
Takeuchi. Manufacture of Copper and Copper 
Alloy Strip by an Extrusion Process. J. Inst. Met- 
als, v. 98, August 1970, pp. 228-235. 

722 Metals Weck. A New Route to Wire. V. 41, 
No. 19, May 11, 1970, p. 3. 

22 Metals Week. Clad Wire Gets a Break. V. 
41, No. 21, May 25, 1970, pp. 18-19. 
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Table 3.—Copper ore and recoverable 
copper produced, by mining method 


(Percent) 
Open pit Underground 
Year A _ — ———— 
Ore Copper! Ore Copper? 
1966 85 80 15 20 
19677 r 86 83 14 17 
1968........ 87 82 13 18 
19699 88 8⁴ 12 16 
19710. 87 84 13 16 
r Revised. 


1 Includes copper from dump leaching. 
2 Includes copper from in-place leaching. 
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Table 4.—Mine production of recoverable 
copper in the United States, by months 


(Short tons) 


1, 


1969 


120,829 
118,481 
182,795 
131,479 
127 , 496 
129,317 
123,170 
125,145 
127,662 
135,429 
134,191 
138,585 


544, 579 


1,719,657 


Table 5.—Mine production of recoverable copper in the United States, by States 


(Short tons) 

State 1966 1967 
Arizona... ħħ 739,569 501,741 

California „078 78 

Colorado 4,287 8,998 
Idaho oc ͤ eascee 4,961 4,210 
)))) ees, EE 
Mickhiean oo. 73,449 58,458 
issouri. ` e 3,913 3,215 
Montana... 128,061 65,483 
evada.. md é 78, 720 50, 771 
New Mexico 108, 614 75, 008 
Pennsylvania. .................- ,178 4,401 
Tennesse 15,410 14,600 
Utäh ee A 265, 383 168 ,609 
Other States l 2, 57 787 
Total- Litas 1,429,152 954,064 


1968 1969 
627,961 801,363 
1,182 1,129 
3,451 3,598 
3,525 3,332 
898 1,320 
74,805 75, 226 
5,494 12,664 
69,480 103,814 
11,218 104,924 
90,769 119,956 
4,850 3,382 
14,196 15,853 
228,245 296,699 
2,552 2,319 
1,204,621 1,544,579 


1970 
917,918 
8 


1,719,657 


1 Includes Alaska 1966-68; Oklahoma; Oregon 1966, 1968-70; and Wyoming 1969. 
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Table 7.—Mine production of recoverable copper in 1970, by method of treatment 


Recoverable copper 
Ore treated 
Method of treatment (thousand Thousand Percent Remarks 
short tons) pounds yield 
Copper ore: 
By concentration 235, 586 2,838,678 0.60 See table 9. 
By smelting. ---------------------------- 542 38,055 3.51 See table 10. 
By leaching_.___ ³o»W]Ü . 21,601 1 148,288 KI See table 11. 
257,729 8,025,021 .59 
Dump and in-place leachin ggg. 343, 935 Sues See table 11. 
Miscellaneous from residues, tailings, and noncopper 
1) A A 8 70,358 Ss — ui 
JJ Ö (h A et ce XX 3,439,314 XX 


XX Not applicable. 
1 Includes 70,254,000 pounds of electrowon copper. 


Table 8.—Copper ore shipped directly to smelters or concentrated in the United States 
by States with copper, gold, and silver content in terms of recoverable metal 


Recoverable metal content 


Ore — — —nc— — — As AP VU Value of 

shipped or Copper gold and 

State concentrated Gol Silver silver per 

(thousand Thousand (troy ounces) (troy ounces) ton of ore 

short tons) pounds Percent 

Arizona. 134, 968 1,582,065 0.59 107,292 7,130,261 $0.12 
Id —————— 2 176 4.40 2 2,87 2.60 
Michigan 7, 638 135.087 B80 Sees 891,579 .21 
Montana 18, 720 205, 465 55 19,438 3,583,016 88 
Nevada............- 14,183 167,563 .59 69,188 660,757 26 
New Mexico. ........ 18,592 269,246 ste 8,409 606,892 07 
Tennessee i 1,680 31,071 .92 124 94,770 10 
FTC ˙¹ 40, 148 480,869 .60 847,548 2,735,671 44 
Other States 197 5,191 1.32 294 23 
Total. 236, 128 2, 876, 733 .61 552,188 15,728,618 .20 


1 Copper-zinc ore. 


Table 9.—Copper ore concentrated 1 in the 
United States, by States in 1970, with 
content in terms of recoverable copper 


Ore Recoverable copper 
concen- content 
State trated 
(thousand Thousand 
short tons) pounds Percent 

Arizona 134,618 1,564,527 0.58 
Michigan...... 7,63 135,087 .88 
Montana 18,720 205, 464 .55 
Nevada 14,061 147,456 .52 
New Mexico... 18,525 269,102 .78 
Tennessee 2 1,680 31,071 .92 
Utah. ........- 40,148 480,784 .60 
Other States... 196 5,187 1.32 
Total... 235,586 2,838,678 .60 


1 Includes following methods of concentration: 
“Dual process” (leaching followed by concentration); 
“LPF” (leach-precipitation-flotation); and froth flo- 
tation. 

2 Copper-zinc ore. 


Table 10.—Copper ore shipped directly 
to smelters in the United States, by 
States in 1970, with content in terms of 
recoverable copper 


Ore shipped to smelters 
Recoverable copper 
State content 
Short tons 
Pounds Percent 

Arizona 350,305 17,587,600 2. 50 
Idaho 1,601 176,300 5.50 
Montana 14 800 2.86 
Nevada 121.745 20, 106, 800 8.26 
New Mexico... 67, 134 144, 500 1.11 
Utah.........- 647 85,500 6.61 
Other States 73 3,600 2.46 
Total... 541,519 38,055,100 3.51 


1 Primarily smelter fluxing material. 


COPPER 483 


Table 11.—Copper precipitates (from dump or in-place leaching) shipped directly 
to smelters and copper ore leached (heap, vat, or tank) in the United States, 
by States in 1970, with content in terms of recoverable copper 


Precipitates Recoverable Ore Recoverable 
State shipped copper content leached copper content Percent 
(short tons) pounds) (short tons) (pounds) 
Arizona... 87, 856 132, 440, 100 15, 272, 753 1 112, 228, 600 0.37 
Montana... 21,516 rr SO 
Nevada. _------------------ 7,842 12,159,500 2 6,327,936 2 86,059,800 .28 
New Mexico 40,321 59,993,900 (2) (2) "E 
Utüh: ss eee DU 62,488 104,230,600 (2) (2) nos 
Total A 220,023 343,935,200 21,600,689 148,288,400 .94 


! Includes 70,254,000 pounds of electrowon copper. 
2 Nevada, New Mexico, and Utah combined to avoid disclosing individual company confidential data. 


Table 12.—Copper ore smelted and copper ore concentrated in the United States, 
and average yield in copper, gold, and silver 


Smelting ore Concentrating ore Total 
Value 
Yield Yield Yield Yield Yield per ton 
Year Thousand in Thousand in Thousand in er ton  perton in gold 
short tons copper, short tons! copper, short tons! copper, in gold, in silver, and 
percent percent percent ounce ounce silver 
1966........ 549 2.94  ?186,417 0.66 186,966 0.67 0.0029 0.071 $0.19 
1967........ 303 2.52 2126, 763 .68 127,066 .63 .0025 .066 .19 
. 1968________ 883 2.46 2169, 671 60 170, 054 60 0024 056 KA 
19699. 485 2.17 3204, 704 62 223, 752 . 60 0028 065 23 


1970 — —— 542 3.51 3235, 586 60 257,729 59 0023 067 20 


1 Includes some ore classed as copper-zinc and minor amount of tailings; 1969 excludes tailings. 

2 Includes all methods of concentration: “Dual process” (leaching followed by flotation concentration), 
*LPF" (leach-precipitation-flotation), tank or vat leaching, heap leaching, and froth flotation. 

3 Excludes tank or vat and heap leaching. (See tables 7 and 11.) 


Table 13.—Copper produced by primary 
smelters in the United States 
(Short tons) 


Year Domestic Foreign Secondary Total 
1966_____ 1,429,863 36,573 114,671 1,581,107 


1967_____ 841,343 20,997 “70,746 933,086 
1968. 1,234,724 31.754 84,821 1,351,299 
1969. 1,547,496 37.995 77,329 1,662,820 


1970. ... 1,605,265 36,073 78,897 1,720,235 
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Table 14.—Primary and secondary copper produced by primary refineries in the 


United States 


(Short tons) 
1966 1967 1968 1969 1970 
PRIMARY 
From domestic ores, etc.: 1 
Electrolytic...............-.. 1,213,918 754,175 1,013,246 1,296,749 1,359,751 
A e tac E reo 69,126 54,004 78,804 76,417 , 
Casting 70, 043 38,372 69, 375 95,723 95,341 
rr 1,353,087 846,551 1,160,925 1,468,889 1,521,183 
From foreign ores, etc.: 1 
Electrolyt ic 321, 302 258, 473 219, 726 225, 714 215,088 
Casting and best select... .... 36,595 27,958 56,735 48,212 28,823 
Total refinery production of 
primary copper 1,710,984 1,132,982 1,437,386 1,742,815 1,765,094 
SECONDARY 
Electrolytic 2222 409,986 818,709 327, 549 410,749 433 ,394 
Casting 27, 977 24, 568 15, 869 2, 094 17, 623 
Total secondary. .......... 437,963 343,277 343,418 412,843 451,017 
Grand total. 2,148,947 1,476,259 1,780,804 2,155,658 2,216,111 


1 The separation of refined copper into metal of domestic and foreign origin is only approximate, as accurate 


separation is not possible at this stage of processing. 
2 Includes copper reported from foreign scrap. 


Table 15.—Copper cast in forms at 
primary refineries in the United States 


1969 1970 
Thousand Thousand 
short tons Percent short tons Percent 
Billets_.... 209 10 171 8 
Cakes . 131 6 114 5 
Cathodes. _ 234 11 265 12 
Ingots and 
ingot bars. 255 12 225 10 
Wire bars.. 1,300 60 1,407 63 
Other 
forms_____ 27 1 84 2 
Total ` 2,156 100 2,216 100 


Table 16.—Production, shipments, and 
stocks of copper sulfate 
(Short tons) 


Production 


Shipments Stocks 


Year Quantity Copper Dec. 31! 
content 

1966.... 51,676 12,919 51,816 4,464 

1967. 40,128 10,032 40,644 3,516 

1968____ 43,784 10,946 43,648 3,380 

1969.... 50,568 12,642 49,556 4,248 

1970... 45, 352 11,338 40,324 8,812 


1 Some small quantities are purchased and used by 
pee companies, so that the figures given do not 
alance exactly. 


Table 17.—Byproduct sulfuric acid 1 
(100-percent basis) produced in the 
United States 
(Short tons) 


Copper Lead and zinc 
Year plants ? plants 3 Total 
1966..... 469,728 983,118 1,452,846 
1967 348,497 900, 170 1,248,667 
1968..... 483,108 989,973 1,473,081 
1969. 685, 775 1,086,938 1,772,713 
1970_____ 747,784 1,086,207 1,833,991 


1 Includes acid from foreign materials. 

2 Includes acid produced at a lead smelter in 1966- 
68. Excludes acid made from pyrites concentrates in 
Arizona, Montana, Tennessee, and Utah. 

3 Excludes acid made from native sulfur. 
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Table 18.—Secondary copper produced in the United States 


(Short tons) | 
| 1966 1967 1968 1969 1970 
Copper recovered as unalloyed 
COpDeP e esa 509 ,084 423 ,054 433 ,041 514,598 521,187 
Copper recovered in alloys !....... 825,165 736,853 785,299 860,900 726,465 
S Total secondary copper.... 1,334,249 1,159,907 1,218,340 1,375,493 1,247,602 
ource: 
New serap-__ 799,389 677,248 697,568 800,603 743,531 
Old scra zzz 534, 860 482, 659 520,772 574,890 504,071 
Percentage equivalent of domestic 
mine output. .. . 93 122 101 89 78 


1 copper in chemicals, as follows: 1966—6, 043; 1967-4, 965; 1968—4, 757; 1969—3, 824; and 


Table 19.— Copper recovered from scrap processed in the United States 
by kinds of scrap and form of recovery 
(Short tons) 


Kind of scrap 1969 1970 Form of recovery 1969 1970 
New scrap: As unalloyed copper: 
Copper- base 787,727 732,055 At primary plants 412, 843 451,017 
Aluminum- base 12, 595 11.335 At other plants 101,750 70,120 
Nickel- base 265 126 — — En F 
Zine- base 16 15 ( cee n ss ss 514,593 521,137 
Total........-- 800, 603 748,531 In brass and bronze 820,945 695,488 
== n alloy iron and steel 2,570 2,808 
Old scrap: In aluminum alloys...........- 32,826 25,516 
Copper- base 568, 769 498,765 In other aalloys__._.. . . 735 133 
Aluminum- base 4,973 4,475 In chemical compounds. ....... 3,824 2,525 
Nickel- base 1. 103 792 — — — — 
Tin- base 15 11 r AA L. L. S 860,900 726,465 
Zine- base. 30 28 =——v — r. —ͤ— 
| — — — d — Grand total............. 1,375,493 1,247,602 
Total 574, 890 504,071 
Grand total 1,375,493 1,247,602 


Table 20.—Copper recovered as refined copper, in alloys and in other forms 
from copper-base scrap processed in the United States 


(Short tons) 
From new scrap From old scrap Total 
Recovered by— 

1969 1970 1969 1970 1969 1970 
Secondary smelt ers 72, 515 52, 770 277, 240 214. 459 349, 755 267,229 
Primary copper producers 215,561 233,674 197,282 217,343 412,843 451,017 
Brass mills___._....----------- 480 ,093 433,202 38, 541 16,894 518,634 450,096 
Foundries and manufacturers_... 18,687 11,760 52,856 48,195 71,543 59,955 
Chemical plants 871 649 2,850 1,874 3,721 2,523 


a AA psta 187,727 732,055 568 , 769 498,765 1,856,496 1,230,820 
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Table 21.—Production of secondary copper and copper-alloy products in the 
United States 


(Short tons) 
Item produced from scrap 1969 1970 
UNALLOYED COPPER PRODUCTS 
Refined copper by primary producers_._............-.--.--------.-------- 412,843 451,017 
Refined copper by secondary amelterm LLL. LLL L Ll 2l2ll.. 86,279 60, 592 
EENEG 14,545 9,899 
Copper east ing )J ͤ (dd ĩ 8 926 129 
II ³o¹ewi ĩð dy qusa Eu. 514,593 521,137 
ALLOYED COPPER PRODUCTS 

Brass and bronze ingots: 
Tin PON AA et EL DESDE LEE Ei as 19,225 11,659 
Leaded tin bronze. ............ 2.2.2... 2 LLL Ll LL LLL LLL LL eee 17,525 11,076 
Leaded red brass and semired brass 171,323 151,852 
High-leaded tin bronze „„„„„„ 35,257 29,139 
Leaded yellow brass. ..........:.- 2... . + ee cL LL ooo 23,627 14,814 
Manganese bronze nnn U U“ „„ 16, 866 10, 890 
Aluminum brongnneſ·ee·emmwmdmE mr „ 11,367 7,250 
Nickel silver <a a . e a s Eau icc Ee 8,804 8,725 
LOW bram o — a ddddͥ e sov y Ae a P e Lee 1,255 914 
Silicon and conductor bronze.... --------------------------------- 7,754 4,872 
Copper-base hardeners and special allouvg ss 12,208 10,280 
1＋61))!!!!; Kc UE EOS 326,211 255,9'71 
Brass-mill productis... cuencas ß . ß 683,676 587,886 
Brass and bronze casting sss „ 52,154 52,089 
EE EE 1,106 1,764 
Copper in chemical products UIieIUi „ 3,824 2,525 
%%% ̃ da 8 1,581,564 1,421,872 


Table 22.—Composition of secondary copper-alloy production 


(Short tons) 
Alumi- 
Copper Tin Lead Zinc Nickel num Total 
Brass and bronze production: ! 
S A 256,605 14,084 20,129 34,451 876 66 326,211 
h/ ·⁰ 201, 258 11,189 16,111 26,738 616 64 255,971 
Secondary metal content of brass- 
mill products: 
1969 A tn cee 518,401 739 4,650 156,550 3,821 15 683,676 
r a aa 450,758 477 8,192 128,757 4,644 58 587,886 
Secondary metal content of brass 
and bronze castings: 
JAA 41,601 1,837 5,236 3,398 15 67 52,154 
E BEE 41,290 1,953 5,583 3,198 10 55 52,089 


1 About 93 percent from scrap and 7 percent from other than scrap. 
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Table 23.—Stocks and consumption of purchased copper scrap in the United States in 1970 
(Short tons) 


Consumption 
Class of consumer and Stocks Receipts ———————————————————————- Stocks 
type oí scrap Jan. 1 New scrap Old scrap Total Dec. 31 
SECONDARY SMELTERS 
No. 1 wire and heavy copper 2,646 22,067 4,455 18,034 22,489 2,224 
No. 2 wire, mixed heavy and light 
, eee 3,306 74,600 10,401 65,801 76,202 1,704 
Composition or red brass 3,937 77,794 19.251 59,113 78,474 3,257 
Railroad-car boxes 165 2.202. ida 2,107 2,107 260 
Yellow brasg 7,033 56,450 7,342 51,388 58,730 4,753 
Cartridge cases and brass________ 105 929. 6e 358 358 
Auto radiators (unsweated)...... 2,562 48.299 49,359 49,359 1,498 
ne casaca 2,550 28,011 4,615 23,073 27,688 2,873 
Nickel silver 566 4,099 727 3,307 4,034 
Low brass 536 4,911 3,558 977 4,535 912 
Aluminum bronzene 159 464 269 209 478 145 
Low-grade scrap and residues 6,009 46,030 37,536 7,589 45,125 6,914 
TOUS. odos is e 29,574 365,252 88,264 281,315 369,579 25,247 
PRIMARY PRODUCERS 
No. 1 wire and heavy copper 1,969 147,965 76,030 68,147 144,177 5,757 
No. 2 wire, mixed heavy and light 
Gopner. -------------------- 23,224 227,535 153,942 71,346 225,288 25,471 
Refinery brasa. `. 398 6,814 5,415 1,125 6,540 672 
Low-grade scrap and residues 29,178 342,468 50,591 278,877 329,468 42,178 
¿o BEE 54,769 724,782 285,978 419,495 705,473 74,078 
BRASS MILLS 1 
No. 1 wire and heavy copper 8,567 117,567 106,167 11,400 117,567 9,209 
No. 2 wire, mixed heavy and light 
A deet du 2,005 35,234 34,318 916 35,234 3,639 
Yellow brasm 25,382 256,618 256,618 `. 256,618 25,208 
Cartridge cases and brass 8,650 116,443 109,646 6,797 116,443 11,483 
LEE 784 5,937 5,937 © onsec 5,937 812 
Nickel silver 3,212 18,884 18,884 ......... 18,884 2,932 
Low brass. ...:......-.---.---- 3,747 44,440 44,440 ......... 44,440 4,568 
Aluminum bronze. ............- 98 600 600 — 600 94 
Mixed alloy scrap. ............- 1,340 1,340 1230 hes 1,340 es 
Totali: ul. c. ¿c uu L 53,785 597,063 577,950 19,113 597. 063 57,945 
FOUNDRIES, CHEMICAL PLANTS, 
AND OTHER MANUFACTURERS 
No. 1 wire and heavy copper 2,384 20,241 6,072 14,516 20,588 2,037 
No. 2 wire, mixed heavy and light 
ee 1.438 9,561 2,612 6,964 9,576 1,423 
Composition or red brass________ 565 5,904 1,554 4,235 5,789 680 
Railroad-car boxes 501 25,847 ________- 25,966 25,966 382 
Yellow brasa 643 5,895 2,701 3,082 5,783 755 
Auto radiators (unsweated).. .... 812 75133 7,354 7,354 591 
Gr 267 859 399 498 897 229 
Nickel silver 8 26 24 7 31 3 
w brass 19 434 226 197 423 30 
Aluminum bronze 68 378 257 148 405 41 
Low-grade scrap and residues 462 830 313 416 729 563 
«;» as 7,167 77,108 2 14,158 2 63.383 277,541 6,734 
GRAND TOTAL 
No. 1 wire and heavy copper 15,566 307,840 192,724 112,097 304,821 19,227 
No. 2 wire, mixed heavy and light 
/r 29,973 346,930 201,273 145,027 346,300 32,237 
Composition or red brass 4,502 83,698 20,915 63,348 84,263 3,937 
Railroad-car boxes 666 28,049 `. 28,073 28,073 642 
Yellow brass 33,058 318,963 266,661 54,470 321,131 30,716 
Cartridge cases and brass 8,755 116,772 109,646 7,155 116,801 11,559 
Auto radiators (unsweated) ....... 3,374 55,4238 56,713 56,713 2,089 
Bron zee 3.601 34, 807 10,951 23,571 34,522 3,914 
Nickel silver. .................- 3,786 23,009 19,635 3,314 22,949 3,566 
Low brass 4,302 49,785 48.224 1. 174 49,398 5,510 
Aluminum bronze `... 325 1,442 1,126 357 1,483 280 
Low de scrap and residues 36,047 396,142 93.855 288,007 381,862 50,327 
Mixed alloy scrap. ............- 1,340 1,340 113000 1,340 ......... 
Poet... 145,295 1, 764, 205 966. 350 783,306 1,749,656 164,004 


1 Brass-mill stocks include home scrap; purchased scrap consumption assumed equal to receipts, so lines in 
brass-mill and grand total sections do not balance. 

2 Of the totals shown, chemical plants reported the following: Unalloyed copper scrap, 680 tons of new and 
1,948 old; copper-base alloy scrap 66 tons of old, 

3 Includes stocks of refinery brass. 


Total 


1,891,305 
2,142,218 
336,551 
179,469 
150 


1,749,656 
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Table 24.—Consumption of copper and brass materials in the United States, 
by principal consuming groups 
(Short tons) 
Foundries, 
chemical 
Year and item Primary Brass Wire plants, and Secondary 
producers mills mills miscellane- smelters 
ous users 
1969: 

Copper scrap. .........--.- 620,966 694,950 ......... „511 481,878 
Refined copper!............ --------- 797, 126 1,296,316 41,818 6 , 958 
Brass ingo 6,5392  ......... GOTO. ul: 2e 
oh nue --------- 160,718 CP ERN ,915 15,836 
Miscellaneous... ........... ......... ammm rn | 150 ......--- 
Copper scrap. sz 705,478 591,068 ........ 77,541 369, 579 
Refined copper . 660,583 1,338,740 36,938 7,042 
Brass ingot. .............-. -.-- ---- 204 MES 250,636 ......... 
S ³ ou A neges 118,506 ........ ,481 7,760 
Mienen caes deteuue qu. ---.-.-.-.-.-.- 150 5,059 


1 Detailed information on consumption of refined copper will be fourid in table 28. 
2 Shipments to foundries by smelters plus decrease in stocks at foundries. 


Table 25.—Foundry consumption of brass ingot, by types, in the United States 


(Short tons) 
1966 
Tin bronze ` oo 11,174 
Leaded tin beonze `. . 31,69 
Leaded red brass 174,270 
High-leaded tin bronze. 28,595 
Leaded yellow brass... ...............--- 17,349 
Manganese bronze ..............-.-.-.-.. 10,331 
Har dener 4,085 
Nickel silveerrrr 3,577 
Aluminum bronze `... 8,361 
Low Bras ua es 3,575 
(( A A 287,966 


1967 
10,691 


2,761 
250,270 


1968 1969 
11,745 11,954 
30,013 81,818 

149,139 155,895 
20,021 20,278 
25,428 28,685 
10,274 10,680 

, 822 „81 

3, 870 4,041 
10,202 8,498 

8,611 4,313 

268,125 280,477 


1970 
10,400 


37,074 
128,798 


287,141 
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Table 27.—Primary refined copper supply and withdrawals on domestic account 


(Short tons) 
1966 1967 1968 1969 1970 
Production from domestic and 
foreign ores, e tte 1,710,984 1,182,982 1,437,386 1,742,815 1,765,094 
Imports r 164, 328 r 330, 571 400,278 131,171 132,143 
Stocks Jan. III 35,000 43,000 27,000 48,000 39,000 
Total available supply... _ _ ` r 1,910,312 1, 506, 553 1,864,664 1,921,986 1,936,237 
Sob er 5 JJC o 273,071 159,853 240,745 200 , 269 221,211 
toeka Dee. n. 43,000 27,000 48,000 39, 000 130, 000 
Cü] eee cen 316,071 186,353 288,745 239,269 851,211 
Apparent withdrawals on domestic 
account r 1,594,000 1,320,000 1,576,000 1,688,000 1,585,000 
r Revised. 


! May include some copper refined from scrap 
? Includes copper delivered by industry to the Government stockpiles. 


Table 28.—Refined copper consumed, by class of consumers 


(Short tons) 
Ingots Cakes 
Year and class of consumer Cathodes Wire bars and and Billets Other Total 
ingot bars slabs 
1969: 
Wire mills. ............... 50,631 1,237,939 W W -_..---. 7,746 1,296,816 
Brass mills. `. ` 183,644 81,847 152,529 172,264 256,714 128 797,126 
Chemical plants. «4 1111 GSSs 2,624 3,095 
Secondary smelters________ 3,866 ......... /// as 67 6,958 
Foundries. ............... . 1,434 224 18,134 12 117 1,280 16,201 
Miscellaneous 1111... d 1,574 790 10,648 226 1,542 7,747 22,522 
Total: cuida ult ds 241,149 1,270,800 179,802 172,502 258,373 19,592 2,142,218 
1970: 

Wire mill 85,925 1,245,470 „ ese 7, 1 1,838,740 
Brass mils. 154,174 27,862 120,880 156,770 200,785 112 660,583 
Chemical planttnnggs. ....... ........- S a 1,663 2,241 
Secondary smelters. . ...... 3,288 3,749 ....... ...---- 7 7, 042 
Poundries ------ 2,127 1,687 11,941 W W 483 16,238 
Miscellaneous 1............ 1,474 744 8,573 282 1,262 6,124 18,459 
l! 8 246,986 1, 275, 763 145,721 157,052 202,047 15,784 2,043,308 


W Withheld to avoid disclosing individual company confidential data; included in Other.“ 
t Includes iron and steel plants, primary smelters producing alloys other than copper, consumers of copper 
powder and copper shot, and miscellaneous manufacturers. 


Table 29.—Stocks of copper at primary 
smelting and refining plants in the 
United States, Dec. 31 


(Thousand short tons) 
Blister and 
Refined materials in 
Year copper ! process of 
refining 3 
196 ů i. 43 270 
13 subastas 27 220 
16§öÜĩ e 48 272 
19999 39 291 
19000000; 8 130 340 


1 May include some copper refined from scrap. 
2 Includes copper in transit from smelters in the 
United States to refineries therein. 
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Table 30.—Stocks of copper in fabricators’ hands Dec. 31 
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(Short tons) 
Unfilled pur- 
| Stocks of chases of refined Working Unfilled sales Excess stocks 
Year refined copper! copper from stocks to customers over orders 
producers booked ? 
(1) (2) (9) (4) (5) 
10 8 558, 599 134, 732 407,345 361,559 —75,573 
E EE? 479,572 98,716 415,765 269 , 474 —106,951 
1938 514, 553 128, 919 420, 186 273, 469 — 50,183 
1969 MD 502,300 99,232 412,734 256,299 —67,501 
ASIA 515,096 86,925 438,925 156,007 7,089 


1 Includes in-process metal and primary fabricated shapes. Also includes small quantities of refined copper 


held at refineries for fabricators' account. 
2 Columns (1) plus (2) minus (3) and minus (4) equal column (5). 
Source: United States Copper Association. 


Table 31.—Dealers’ monthly average buying price for copper scrap and consumers’ 


alloy-ingot prices at New York in 1970 
(Cents per pound) 


Grade Jan. Feb. Mar. Apr. May June 

No. 2 copper SCTap----ooooooo----- 46.69 46.72 49.69 52.27 47.68 41.00 
No. 1 composition scrap............ 40.69 40.33 43.19 45.86 42.78 86.09 
No. 1 composition ingo. 58.00 58.00 59.36 61.97 63.25 61.00 

July Aug. Sept. Oct. Nov. Dec. Average 

No. 2 copper sera 38.02 85.93 33.38 80.61 26.'15 24.68 39.45 
No. 1 composition scrap............ 34.11 33.41 32.21 30.48 28.50 27.59 86.27 
56.35 


No. 1 composition ingot............ 57.46 53.56 51.00 51.00 51.00 50.61 
Source: Metal Statistics, 1971. | 


Table 32.—Average weighted prices of 
copper deliveries 1 


(Cents per pound) 


Domestic Foreign 

Year copper copper 
KREE 36.6 50.5 
1907. AAC 38.6 48.2 
A 42.2 51.4 
19839 8 47.9 63.2 
197102... oe ue emi 58.2 64.1 


! Covers copper produced in the United States and 
delivered here and abroad and copper produced 
abroad and delivered in the United States. 

Source: Metals Week. 


Table 33.—Average monthly quoted prices of electrolytic copper for domestic 


delivered, in the United States and for spot copper at London 
(Cents per pound) 


1969 1970 
Domestic delivered London Domestic delivered 
Month — spot l M 
American Metals etals American Metals 
Metal Week Week Metal Week 
Market Market 
Januar 43. 08 43.90 56.61 55.92 56.25 
Februar 44.12 44.23 58.04 56.12 56.50 
March. ..........-.....- 44.12 44.79 57.75 56.12 56.50 
April... 44.12 44.95 62.74 59.74 59.80 
OV EE see 45.50 45.89 62.74 60.12 60.20 
Mn... ccs kee 46.12 46.42 66.88 60.12 60.20 
Jü] ao 8 46.12 46.45 65.64 60.12 60.10 
August 48.03 48.32 72.88 60.12 60.10 
September 51. 55 51.76 71.11 60.12 60.10 
Oe tober 52.12 52.48 70.19 59.03 59.00 
November 52.12 52.52 73. 84 56.12 56.10 
December. 52.12 52.89 76.96 53.12 53.10 
Average 47.43 47.93 66.24 58.07 58.20 


1 Based on average monthly rates of exchange by Federal Reserve Board. 
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Table 34.—U.S. exports of copper by classes and countries 


Ore, concentrates, 


and matte Refined Scrap 
Year and country (copper content) 
Short Value Short Value Short Value 
tons (thousands) tons (thousands) tons (thousands) 
1969 e AA 1,177 $1,195 200,269 $228 ,072 7,592 $6,793 
1970: 
AI AA 61 83 3 3 
ntina A A 693 SIL a m mm 
Belgium-Luxembourg . 331 449 4,262 5,476 4,004 3,204 
A A A O 24,688 83,487 1 139 
Canada. 1,933 1,912 12,968 15,226 1,301 1,052 
Chi: cul ete Mes S (1) UE eto ada 
hh „ Do AAA A 
LN KEE EE 18,621 26,388 26 21 
Germany, West 7,056 8,493 20,113 25,741 4,242 4,045 
I A A ipe 14,687 19,316 289 257 
Haly. noz 20 13 39,067 52,995 861 692 
Japan 45, 364 39,411 9,295 11,180 2,133 2,069 
Korea; Republic off 4,497 hh slds 
exico___ 2,613 2,820 29 41 17 14 
Netherlands 33 46 20, 529 29, 848 86 94 
55 JJ KT uka eM ot 99 EGO. eos mm 
Philippines J EE 1,810 70 SECH 
Spain 2,169 2,876 2,732 3,486 496 557 
Sweden 2,019 2,346 1,954 2,869 26 24 
Switzerland 2, 431 3,476 22 17 
r . ea 1,122 1:520 A A 8 
United Kingdom..... .......... .......... 25,163 34,182 712 626 
Vugosla va 14,593 19,371 1,077 1,819 
err (1) (1) 1,794 2,432 1,156 1,095 
Otel cs a yx. 61,538 58,366 221,211 296,929 16,555 15,228 
Blister Pipes and tubing Plates and sheets 
Short Value Short Value Short Valu 
tons (thousands) tons (thousands) tons (thousand 
19699 ina eS 4,340 $3,918 952 $1,925 425 $763 
1970: 
Alri ß A TE E 85 99 1 2 
Ah; ---------- ---------- (1) E asta Huete 
Belgium-Luxembourg. 5,914 5,704 6 17 8 
Brazil... VH: Lil 9 26 (1) 1 
Canada 3 2 307 591 152 300 
Ff ³˙ %˙—ꝛ K 3 1 A secede ies ear 
Gelomll jd: ascitis 154 343 2 3 
France. 128 313 5 15 
Germany, West 1,878 ; eee. (1) 1 
1111; TTT as 56 141 1 1 
Italy co. stat es 2 2 5 15 (1) 1 
7ͤ/;ß⁰ðʃ All.. pasu 12 42 3 7 
Korea, Republic Ol ee, Descusesuce 2 5 1 4 
MEXICO e , e da ds 25 67 1 2 
Netherlands... ...... ........--.  .-...-.-.-- 4 16 (1) 1 
Oe y ANI 3 13 1 3 
Peru. ccce. veces. erue Zaa 4 11 ³ĩ˙ tete sasi 
Philippines. .--———— AA 11 DD. enn. TT 
za OA 7 26 10 34 
SS A ei ees AN 1 1 5 10 
Switzerlann gad estu 9 22 41 76 
Taiwán oca alas! liada. o e 8 A oe 8 
United Kingdom 5 4 110 261 -6 10 
F unieran. uen (1) (1) 98 114 
Other 1 1 165 412 31 70 
Total `. .---------- 7,805 7,508 1,064 2,491 358 655 


See footnotes at end of table. 
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Table 34.—U.S. exports of copper by classes and countries—Continued 


Wire and cable, bare Wire and cable, Other copper 
insulated manufactures ? 
Year and Country — — ——4—ä——ää—ę — MM 
Short Value Short Value Short Value 
tons (thousands) tons (thousands) tons (thousands) 
1969; 8 4, 696 36,456 22, 980 $59,377 4,602 $6,160 
1970: 
Africa * 117 198 1,008 2,609 141 244 
Argentina 177 258 159 449 29 74 
Belgium- Luxembourg. 19 21 82 860 48 128 
razil. DA 244 302 63 257 (1) 2 
Canada 485 585 7,495 23,987 987 1,258 
Chile; u arrasa o is 37 64 395 842 8 
Colombia 24 31 156 433 923 1,806 
Fee 72 96 493 640 171 394 
Germany, West 80 185 385 2,601 63 98 
A A A 14 3 4 
Italy: 2. eee ele s. 1 3 209 1,265 75 251 
Japan 5 13 222 1.021 35 79 
Korea, Republic of 116 184 490 867 9 24 
Mexico 109 134 2, 929 7,064 9 16 
Netherlands 2 5 146 3 11 
cean ia 40 50 340 1,131 5 9 
eru___..........-- 5 16 27 .86 178 (1) 
Philippines 90 110 2,168 3,610 402 397 
pain. -------------- 3 5 (1) (1) 
Sweden 40 74 85 500 2 6 
Switzerland 91 110 97 373 30 32 
a iwann 3 8 165 768 1 2 
United Kingdom 68 111 250 2,101 29 53 
ugoslavia e ease, -22-a 14 50 203 262 
Other 1,143 1,409 6,080 13,821 2,881 3,898 
Totale 2225 aene 2,982 3,983 23,602 66,327 6,057 8,568 


1 Less than 14 unit. 
? Does not include wire cloth: 1969, 842,072 square feet ($480,389); 1970, 1,151,648 square feet ($476,767). 


Table 35.—U.S. exports of copper by classes 


Ore, concentrate, and Blister Refined copper 
y matte (copper content) and semimanufactures 
ear —— W o o e —e— — —s—Eo ”— n ÑMÀ-A 
Short Value Short Value Short Value 

tons (thousands) tons (thousands) tons (thousands) 
1968; u ee Se 64,990 $46,902 15,749 $11,579 297,992 $308,098 
199 8 1,177 1,195 4,340 3,918 236,914 303,386 
E AAA ara a St 61,538 58,366 7,805 7,503 249,217 370,388 

Other copper manufactures ! Total 

Short tons Value (thousands) Short tons Value (thousands) 
EIER reene 4,669 $5,681 383,400 $372,260 
1969 EE 4,602 6,160 247,033 314,659 


. RA 6,057 8,568 324,617 444,825 
1 Does not include wire cloth: 1969, 842,072 square feet ($480,389); 1970, 1,151,648 square feet ($476,767). 
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Table 36.—U.S. exports of copper-base alloy (including brass and bronze), by classes 


1969 1970 
Class Value Value 
Short tons (thousands) Short tons (thousands) 
Ingots. ¿2 cias aio neues $1,030 21 $693 
Scrap and waste 78,338 „517 110, 365 89, 762 
Bars, rods, and shapes. 2, 078 4,019 , 028 5,645 
Plates, sheets, and strips 2,326 7,744 2, 276 7,871 
Pipes and tubing E 1,762 3,317 1,654 3,864 
Pipe fitt ing 3, 520 10, 699 2, 594 8,537 
Plumbers’ brass 1 PFF 1,195 3,142 954 2,785 
Welding rods and wire 1,228 2,723 2,016 4,755 
Castings and forgings. ...............- 1,110 1,620 1,684 2,746 
Powder and flakes. ..................- 1,751 2,837 1,502 2,811 
Polonio ao ls da 1,162 3,566 1,309 ; 
Articles of copper and copper-base 
alloys, ner . (1) 5,834 (1) 4,314 
% u. ese dida ke 94,803 111,048 127,593 138,327 


1 Quantity not reported. 


Table 37.— U.S. exports of unfabricated 
copper-base alloy 1 ingots, bars, rods, 
apes, plates, sheets, and strips 


Value 
Year Short tons (thousands) Year 
1968. essc 8 8,630 $8,472 1968... 88 
19889 4, 737 12,798 1969 MAA 
¡EA 5,515 14,209 19707. A 


1 Includes brass and bronze. 


Table 38.—U.S. exports of copper sulfate 
(Blue vitriol) 


Value 
Short tons (thousands) 
S 927 $718 
e 8,127 2,885 
A 2,485 T, 


Table 39.—U.S. exports of copper scrap, by countries 


Unalloyed copper scrap Copper alloy scrap 
1969 1970 1969 1970 
Country 

Value Value Value Value 

Short (thou- Short (thou- Short (thou- Short (thou- 

tons sands) tons sands) tons sands) tons sands) 
A üsta a id, 692 $524 1,904 $1,861 
Belgium- Luxembourg 1,593 $1,298 4,004 $3,204 15,936 12,590 17,154 13, 430 
Canada „834 ^ 1,301 1,052 4,250 8,685 8,688 8,225 
rr 8 26 21 43 2 200 
Germany, West. ........- 870 788 4,242 4,045 17,494 16,260 18,751 16,676 
/ 27 23 239 257 98 91 210 236 
Taree) ͤĩ¹1wrw;ͥ V-W ³ m ` dee 1,134 1,072 362 262 1,991 1,686 
e ous 243 177 861 692 7,740 5,576 9,149 6,998 
JAPAN. ncc i secus 1,204 1,068 2,133 2,069 24,702 19,181 45,309 36,232 
ö 8 22 19 17 14 253 283 729 735 
Netherlands, 71 86 86 94 719 890 876 881 
Spain___ nas 479 406 496 557 2,833 2,656 3,240 2,907 
Sweden 20 27 26 24 1,931 1,319 3,322 1,968 
United Kingdom 82 83 712 626 547 506 2,051 1,643 
Yugoslavia 1,083 1,110 1,077 1,819 93 119 188 181 
Goo AA 64 69 201 182 645 583 1,559 1,402 
Total...........-- 7,592 6,793 16,555 15,228 78,338 64,519 110,365 89,761 


Table 40.—U.S. imports for consumption of copper scrap, by countries 


COPPER 


Unalloyed copper scrap (copper content) 
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1969 1970 
Country 
Value Value 
Short tons (thousands) Short tons (thousands) 
Bahamas s 2 320 36 317 
Canada. cto de a cos co r 3,260 r 3,057 472 528 
Chile MARI EE A 81 97 95 104 
Dominican Republic 104 87 35 31 
e EE 7 Oe xz 
Germany, Wett 2 8 7 13 
Guatemala... o ooo cl. 8 7 47 86 
Honduras 65 64 85 87 
ADAM Oir as 6 | M rae 
Mexico- ts r 1,953 r 1,644 1,345 1,025 
Netherlands 1 2 4 8 
PASA oi id a ai euius 20 18 5 5 
DOU ERRARE HERMAN locum 73 57 
United Kingdom. . .............-..--. r 45 r 67 82 117 
M/ cond ut usus =u 112 101 22 16 
Total ocean tias r 5,692 r 5,183 2,308 2,044 
Copper alloy scrap 
1969 1970 
Gross Copper Gross Copper 
weight content Value weight content Value 
(short (short (thou- (short (short (thou- 
tons) tons) sands) tons) tons) sands) 
Bahamas 25 20 316 36 24 $33 
( ³˙AA A 2,346 1,493 1,685 1,978 1,292 1,555 
Dominican Republic.................. 109 81 65 43 31 26 
uatemala oo 10 8 7 120 103 86 
AA A A 421 385 296 308 225 188 
Panani..- 222222222.) 22 33 22 21 21 14 14 
United Kingdom. .................... 2" 9 CCC 
Rhett E 23 17 14 27 22 23 
rf ˙·Üo¹²ꝛͥ AAA 2,994 2,035 2,109 2,528 1,711 1,925 
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Table 41.—U.S. imports 1 of copper (unmanufactured), by classes and countries 
(Short tons, copper content, and thousand dollars) 


Ore, concentrates Matte Blister 
Year and country 


Quantity Value Quantity Value Quantity Value 


¿AA A eda oe 27,050 $26,280 509 $490 270,718 $227,814 
1969: 
Australia_________ cera cacis 1,662 ¡2 E 558 599 
Canada ---------------------- 8,862 8,523 319 414 71 72 
A AAA IN AE A 8 100,768 82,980 
M .. ai 89 earen, 8 2,816 : 
Perü- 22222 222b Eu ae 9,664 12,008. //ꝗhꝗ0fſ 8 107,385 120,367 
South Afri J ] ðxV 18,267 23,807 2 F ĩ add 
South Africa, Republic of. fkk... 25, 160 21,184 
77 8 180 128 3 3 1,191 E: 
Total, oa 38,724 46,075 324 419 237,949 229, 865 
1970: 
Australia... lr cae 1,836 / ³¹ðW * dal rl: ese 
Belgium-Luxembourg............. ..-:...-- memo rn -------- 22 82 
Canada REA 3,395 4,250 1,047 1,300 119 115 
CJ! x Uria atlas 97 , 952 93,531 
JAPAN a ß A rs dere: y 
MexicO rs leones suso id 135 Jö ` AE 2,504 3,011 
5 Raf uL ae ecu P atar. dose ais 
ini!!! opa 8,949 IJ A 94,868 115,350 
ees EE 18,700 29- 391. EI epee, A eee 
South Africa, Republic fkk. 28,946 33,855 
AA ù§ 8 220 54 53 89 5 9 
Totale pu2 u usos 32,741 40,394 1,100 1,389 224,416 245,903 
Refined Scrap Total 
Quantity Value Quantity Value Quantity Value 
e AA 8 400,278 $485,257 11,420 $11,952 709,975 $701,798 
1969: 
Australian. 5, 601 6,062 (2) (2) 7,821 8,195 
Belgium-Luxembourg. ............ 473 634 22 22 495 656 
Canada cuina cl a 84,941 80,781 r 3,260 r 3,057 797,453 r 92,847 
„„ Ee 21,470 19,980 81 97 122,819 108,057 
Germany, Weste 2,574 3,619 2 8 ,576 ; 
Mexico 248 333 r 1,953 r 1,644 r 5, 106 r 5,047 
F EE 222 320 1 22 322 
A ⁰y eat A 4,372 5,6588 T 121,421 138,028 
philippines a eka qu ats un "e aia Tis. usu D c 18,269 23,809 
South Africa, Republic of.......... ........ ........ „„ „ã 25,160 21,184 
United Kingdom FFC 3, 950 5,217 r45 r 67 r 8,995 r 5,284 
Vugosla via 1,663 rr "rada 1,663 2,145 
(AT EENG 999 , ad Sa s 999 1,389 
Other ocur es ar ii 4,658 6,485 r 328 r 291 r 6,360 r 8,580 
Total EE 131,171 132,578 r 5,692 r 5,183 r 413,860 r 414,115 
1970: 
Australia _-.-------------------- 1,654 / / as 2, 990 3, 995 
Belgium- Luxembourg 1 A A PERA 23 34 
Sn. ð ee e a es 91,814 99,245 470 528 96,845 105,438 
! a ma as eta 16 , 928 16,267 esla Es 114,880 111,798 
J7///§;à¹¾: . ß 13, 132 14,990 h 88 13, 138 14,992 
MEXICO ĩð v ĩ 377 477 1. 345 1.025 4.861 4,601 
Mozambiquͥè eee 750 1,029. ·ͤ 8 750 , 
Peng EE 6,209 o A 110,026 134, 609 
Fill ³ ᷣ 18,700 23,391 
South Africa, Republic offt k ««„««„«„«öG l„„„ 28, 946 33, 855 
United Kingdom 59 76 31 79 90 155 
E ß 1,102 Lol: ĩðù 8 1,102 1,217 
rr 88 117 145 234 209 629 506 
Total. ³˙¹¹. ä ona nada 132,143 146,098 2,080 1,841 392,480 435,620 
r Revised. 


1 Data are general imports; that is, they include copper imported for immediate consumption plus material 
entering the country under bond. 
2 Less than 2% unit. 
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Table 42.—U.S. imports for consumption of copper (copper content) by classes 


(Short tons and thousand dollars) 


Ore and concentrates Matte 
Year — — — — — 
Quantity Value Quantity Value 
pol TERT 71,884 366,291 8 $4 
1909 EM 3,588 3,274 6 17 
aE Ci SEENEN 64,540 77,367 247 346 
Refined Scrap 
Quantity Value Quantity Value 
1J!küküü ⁵³ĩðA¼ KH 403,630 $438,608 11,571 $12,117 
A y 8 131.171 132, 573 r 5,692 r 5,183 
Jh aa 132,143 146,093 2, 308 2,044 


Blister 


Quantity Value 


274,180 $224,013 
241,712 233, 265 
224,289 245,778 


Total value 


$741,083 
r 374,312 
471,628 
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Table 43.—Copper: World mine production, by countries 1 


(Short tons) 
Country 1968 1969 1970 p 
North and Central America: 
Canada EEN r 633,312 573,244 676,006 
C yd do E I 8,300 : 
Dominican Republik kd e 117 526 468 
A C ooo e Su LM k r 1,761 1,981 1,870 
J cee et aQ aos Zulu ss Ri muu u a 67,362 72, 934 68,361 
e TT, TEE 12,695 4,583 8,705 
United ; ³ ð «ð hſ mn 1,204,621 1,544,579 1,719,657 
South America: 
Argéntina- EE r 463 503 e 510 
HOlvia AA eene ⅛ ee ß y y eA 7,861 8,800 9,655 
Brosi A A A A RA r 8,000 r 4,500 4,870 
UE EE 734,870 770,598 755,700 
Colombia EEN 8 220 
CUA GOR ENEE 614 588 e 600 
Per EA A a S Qasa AN LE Ee 234 ,282 219,143 233,751 
Europe: 
bania AAA AA ea nete A ee as 5,986 5, 756 6,160 
KE Ae EEN r 2,278 2,589 ` 2,498 
7 EE EEN r 41,100 43,800 e 44,000 
CGeechoelovakia ~~~ ee r 5,148 5,423 e 5,500 
Finland. ENEE ES r 83,129 86,525 84,883 
e A A E A O 431 429 384 
Germany, East _ _ 2L LLL c 22222222 eee r 21,000 21,000 22,000 
órmany Weal Eeer o o 1,475 1,592 1,404 
JJ EE r 7,470 6,801 : 
Dah ERR ¼ : . EEN r 2,535 2,436 2, 524 
Norway ³QAAhſ / ³ i ee 18,492 23,307 21,988 
H ³A.. MQ. ³⅛·²¹m ] •m» SS EECHER r 29,800 ; 79,000 
Portugal 5... uu y 4,984 4,491 5,532 
Romania MA ³ AA ⁰y 5, 500 5, 6, 600 
Spain o cos etek EE r 9 221 11,626 10,067 
A EE 20,076 27,723 25,500 
e ß . EG r 570, 000 1 610, 000 630, 000 
Yugoslavia__ i eee e . iaa r 77, 699 90, 032 100, 099 
Africa: 
Alger. oz d d O 870 599 636 
JJ%JJJJJJ0J0ͤͤͤĩÜ0iàũö᷑ĩ K ae 222 13 
Congo (Brazzaville) ͤ—r 868 122 
Congo (Kinshasa). . . . ... .... ......-- 357,700 393,421 425,138 
JC E !!!! ......“ 42 85 87 
Morocco... oo bb r 8,359 2, 507 3,167 
h EE 
Rhodesia, Southern r 21,500 21,000 22,500 
South Africa, Republic o r 141,351 139,096 164,469 
South-West Africa, Territory of 77777 r 84,691 30,450 29,406 
LEIT VETA AR AN INN e EUN a r 20,841 21,428 21,119 
5 J CT r 782,911 824,658 ‘4 753, 968 
UU ͥͥͥ⅝ ͥͥͥRʃͤ ⁵˙0ũ . ͥ ⁰ . as 44 44 44 
China, mainland e coco r 100,000 * 110,000 110,000 
Cyprus E. oco a a K Ea tadas r 18,780 18,996 20,019 
EN IN m O RR r 10,221 11,373 11,312 
ke A A A A A r 679 568 796 
E EENEG r 11,834 11,776 12,112 
Japan u u A A EE 132,202 133,516 136,851 
Korea, North oo r 13,000 r 13, 000 14, 000 
Korea, Republic off r 1,324 1,466 1,807 
FFP EE ⁵ A 8 121, 557 144,872 160,303 
Taiwan r 2, 500 2, 500 2, 700 
1 %%% ò ↄ ⁵ ↄ dd EENEG r 81,772 29,072 30,010 
KU A A IL AN r 120,390 144,776 160,551 
¡Y AAA NAAA SR A AAA 653 ATZ uuiiukec 
New Zealand. 55 TT 51 
7%%ö%õ˙%⁵ ñẽ ꝓꝓy o . ð!1 ð ̃᷑ eo E r 5,640,921 6,212,998 6, 566, 643 


e Estimate. » Preliminary. r Revised. . 

! Data presented represent copper content (recoverable where indicated) of ore mined wherever possible. 
If such data are not available, the nonduplicative total copper content of ores, concentrates, matte, metal 
and/or other copper-bearing products measured at the least stage of processing for which data are available 
has been used. 

2 Recoverable. 

s COMIBOL production plus exports by medium and small mines. 

4 Smelter production. 

5 Includes copper content of cupriferous pyrites. 

6 Excludes an unreported quantity of copper in iron pyrites which may or may not be recovered. 

7 Output of Tsumeb Corporation Ltd. only for years ending June 30 of that stated. 

8 Year beginning March 21 of that stated. 
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Table 44.—Copper: World smelter production, by countries 1 
(Short tons) 


Country 1968 1969 1970 p 
North America: 
e E TEEN r 524,424 449 , 232 548 ,070 
N ³o¹¹ mt mts oe E r 61.532 63, 264 65,360 
United States 22 r 1, 266, 478 1,585,491 1,641,338 
South America: 
ß ͤ ³.³ ig Lise ule ce act asan sas 3,850 8,583 e 4,200 
Chilgá- z T er erus eu i et ecc een , 691,646 729, 496 713,415 
Péri zu a .. rms x OE r 205,167 186, 034 194, 406 
Europe: 
7%õõĩÜ—Üöͤ. r A eee 5, 986 5, 756 6,160 
AUSLES ee e es eee 19,862 21,204 24,806 
eee, e ß 11,000 11,000 11,000 
Bulgaria. ß e uc e e aa e Y r 42,100 42,000 46,000 
Czechoslovakda ------ ooo r 15,525 18,123 e 19,000 
AT WEE 39,567 37,343 87,530 
Germany, East oo ooo coco ooo r 21,000 r 21,000 22,000 
Germany, West --------------------------------a r 105,500 102,400 93,000 
Hun AER AAN AAA ⁵ ⁵ĩůüã 8 12.600 12,000 6,917 
Norway ca dl e a a D Ate i sa, 25,995 30,743 35,375 
Poland- EE r 48,100 60,800 79 ,600 
Romania AA EE 5,500 5,500 6,600 
SI O 88 r 50,460 41,469 43,899 
O NO RR ee 51,458 57,054 56,440 
JA A yk y A r 570,000 r 610,000 680,000 
Yugoslavia ss ass a e nue r 80,347 102,095 116,736 
Africa: 
Congo (Kinshasa). . .... o ooo r 359,904 400,974 424 ,988 
Rhodesia, Southern e gh hh 19,000 21,000 22,000 
South Africa, Republic of. r 150,700 140,300 151,300 
South-West Africa, Territory of 35,706 80,297 81,519 
¡AA AAA ͥͤ ãy y LLL DM S a 17,192 18,259 18,693 
re Zambia. as oe oa eui ete y ene thee r 733,153 823,959 753, 968 
ia: 
China, mainland. . ................ LLL Loc LLL lll csl 2222 110,000 110,000 110,000 
Bd ul nounou 7ð x y ( d 8 10, 236 10, 749 10,264 
Japani MEM ETC 604,513 693 , 524 777,407 
Korea, North e_____ ⅛ ⅛ «-- ete ue 13,000 13, 14,000 
orea, Republic ok 5,022 6,856 5,600 
117 ts a wee 2,802 3,576 4,136 
PPMP A A r 27,949 25,904 20,894 
Oceania: Australia r 103,548 128,071 122,326 
dk d EE r 6,050,822 6,621,556 6,863,947 


e Estimate. p Preliminary. r Revised. 

1 Unless otherwise noted, data presented for each country represent the sum of production of primary blister 
copper, primary refined copper of nonblister origin, and any primary refined copper derived from unreported 
quantities of domestically smelted blister copper. 

2 Smelter output from domestic and foreign ores, exclusive of that produced from scrap. Production from 
domestic ores only was as follows: 1968—1,234,724; 1969—1 , 547, 496; and 1970—1, 605, 265. 

3 Includes 55 copper (production from scrap). 

4 Data are the nonduplicat ive sum of: (1) the copper content of blister copper production for sale as such; 
(2) the copper content of blister copper produced for refining in Chile at the Ventanas refinery; and (3) the 
copper content of fire refined and electrolytic copper (including copper obtained by electrowinning) excluding 
electrolytic output of the Ventanas refinery. 

5 Belgium reports a large output of refined copper, but this is produced largely from imported blister; esti- 
mate of domestic smelter production is based chiefly on reported imports of ores and concentrates. 

6 Series revised from that used in previous editions of this chapter. Data presented consist only of blister and 
anode copper produced from domestic and imported ores and concentrates. Figures in previous editions were 
refined metal production including that derived from domestically produced and imported blister and from do- 
mestic and imported scrap. 

1 Reported Norwegian copper output is derived in part from copper-nickel matte imported from Canada, 
and reported Canadian smelter production may also include this material. Norwegian smelter output from 
domestic ores was as follows (approximately) in tons: 1968—6,000; 1969—6,400; and 1970—-6,300. 

s Year ending June 30 of that stated. 


Exports of copper, by principal types 


1970 p 


Refined 


Electro- Fire 


lytic refined 
21, 20 4,900 


14,900 ^ 1,300 
10,500 1,600 


59,400 18,100 
14,400 1,200 


Blister 


2,100 


31,200 
96,100 


Total 


108,700 
111,700 
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Table 45.—Chile: 
(Short tons, copper content) 
1969 
Refined 
Destination 
Electro- Fire Blister Total 
lytic refined 
Argentina 25, 700 6,200 ....... 81,900 
Austria 1,000 ....... —- rodar 1,0 

Belgium 10, 600 1,300 1,000 12,900 
Brazil.................-- 11,000 500 ....... 11,500 
Colombia 1 300 ....... 400 
Denmark 1:900- J.-L a 1,900 
Finland. dad 1,700 2222222 _ 1,700 
France.................- 84,900 21,800 ....... 56,200 
Germany, West 90,500 15,300 27,700 133,500 
röta ono oec é Anm .... 
Italy... da ada 48,900 21,100 2,000 72,000 
J 24, 550 28,600 53, 100 
Netherlands Kn 000g coisas 1,000 
orwaye cee 5,100 222222 Sets 5,100 
SCC eee 6,600 1,400 4,300 12,300 
Sweden 18, 800 9,200 7,800 35,800 
Switzerland 1,900 1,500 ....... 3,400 
United Kingdom 64,800 18,900 39,900 123,600 
United Staten 25,900 ....... 95,900 121,800 
Ohe Eee 100 ....... 100 
Totaal 374,900 97,100 207,200 679, 200 


383,500 101. 500 


209,600 


694, 600 


p Preliminary. 


ource: Corporación del Cobre de Chile. 


Table 46.—Peru: 


(Short tons) 


Blister Refined Other 


1968. ..... r 162,727 42,489 

1969. 147,628 37,991 

1970»_.... 154,526 39, 879 
r Revised. p Preliminary. 


Copper production 


Total 


r 29,116 234,282 
88,524 219,148 
39,846 233,751 


Table 47.—Canada: Copper production 


(Short tons) 
Province 1969 
British Columbia......... 83, 708 
Manitoka ....---------- 37,097 
New Brunswick k 6,791 
Newfoundland............ 20,464 
Northwest Territories 626 
Nova Scotia 19 
ntario 238,810 
A 160,068 
askatchewan. ..........- 18,230 
Yukon Territories 7,433 
Total___ e266es 578,246 
p Preliminary. 


(all sources) by Provinces 1 


1970 p 


109,647 
51,446 
7,933 
15,411 
543 


27 
291,909 
173,534 

15,548 
7,750 


673, 748 


1 Blister copper plus recoverable copper in matte 
and concentrate exported. 
Source: Dominion Bureau of Statistics, Depart- 
ment of Trade and Commerce, Dominion of Canada, 
Canada's Mineral Production, Preliminary Estimate. 


1970. 


Diatomite 


By Benjamin Petkof * 


Domestic production of diatomite contin- 
ued strong in 1970 with output only 
slightly under that of the previous year. 
The United States retained its position as 


a major world producer with all produc- 
tion from the Western States. A significant 
portion of domestic output was exported 
to nations throughout the world. 


DOMESTIC PRODUCTION 


Production of diatomite increased in all 
the Western producing States except Cali- 
fornia, where a slight decline was noted. 
However, California remained the largest 
producing State, followed by Nevada, 
Washington, Arizona and Oregon. 

During the year, nine companies operat- 
ing 11 plants produced and prepared di- 
atomite for various end uses. This was a 
decline of three producing companies from 
the number reported in 1969. Johns-Man- 
ville Corp., with facilities near Lompoc, 
Calif.; GREFCO, Inc., with operations in 


Esmeralda County, Nev. and Santa Barbara 
County, Calif.; and Eagle-Picher, Indus- 
tries, Inc., with operations in Pershing and 
Storey Counties, Nev. supplied the bulk of 
the diatomite produced during the year. 
The Kenite Corp., Scarsdale, N.Y., which 
has large reserves of diatomite in Grant 
County, Wash, and a modern processing 
plant at Quincy, Wash., was sold to 
Whitco Chemical Corp., N.Y., during the 
first half of the year. The Kenite Corp. 
will continue operations as a wholly owned 
subsidiary of Whitco Chemical Corp. 


Table 1.—Diatomite sold or used by producers in the United States 


1960-62! 1963-65! 1966-68! 1969 1970 
Domestic production (sales) short tons 1,446,625 1,740,833 1,881,877 598,482 597,636 
$50. 08 $50. 40 $54. 18 $60. 96 $54. 63 


Average value per ton 


1 Annual figures before 1969 are confidential. 


CONSUMPTION AND USES 


The percentage of total consumption for 
various end uses changed only slightly 
from 1969. Filtration continued to be the 
major use and required almost three-fifths 
of the total material sold or used by pro- 
ducers in 1970. The quantity used for this 
purpose increased only slightly from that 
of 1969. Almost one-fifth of total produc- 
tion was used as industrial filler by the 
chemical industry. The quantity used for 
this purpose declined slightly from that of 
1969. "The remainder was used for insula- 


tion, lightweight aggregates, pozzolans, soil 
conditioner, and other miscellaneous uses. 


Table 2.—Domestic consumption of 
diatomite, by principal uses 
(Percent of total consumption) 


Use 1966 1967 1968 1969 1970 
Filtration........ 46 48 55 58 58 
Filers........... 20 18 21 20 19 
Insulation 5 4 4 4 4 
Miscellaneous. 29 30 20 18 19 

1 Physical scientist, Division of Nonmetallic 


Minerals. 
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PRICES 


Prices of diatomite in 1970 varied signif- 
icantly from those of 1969. Price declines 
in excess of 10 percent were noted for uses 
such as filtration, fillers, and abrasives. 
Uses such as lightweight aggregate and in- 
sulation showed small increases in price. 
These price variations may be indicative of 
changing end-use patterns and possible use 
of substitute materials. 


Table 3.—Average annual value per 
ton of diatomite, by uses 


Use 1969 1970 
Filtration 370.14 $61.67 
Insulation 46.12 47.84 
Abrasive nns 134.19 119.19 
Files 61.26 53.26 
Lightweight aggregate 39.30 42.08 
Miscellaneous 33.16 33.58 

Weighted average....... 60.96 54.63 


FOREIGN TRADE 


Exports of prepared diatomite in 1970 
declined almost 13 percent in quantity and 
8 percent in value from those of 1969. 
Canada received about one-fifth of U.S. ex- 
ports. The remainder was exported to 
many other industrial and nonindustrial 
countries. The average value of exported 
material was $80.28 per ton. Imports of 
crude or processed diatomite totaled 484 
tons valued at $6,082. Canada and West 
Germany were the major sources of these 


WORLD 


World diatomite production remained 
strong in 1970, and varied only slightly 
from the production of previous years. The 
United States, the U.S.S.R., France, Italy, 
and West Germany continued as major 
world producers. 

Canada.—Since 1955, all Canadian pro- 
duction has come from the Quesnel area 
in central British Columbia. Fairey and 
Co., Ltd., mines diatomite north of Ques- 
nel and ships the material to a processing 
plant in Vancouver, where it is used in 
the manufacture of insulating brick. 
Crownite Industrial Minerals, Ltd., a sub- 
sidiary of Dome Petroleum, Ltd., mines and 
processes diatomite and pozzolanic shales 


imports. The imported material was prob- 
ably used to evaluate foreign sources of 
diatomite. 


Table 4.—U.S. exports of diatomite 


(Thousand short tons and thousand dollars) 


Year Quantity Value 
1968; eege 164 $11,998 
1969 ; 2 9 Spese 8 176 13,510 
AA Bo Duss 154 12,363 
REVIEW 


from deposits west of Quesnel and pro- 
duces a burnt shale pozzolan that is used 
as a construction material. 

Iceland.—Kisilidjan H.F., a firm formed 
by the Government of Iceland and Johns- 
Manville to mine and process diatomite 
from the bottom of Lake Myvatin, in- 
creased its production capacity from an in- 
itial 13,000 tons per year to 22,000 tons 
per year in 1970. Because of the country's 
climate, material is dredged only during 
the summer season. Volcanic ash and or- 
ganic matter are removed before further 
processing. The processed diatomite is then 
transported to Europe for sale and con- 
sumption. 
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Table 5.—Diatomite: World production, by countries 
(Short tons) 


Country ! 1968 1969 1970 p 
North America: 
añada. ani ͥ ͤddꝗ́fſ 521 487 e 480 
Costa A IA t 11,000 e 17,000 21,000 
E ¼ ß 2. ͤ v.. ĩé . 8 10, 961 12,318 e 12,000 
United s ] ⅛ð ͤ 2 627,292 598,482 597,636 
South America: 
Arni ia blas ecc 7,217 11,897 e 11,000 
P'er sia a tia Dl at r 8,331 23,432 e 23,000 
Europe: 
o AA %” ¹;½ꝓ eek 3,284 1,946 4,158 
Denmark: 
DIatomite cias ta ii ii 22,000 22,000 22,000 
// Cee tore eee dae emo. 240,000 240,000 240,000 
IA AA EE 2, 2,006 734 
ES nuit a ͤ⁰ydu y ea ales r 188,109 e 187,000 e 190,000 
Germany, West (marketabledgꝛg r 101,249 e 125,302 100,924 
Icelànd. curs i ⁰ ⁵ y é . ida 3,081 8,378 14,593 
A EE ce A pee es ate pl eh ere r 63,426 65,848 e 66,000 
A A yx ⁊ ee y 8,871 3,124 3,394 
JE IIA A be 20,000 20,000 20,000 
hn EE 8 r 3,803 e 3,850 e 3,850 
J%J%%00%%%ͤT Z-: O 400, 000 400, 000 410, 000 
United Kingdom. ! r 16,465 e 17,000 e 17,000 
Africa: 
C11;§ͤ II s EU t 23,553 11,624 e 12,000 
Kenya AAA RR 2,265 2,538 1,765 
South Africa, Republie off. r 687 567 935 
United Arab Republic ü ENE 8 1, 846 992 e 1,000 
Asia: Korea, Republic off 2,441 3,214 2,848 
Oceania: 
) ia tl Beale ee SE es r 7,532 8,752 e 4,000 
New Zealanſſdſdſiſiiiiii 2,277 2,384 e 2,400 
/ A r 1,767,844 1,784,641 1,782,717 


e Estimate. p Preliminary. r Revised. 


1 In addition to the countries listed, Brazil, Bulgaria, Colombia, Hungary, Japan, Mozambique, Romania, 
and Yugoslavia produce diatomite, but available information is insufficient to make reliable estimates of output 


levels. 
2 Average of production for three years (1966-68). 


TECHNOLOGY 


Experimental laboratory work has shown 
that coarse grades of diatomite can be 
coated with absorptive material, such as 
alum or polyelectrolytes, to filter fine par- 
ticulate matter which would normally re- 
quire much finer and more expensive 
grades of diatomite. Material from many 


low-grade domestic deposits might be made 
usable by the application of a suitable ab- 
sorptive coating. No cost information was 
furnished.2 

2 Burns, D. E., E. R. Baumann, and C. S. 
Oulmam. Particulate Removal on Coated Filter 


Media. J. Am. Water Works Assoc., v. 62, No. 2, 
February 1970, pp. 121-126. 
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Feldspar, Nepheline Syenite, 
and Aplite 


By J. Robert Wells 


FELDSPAR 


The year 1970 was notable for the num- 
ber and variety of activities instituted by 
citizens’ groups, private corporations, and 
Government agencies to correct the environ- 
mental deterioration being engendered by 
waste products. As the manufacture of con- 
tainer glass has become solidly established 
as the leading end use for feldspathic ma- 
terials in the United States, the evolution of 
practical and publicly acceptable measures 
for coping with the waste glass problem is 
of vital concern to the feldspar industry. 
Research programs by the Bureau of 
Mines, the Glass Container Manufacturers 
Institute, Inc., and the Glass Container Di- 
vision of Owens-Illinois, Inc., endeavored 
to devise effective and economic procedures 
for collection and reuse, recycling, or alter- 
nate utilization of discarded glass contain- 
ers. Some of the proposed remedies would 
channel the bottles into end uses that 
would not threaten the advantages to the 
consuming public of the single-trip con- 
tainer, specifically the superior convenience 
and the hygienic integrity. 


DOMESTIC PRODUCTION 


Crude Feldspar.—In 1970, feldspar was 
mined in 11 States, among which North 
Carolina, California, Connecticut, South 
Carolina, and Georgia (ranked according 
to tonnage reported) jointly provided 94 
percent of the total domestic output. The 
1970 production figure represents a 4-per- 
cent decline in tonnage but a 9-percent in- 
crease in total value, compared with 1969. 
The notably higher total value was attrib- 
uted to marked unit-value increases in 
three producing States that, aided by lesser 


gains in several others, more than can- 
celled two moderate declines. 

Ground Feldspar.—Feldspar was ground 
for market in 1970 in 15 mills located in 
eight States, among which North Carolina, 
the leading producer, was followed in 
order by Connecticut, California, and 
South Carolina. Taken together, these four 
States contributed about 88 percent of the 
national total. The ground product was 
distributed to about 30 States and four 
foreign countries. 

The year 1970 was marked by a number 
of noteworthy changes in the feldspar in- 
dustry. The Feldspar Corp., the largest do- 
mestic producer, completed and placed in 
operation a $1 million addition to an ex- 
isting plant at Spruce Pine, N.C. Construc- 
tion progressed on a new mill at a differ- 
ent location that will increase substantially 
the feldspar production capacity of 
International Minerals and Chemical Corp. 
in that district. Another major feldspar 
supplier—also in North  Carolina—the 
Kings Mountain Silica Co., Inc., announced 
the completion of a new grinding plant 
and storage facilities for its flotation con- 
centrate product at Kings Mountain. In 
addition to the production of high-potash 
spar for manufacturing TV-tube glass, the 
Kings Mountain operations were extended 
to include the ultrafine grinding of feld- 
spar-silica mixtures for ceramic and filler 
applications. Discovery of an extensive de- 
posit of good-quality feldspar near Shosh- 
oni, Wyo., established production in that 
State. A modern grinding mill was built to 
process the ore, which is said to be abun- 
dant and of exceptional purity. 


1 Physical 


scientist, Division of Nonmetallic 
Minerals. 
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Large-scale feldspar production and 
processing were interrupted in Maine 


when the Oxford County properties and 
facilities of Bell Minerals Co—for many 
years the State’s principal feldspar produ- 
cer and only grinder—were purchased in 
September 1970 by the Aldrich Realty Co. 
of West Paris. Plans were announced for 
an early resumption of operations by the 
new management. The West Paris mill of 
Bell Minerals Co. has long been the proc- 
essing point also for feldspar from mines 
in New Hampshire. Presumably as a fur- 
ther consequence of the events in Maine, 
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no feldspar production in New Hamp- 
shire was reported in 1970, the first such 
blank in half a century. In South Dakota, 
diminishing availability of feldspar for 
convenient upgrading by hand cobbing led 
International Minerals and Chemical Corp. 
to devote greater effort to the production 
of 140-, 200-, and 325-mesh high-potash 
spar for ceramic purposes instead of the 
20-mesh glass-grade material formerly 
shipped. The company also began a study 
to determine the feasibility of installing flo- 
tation facilities for processing the feldspar 
ores in the near future. 


Table 1.—Salient feldspar statistics 


1966 1967 1968 1969 1970 
United States: 
Crude: 
Sold or used by producers long tons.. 655,452 615,397 667,679 673,985 648,276 
ll. thousands.. 57,020 $7,086 $8,265 $8,869 89,638 
Average value per long ton 10.71 $11.51 $12.38 $18.16 $14.87 
Imports for consumption. ........... long tons 2830 — 46 225 
CCC thousands $8 ......- $7 $23 
Average value per long ton $28.04 ........ $158.36 $102.22 
T Consumption apparent long tons.. 655,452 615,677 667,679 674,031 648, 501 
round: 
Sold by merchant millas short tons.. 703,587 668,220 780,737 798,052 647,995 
hh. e thousands.. $8,944 $8,843 9,242 $10,465 $9,458 
Average value per short ton $12.71 $13.33 12.65 $18.20 $14.60 
Imports for consumption long tons.. 3,243 2,783 3,377 4,6 3,247 
Il. ste aa aia thousands.. $86 $72 $91 $128 $93 
Average value per long ton $26.52 $26.00 $26.86 $27.72 $28.64 
World: Production thousand long tons.. 2,116 2,005 2,208 2,345 2,298 


1 Measured by quantity sold or used by producers plus imports. 


Table 2.—Crude feldspar sold or used by producers in the United States 


Derivation of feldspar ! 


Flotation Feldspar-silica 
Year Hand-cobbed concentrate mixtures 2 Total 
Long Value Long Value Long Value Long Value 
tons (thou- tons (thou- tons (thou- tons (thou- 
sands) sands) sands) sands 
1966 22sec 8 116,936 $997 407,450 $4,803 131,066 $1,220 655,452 $7,020 
e A ee 97,40 848 385,005 4,900 132,983 1,338 615,397 7,086 
1968. ⁵ AA 8 78,401 670 427,770 5,845 161,508 1,750 667,679 8,265 
19689. A A eek 60,685 494 331,519 4,912 281,781 3,462 678,985 8,869 
Är d BEE 47,116 543 370,603 5,395 230,557 3,699 648,276 9,638 


1 Partly estimated. 
2 Feldspar content. 


Table 3.—Ground feldspar sold by 
merchant mills 1 in the United States 


Domestic feldspar 


Year Mills 
Short Value 
tons (thousands) 
1966 19 703, 587 $8,944 
19 19 663,220 8,843 
1968 17 730,787 9,242 
1969 17 793,052 10,465 
1970__________ 15 647,995 9,458 


1 Excludes potters and others who grind for con- 


sumption in their own plants. 
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Table 4.—Ground feldspar sold by merchant mills in the United States, 
by derivation 1 and uses 
(Short tons) 
e Glass Pottery Enamel Other Total Glass Pottery Enamel Other Total 
ear 
Hand-cobbed Flotation concentrate 
1966....... W 54,678 W 61,090 115,768 281,595 W W 203,819 485,414 
196722 W 38,539 W 61,473 100,012 282,861 W 222422 178,754 461,615 
1968....... W 25,300 W 59,543 84,843 286,895 N 223,412 510,307 
1969_______ W 26,538 W 49,592 76,130 312,045 W W 212,597 524,642 
1970. ...... W 18,488 W 27,967 46,455 304,279 W. asu 200,858 505, 137 
Feldspar-silica mixtures 2 Grand total 3 

1966....... W N 102,405 102,405 378,464 207,209 36,151 81,763 703,587 
1967 W W 101,593 101,593 379,660 208,626 15,304 59, 630 668,220 
19688 — W b MBA 135,587 135,587 396,758 240,251 20,759 72,969 730,737 
1969. W W 192,280 192,280 445, 548 241,800 26,005 79,699 793,052 
1970 „ W W ....-- 96,403 96,403 357,196 232,921 10,432 47,446 647,995 


W Withheld to avoid disclosing individual company confidential data; included with “Other.” 


1 Partly estimated. 
2 Feldspar content. 


3 “Other” includes soaps, abrasives, and other ceramic and miscellaneous uses. 


CONSUMPTION AND USES 


Crude Feldspar.—There is practically no 
commercial consumption of crude feldspar 
directly in the condition in which it 
emerges from the mine. Virtually all the 
mined material is subjected to some degree 
of processing to prepare it for the needs of 
industry. A limited number of users, how- 
ever, continued in 1970 their accustomed 
practice of acquiring minor quantities of 
unground mine-run feldspar to be grouhd 
separately in their own mills to specifica- 
tions dictated by their particular purposes. 

Ground Feldspar.—Apparent consump- 
tion of ground feldspar in the United 


States in 1970, as reckoned by the quantity 
sold by domestic merchant mills plus the 
quantity imported for consumption, was at 
the lowest level in 7 years and amounted to 
18 percent less than in 1969. Of the total 
quantity sold in 1970 by U.S. grinders, 55 
percent was consumed in the manufacture 
of glass, 36 percent for pottery, 2 percent 
as an ingredient in enamels, and 7 percent 
for miscellaneous minor uses. Detailed in- 
formation is not available concerning the 
end-use distribution of the imported min- 
eral, but glassmaking is also known to be 
the chief outlet for Canadian nepheline 
syenite. 


Table 5.—Ground feldspar shipped from merchant mills in the United States 
(Short tons) 


Destination 1966 1967 1968 1969 1970 
Californian 109, 126 100, 235 W W W 
r . as 63, 038 59, 837 64, 628 51,899 44,801 
Indiana. A w w 25,897 21,944 23,853 
Kentucky. `, 7,052 15,433 10,180 9,077 15,004 
Maryland...................-.-- w w w 5,057 
Massachusetts 3,980 3,539 3,896 4,072 W 
Michigan W W 1,488 W 
Mississippi —:7i˙El.t 7,845 8,685 8,931 15,187 
New, Jersey, 71,057 w w W 
New York... .. . ooo. W W 20,311 19,668 W 
ODO A 8 70,294 72,701 87,202 120,756 94,010 
Oklahoma. o oooocococooooo... W 18,385 31,203 14,200 
Pennsylvania 30, 628 26,188 27,333 23,566 21,884 
Tennesse 36, 002 32, 998 26, 898 29, 153 
KT AA 26,183 23,269 24,449 21,776 32,365 
West Virginia w 34,720 29,465 30,339 
Other destinations 1_____ 286,227 321,175 378,153 415,047 356,352 

o 703 , 587 663 , 220 730,737 193,052 647,995 


W Withheld to avoid disclosing individual company contidential data; included with “Other destinations.” 

l Includes Arkansas; Colorado; Kansas (1966); Louisiana; Minnesota; Missouri (1967-68, 1970); Rhode 
Island; Washington (1967-70); Wisconsin (1967-70); shipments that cannot be separated by States and ship- 
ments indicated by symbol W. Also includes exports to Africa (1966-67); Canada (1967-70); Mexico and 
Philippines (1966-70); Panama (1966-67); Venezuela (1968, 1970); and small quantities to other countries. 
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The making of container glass is easily 
the largest single end use for feldspathic 
materials. Production figures for glass con- 
tainers show, more than do the tonnages 
consumed, the magnitude of this utiliza- 
tion. In 1970 domestic production of all 
types of glass containers reached a total of 
over 267 million gross, of which at least 
250 million gross were in the throw-away 
category—nonreturnable containers for 
food products, medicines, toiletries, reagent 
chemicals, etc., or disposable beer, wine, 
liquor, and no-deposit no-return soft-drink 
bottles. 


PRICES 


Major domestic feldspar producers re- 
ported sharply higher unit values for their 
product in 1970. The national average was 
13 percent above that for 1969, the sixth 
consecutive annual increase. Engineering 
and Mining Journal, December 1970, 
quoted feldspar prices as follows: 

Feldspar, f.o.b. mine or mill, carload 
lots, per short ton, depending on grade: 


North Carolina: 
20 mesh, flotat ion $11.00 
40 mesh, dry ground. ............... 21.00 
200 mesh, dry ground. ......... 320. 50-21. 50 
200 mesh, fotation. 20.50-26.00 
Georgia: 
40 mesh, granular................... 20.00 
200 mesh... eI onum EE 23.50 
825 mesh... .......- 22; A 24.50 
Connecticut: 
20 mesh, granula rr 13.50 
30 mesh, granulat 13.50 
GITT EE 20.50 
323. mhh CL uQ ss. 21.50 
Maine: 
200-325 meg 24.00 


Although these quotations were indicative 
of price ranges, actual sales were con- 
cluded, as customarily, at negotiated prices 
not on public record. 


FOREIGN TRADE 


Imports for consumption of feldspar, 
crude and ground, during 1970 did not 
differ markedly in terms of tonnage from 
the average of the previous 5-years, al- 
though the 1970 tota] value was the sec- 
ond-highest (after 1969) on record. Ex- 
ports in 1970 in the U.S. Commerce 
Department's collective classification of 
feldspar, leucite, nepheline, and nepheline 
syenite amounted to about 5,000 long tons 
valued at $195,000, compared with 5,600 
long tons and $358,000 in 1969. In spite of 
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these declines in tonnage and value of ex- 
ports and of the high value of the im- 
ports, the United States remained, by a 
margin of about 1,500 tons and $80,000, in 
its customary position as a net exporter of 
feldspathic materials. 

Tariff regulations in force during 1970 
provided for an import duty of $0.05 per 
long ton for crude feldspar and of 5 per- 
cent ad valorem for ground feldspar. 
These rates were lower by $0.02 and 1 per- 
cent, respectively, than those applicable 
during 1969 and were further reduced by 
$0.03 and 1 percent, respectively at the 
start of 1971. Nepheline syenite of foreign 
origin, domestic feldspar's most effective 
competitor, is imported duty-free. 


Table 6.—U.S. imports for consumption 


of feldspar 
1969 1970 
Country Long Value Long Value 
tons  (thou- tons  (thou- 
sands) sands) 
Crude: 
Canada........ 46 $7 223 $22 
South Africa, 
Republic off 2 1 
Total 46 7 225 23 
Ground, crushed or 
pulverized: 
Canada 4, 544 124 3,087 86 
Sweden 100 4 160 7 
Total 4, 644 128 3,247 93 
WORLD REVIEW 
Canada.—Two companies, Indusmin, 
Ltd., and International Minerals and 


Chemical Corp. (Canada), Ltd., the only 
producers in North America of ceramic- 
and glass-grade nepheline syenite, both op- 
erated their mining and processing facili- 
ties in the Peterborough area of Ontario 
at full capacity throughout 1969, increasing 
their joint output to 18 percent above the 
corresponding figure for 1968. Each firm, 
with the assurance of adequate reserves for 
many years of operation at or above the 
1969 level, reported an excellent outlook 
for 1970. Indusmin, currently the larger 
supplier of nepheline syenite, expanded 
the range of its already diversified opera- 
tions by initiating in 1970 the marketing 
of another glassmaking raw material, 
high-grade quartzite, from a 20-million-ton 
deposit on Lake Huron's Badgeley Island. 


FELDSPAR, NEPHELINE SYENITE, AND APLITE 


Ceylon.—Feldspar production and proc- 
essing, hitherto limited to a small-scale 
hand-cobbing exploitation of pegmatite de- 
posits, may soon acquire increased impor- 
tance. The state-owned Ceylon Ceramics 
Corp. announced plans to build a plant to 
supply ground feldspar for its Negambo 
and Pilivandala ceramics works and possi- 
bly to provide significant quantities of the 
material for export. 

Norway.—Norsk Nefelin Division of 
Christiania Spigerverk, which shares only 
with two Canadian firms the distinction of 
being a western-world supplier of nephe- 
line syenite in the grades suitable for the 
manufacture of glass and ceramics, in- 
creased its output of the mineral from 
69,000 long tons in 1968 and 148,000 tons 


Table 7.—Feldspar: 
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in 1969 to an estimated 197,000 tons in 
1970. Norsk Nefelin operates an open-pit 
mine practically at wharfside near Ham- 
merfest, the northernmost city in Europe. 

United Kingdom.—Exploratory drilling 
was recommended to delineate the extent 
and commercial possibilities of a large body 
of feldspar recently found at Durness, near 
Cape Wrath, in Sutherlandshire on the ex- 
treme north coast of Scotland. Mining of a 
rock product, known as "Cornish stone" 
and usable as a feldspathic material in 
some applications, is a long-established in- 
dustry in Cornwall, but the United King- 
dom's current requirements of glass- and 
ceramics-grade feldspar mostly have to be 
supplied by flotation-processed mineral 


World production, by countries 


(Long tons) 


Country ! 


North America: 


Africa: 


South Africa, Republic of 
United Arab Repubiie 2-22. 


Asia: 


e Estimate. p Preliminary. r Revised. 


is A NA 
Hong Kong AA A 
¡SN Be yd AA SA SSS 
Japan ]ꝗ⁵ ĩ«²un y 8 
Korea, Republic o' 
FFF h E 
Oceania: Australia 


1968 1969 1970 v 

ud r 9,482 11,058 9,800 
Se r 78,989 82,174 81,515 
PS 667,679 673,985 648,321 
mu 20,179 21,491 e 22,000 
sete 960 974 3,543 
Sue r 21,406 21,702 22,786 
oe 1,859 1,019 e 1,000 
nu 434 1,218 ,088 
SM 2,140 1,777 1,187 
Sag 53,567 52,555 61,145 
ENS r 174,680 e 175,000 e 185,000 
PER r 283,257 355,573 e 364,000 
ae r 165,723 207,844 174,160 
ts r 130,590 126,033 e 128,000 
Soe 28,000 29,000 30,000 
e r 20,339 23,699 29,188 
EMT 46,522 43,044 e 45,000 
log r 26,869 32,774 31,400 
zer 285,000 245,000 245,000 
noe 43,342 44,272 e 44,000 
Der 7,017 11.455. 
— 527 1,535 881 
iis (4) NA 

98 80 e 100 
oe 19,574 21,688 18,598 
ue 1,691 2,953 e 8,000 
— 577 594 1,273 
us 1,582 1,909 1,595 
aci 32,964 81,712 28,793 
ae r 65,365 60,029 63,267 
pens 20,661 23,065 27,578 
Se r 41,656 34,832 19,916 
n r 4,888 4,685 e 4,700 
-— r 2,207,567 2,344,733 2,297,835 


NA Not available. 


1 In addition to the countries listed, Brazil, Czechoslovakia, Romania, and South-West Africa also produce 
feldspar, but available information is inadequate to make reliable estimates of output levels, 


2 Includes pegmatite. 


3 Described in source as lump feldspar, does not include nepheline syenite as follows: 1968, r 81,712; 1969, 


r e 128,000; 1970, ° 143,000. 
4 Less than 1⁄ unit. 


5 In addition, the following quantities of aplite and saba were produced: 1968, r 350,069; 1969, 429,578; 


1970, 481,076. 
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from Scandinavia, and the potential trade- 
balance advantages of the new Durness de- 
posit are obvious. 

U.S.S.R.—Construction was completed of 
a large installation at Achinsk in Krasnoy- 
arsk Territory, western Siberia, for the 
purpose of extracting alumina of potline 
quality for the Soviet Union's aluminum 
smelters. The new plant, served by the 
Trans-Siberian Railway and expected to 
yield 800,000 tons yearly of the desired me- 
tallurgical intermediate, is notably out of 
the ordinary in that its primary input 
mineral will be the feldspathic rock, 
nepheline syenite, instead of the more cus- 
tomary bauxite that serves as the starting 
material for alumina production almost 
everywhere else. The ore to be processed 
at Achinsk will be mined 100 miles away 
at the new town of Belogorsk and has an 
average content of 25 percent Al203. Full- 
scale operation of the new facility will en- 
tail, therefore, the mining and transporta- 
tion of more than 3 million tons per year 
of this unconventional plant feed, un- 
doubtedly the largest undertaking of its 
kind in the world. | 

Yugoslavia.—Yugoslavia feldspar produc- 
tion, which amounts to approximately 
45,000 tons per year, will increase consider- 
ably with the opening of a new plant, some- 
time in 1971. The decision to build the new 
facility, designed to recover about 45,000 
tons of marketable feldspar from the flota- 
tion processing of about 100,000 tons of 
pegmatite per year, followed a new apprai- 
sal of the recently discovered ore body near 
Prokuplje in Serbia. The latest assessment 
of this deposit indicates that proved re- 
serves of minable material that contain 60 
percent or more of high-potash feldspar 
now amount to at least 4.5 million tons, 
instead of the 3.0 million tons previously 
estimated. Important quantities of high- 
grade silica and mica will also be re- 
covered as coproducts in this first feldspar 
flotation mill in Yugoslavia. Europe has 
only 2 other such plants located in Fin- 
land and Norway. 


TECHNOLOGY 


The Spruce Pine district of North Caro- 
lina undoubtedly has already yielded more 
high-grade marketable feldspar than any 
other area of equal extent on earth, and 
production there thus far has scarcely 
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more than dusted off the top layers of 
these massive deposits. On the other hand, 
however, the winning of about a quarter 
of a million tons of salable feldspar each 
year inevitably brought with it the accu- 
mulation of an at least equal quantity of 
seemingly worthless waste material. A far- 
sighted program of research supported by 
progressive private organizations in collab- 
oration with Federal and State governmen- 
tal agencies is rapidly turning this profit- 
swallowing disposal problem around to 
reveal a potential source of important rev- 
enue. A published report delineated the 
principal goals of the investigation and de- 
tailed the more significant conclusions that 
were reached.2 

Producers in North Carolina’s second 
feldspar region, the Kings Mountain area, 
are independently pursuing research to- 
ward similar ends. This subject of feldspar 
tailings management was the principal 
topic discussed in a paper presented at the 
annual meeting of the American Institute 
of Mining, Metallurgical, and Petroleum 
Engineers at Denver, Colo., February 
15-19, 1970.3 An industrial journal and a 
popular magazine both published articles 
on the technology and some of the more 
visible results of the enlightened and 
hearteningly successful efforts of one orga- 
nization to minimize environmental disrup- 
tion without forfeiting the position of No. 
1 feldspar producer in the United States.4 

In a related but not parallel activity, the 
Bureau of Mines continued to obtain fa- 
vorable results in a quest for procedures 
making possible a more profitable utiliza- 
tion of the finely divided material, hith- 
erto of little or no commercial value, that 
is generated in great quantities in Georgia 
and South Carolina during the quarrying 
and processing of granite for use as 
crushed stone. Experiments in 1970 at the 
Bureau’s Tuscaloosa Metallurgy Research 
Laboratory in Alabama were directed espe- 


2 School of Engineering, North Carolina State 
University. Feldspar Tailings Utilization, Final 
Report—Research sponsored by U.S. Bureau of 
Mines, The Feldspar Corp., International Miner- 
als and Chemical Corp., Lawson-United Feldspar 
and Mineral Co., and North Carolina State Uni- 
versity. Raleigh, N.C., September 1969, 68 pp. 

3 Redeker, Immo H. North Carolina Feldspar 
Flotation and Solutions to Waste Disposal Prob- 
lems. 17 pp. 

* Pit and Quarry. Feldspar Corp. Utilizes Latest 
Equipment to Maintain Pollution-Free Operation. 
V. 63, No. 4, October 1970, p. 58. 

Siler, Leon M. What Can You do With Tail- 
ings"? The State (Raleigh, N.C.), v. 38, No. 3, 
July 1, 1970, pp. 10-11, 36. 
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cially toward developing improved flotation 
schemes capable of treating the waste fines 
to yield either feldspar or feldspar-silica 
concentrate acceptably low in iron-mineral 
content to serve in the manufacture of 
glass and ceramics. 

Prominent among technological develop- 
ments in 1970 with substantial bearing 
upon the feldspar commodity situation 
were those affecting the mineral's largest- 
scale outlet, the container-glass industry. 
Throughout the year an industrial journal 
printed a number of articles that, taken 
together, provided a synoptic view of the 
sophisticated technology that is enabling 
the glassmakers to comply with today's ap- 
parently insatiable demand for ever greater 
quantities of glass containers.5 Another ar- 
ticle in the same journal furnished a 
graphic rationale for the container manu- 


facturers’ urgent need for time-saving 
technology.6 

Feldspar is an important constituent in 
most porcelain enamel formulations. New 
techniques and some theoretical considera- 
tions of interest to enamel makers and 
users were dcalt with in two journal 
articles.7 

A patent was granted to Bureau of 
Mines research workers for a fusion- 
quench-leach process, by the use of which 
alumina (or an alumina antecedent) can 
be produced from a number of silicate 
mineral materials, including the feld- 
spathic rock anorthosite.8 A recent foreign 
patent described an innovative electrostatic 
process for the beneficiation of a number 
of minerals, among which feldspar was 
specifically mentioned.“ 


NEPHELINE SYENITE 


Nepheline syenite is a coarsely crystalline 
rock that bears a superficial resemblance to 
granite but consists essentially of the feld- 
spathoid minerals—sodium-potassium feld- 
spars and nephelite—with little or no asso- 
ciated free quartz. In its chief commercial 
application, nepheline syenite serves as a 
raw material for the manufacture of glass 
and ceramics. Other end uses, such as a 
filler in paint, paper, latex products, and 
plastics, are increasing in number and im- 
portance. Since the United States has no 
domestic production of nepheline syenite 
in the grades suitable for these purposes, 
its entire consumption of the mineral de- 
pends- upon shipments from Ontario. Ac- 
cording to the most recent data published 
in Canadian Minerals Yearbook, mine pro- 
duction of nepheline syenite there totaled 
about 503,000 short tons (449,000 long 
tons) in 1969, of which approximately 
three-quarters was exported to the United 
States. The average unit values reported 
for Canadian production and U.S. imports 
of nepheline syenite fall approximately 
midway within the range of prices quoted 
by Ceramic Industry Magazine, January 
1971—$8 per ton, low, to $21 per ton, 
high. 

Two welcome additions to the rather 
scanty literature dealing with nepheline 
syenite and related minerals have been 
published. These items, one an extensive 


monograph and the other a journal article, 
provide so much authoritative and hard- 
to-find information on the subject that 
they are deserving of special mention, al- 
beit in one case somewhat belated.10 


5 Allen, Alfred C. Underwood Boosts Glass 
Melting 126%. Ceram. Ind., v. 94, No. 3, March 
1970, pp. 28-30. 

Ceramic Industry Glenshaw Expansion Features 
Automation. V. 94, No. 6, June 1970, pp. 51-53. 

Ceramic Industry. Precision, the Key to Vol- 
ume Production. V. 95, No. 5, November 1970, 
pp. 24-27. 

Richards, Robert C. Modernization Spells Prof- 
its for UG. Ceram. Ind., v. 95, No. 6, December 
1970, pp. 33-35. 

Svec, J. J. Brockway Pomona Plant Works at 
Capacity. Ceram. Ind., v. 95, No. 4, October 
1970, pp. 42-44. 

6 Ceramic Industry. Triple Speed Line Fills 
2000 Bottles Per Minute. V. 94, No. 2, February 
1970, pp. 38-39. 

Hubbell, Dean S. Anatomy of Colored Arch- 
tectural Coatings. Ceram. Ind., v. 95, No. 2, Au- 
gust 1970, pp. 32-35. 

Svec, J. J., and Alfred C. Allen. Faster Firing 
Spells Dollars to Enamelers. Ceram. Ind., v. 94, 
No. 6, June 1970, pp. 57-58. 

8 Iverson, H. G., and H. Leitch (assigned to 
U.S. Secretary of the Interior). Extraction of 
Aluminum Values From Albite,  Anorthosite, 
Kyanite, Bauxite, or Other Low-Grade Siliceous 
1975 or Rocks. U.S. Pat. 3,507,629, Apr. 21, 
1970. 

9 Robert, D. (assigned to Ste. de Produits Chi- 
77 d'Auby). Canadian Pat. 857,700, Dec. 8, 
1970. 

10 Allen, J. B., and T. J. Charsley, Nepheline- 
Syenite and Phonolite. Inst. Geol. Sci. (London), 
1968, 169 pp. 

Roy, S. B., and S. K. Som. Use of Nepheline 
Syenite in Ceramic Industry. Bull., Central Glass 
and Ceram. Res. Inst. (Calcutta), v. 17, No. 1, 
January-March 1970, pp. 31-37. 
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Table 8.—U.S. imports for consumption 
of nepheline syenite 


Crude Ground 
Year Long Value Long Value 
tons (thou- tons (thou- 
sands) sands) 
ch A 15 (1) 271,966 $38,558 
1969._....... 166 $2 346,513 4,449 
3 538 9 352,937 4,634 


1 Less than 14 unit. 


APLITE 


Aplite, a granitic rock of indefinite com- 
position that contains a high proportion of 
albite or plagioclase feldspar, is mined and 
processed for the removal of iron-bearing 
minerals to serve mainly as a raw material 
for the manufacture of container glass. 
Aplite of glassmaking quality was pro- 
duced domestically in 1970 only from two 
mines in Virginia. The Feldspar Corp. 
mined and treated ore from Hanover 
County by an electrostatic process, and ore 
mined in Nelson County was beneficiated 
by International Minerals & Chemical 
Corp. using a method of high-intensity 


magnetic separation. Mine production of 
aplite in 1970, responding to the vigorous 
upward tendency in container-glass de- 
mand, reached the highest tonnage level in 
more than a decade and the highest total 
value on record. Prices quoted for aplite 
in Ceramic Industry Magazine, January 
1971, were $8.30 per ton (high) and $5.30 
per ton (low), substantially below the av- 
erage unit value indicated by a canvass of 
producers. No specific annual data on 
aplite production, sales, or value have been 
released for publication since 1962. 


Ferroalloys 


By Horace T. Reno 


The domestic ferroalloy industry experi- 1970, but all producers were hard-pressed 
enced its best year ever in international to meet air pollution standards and some 
trade as exports reached a value of $56 captive power plants were shutdown be- 
million, $32 million more than the record cause of harmful stack gas emissions. 
established in 1969. However, domestic use Detailed information concerning the 
of the ferroalloys following the trend of more significant ferroalloys may be found 
activity in the steel industry was 10 per- in the chapters for individual alloying ele- 
cent less than in 1969. Most ferroalloy ments. 
prices were increased in 1970. The struc- 


ture of the industry did not change in 1 Physical scientist, Division of Ferrous Metals. 


Table 1.—Government inventory of ferroalloys (stockpile grade), December 31, 1970 
(Thousand short tons) 


National CCC and 
Alloy (strategic) supplemental Total 
stockpile stockpile 
Ferrochromium: 
MIgh-dAF RIA . ß NE 126 276 402 
i Yr / O 128 191 319 
a RA A C :]ꝓ. BA 26 33 59 
Ferrocolumbium (contained eolumbium) ..... D. 7. — ——  Sases (1) 
Ferromanganese: 
MEER Z u 7. 143 1,033 1,176 
AO ATAR ²˙ .. ͤie 7 ` een 29 
Ferromolybdenum (contained molybdenum)................ E —3 A l'Lesds 4 
Ferrotungsten (contained tungsten)... ....................- | ce 1 
Ferrovanadium (contained vanadium )))) E. ` Tee 1 


1 Less than 1⁄ unit. 


Table 2.—Ferroalloys produced and shipped from furnaces in the United States 


1969 1970 
Production Shipments Production Shipments 
Gross Alloy Gross Gross Alloy Gross 

weight element weight Value weight element weight Value 

(short contained (short (thou- (short contained (short (thou- 

tons) (average tons) sands) tons) (average tons) sands) 

percent) percent) 
Ferromanganese 1_____ 852,019 77.3 836,717 $119,308 835, 463 78.5 807,368 8134, 456 
Silicomanganese...... 222,877 66.0 17,543 35,152 193,219 66.0 172,988 32,024 
Fetrosilicon......--oe 115,172 57.8 675,381 112,293 709,287 59.2 659,216 136,238 
Silvery iron 204,027 16.7 203,641 15,891 196,369 18.2 207,664 16,853 
Chromium alloys: 
Ferrochromium ?. 296,305 69.8 293,367 81,343 309,613 69.0 289,395 100,667 
Other chromium 

6 122, 733 43.8 94,388 26,067 96,163 45.0 81,552 25,606 
TOL. AO AAA 419,038 62.2 387,755 107,410 405,776 63.2 370,947 126,273 
Ferrotitanium........ 4,441 26.9 4,222 3,937 3,360 29.0 3,291 3,503 
Ferrophosphorus 130, 582 24.7 164,360 4,784 164,107 24.0 176,065 6,539 
Ferrocolumbium. ..... 2,901 55.5 2,202 9,298 1,260 56.7 ,421 9,385 
DUMP daras 78,046 36.3 102,182 79,171 86,347 38.0 90,689 82,807 
Grand total....2,628,503 60.0 2,594,003 487,244 2,595,188 60.5 2,489,649 548,078 


1 Includes briquets and fused-salt electrolytic. 

2 Includes low- and high-carbon ferrochromium and chromium briquets. 

3 Includes ferrochrome-silicon, exothermic chromium additives, and other chromium alloys. 

4Includes Alsifer, ferroboron, ferronickel, ferromolybdenum, ferrotungsten, ferrovanadium, Simanal, spie- 
geleisen, zirconium-ferrosilicon, ferrosilicon-zirconium, and other miscellaneous ferroalloys. 


513 


514 


MINERALS YEARBOOK, 


1970 


DOMESTIC PRODUCTION 


The structure of the domestic ferroalloy 
producing industry did not change signifi- 
cantly in 1970. The 29 producers listed in 
table 3, two fewer than in 1969, reported 
production about the same as in 1969. 
However, some ferromanganese producers 
changed from blast furnace to electric fur- 
nace smelting, forcing consolidation of the 


figures to prevent disclosure of individual 
company data. Total shipments of ferroal- 
loys were 4 percent less than in 1969, but 
the value of shipments was up 12 percent. 
Shipments rather than production are the 
measure of activity in the industry, as pro- 
duction in the high-volume ferroalloys is 
irregular and intermittent. 


Table 3.—Producers of ferroalloys in the United States in 1970 


Producer Plant location Product ! Type of furnace 
Agrico Chemical Coo Fierce, le A AAA Electric. 
alvert City, R : 
Airco Alloys & Carbide ¿ Charleston, RE | F 1 8 vier Sc . ) Do. 
[Niagara Falls, N. : y 
Bethlehem Steel Co, Johnstown, fa EI mim Blast. 
Chromium Mining & Smelting Co. Woodstock, Tenn........ FeMn, SiMn, FeCr, FeSi. Electric. 
Climax Molybdenum Co........ Langeloth, Pa. FON as Aluminothermic. 
Diamond Shamrock Cor Kingwood, W. Va CUP a nds Electric. 
FAC. COMM. ce . nii md Pocatello, Idaho......... „ Do. 
Graham, W. Va. FeB, FeCb, FeTi, FeV, 
Foote Mineral GO. Keokuk, Iowa, F Ge eil FeSi, Do. 
Vancoram, Ohio ER ilvery iron, 
| Wenatchee, Wash. ..... 
Hanna Furnace Cor r Are Blast. 
Hanna Nickel Smelting Co. ..... Riddle, ot <a> Peta PIE ex ominis Electric. 
Hooker Chemical Cor Columbia, Tenn......... P tod atte Do. 
Interlake Steel Cor Beverly, hoe FeCr, FeSi, SiMn....... Do. 
Kawecki Chemical Co... l l . LLL ig, er eg Je re ao iudica acum Aluminothermic. 
Mobil Chemical Co (Nichols Fla“ a e OA Electric. 
Molybdenum Corp. of America. Washington, fp FeMo, FeW, FeCb, FeB__ Electric and 
aluminothermic. 
Monsanto Chemical Co. [Soda Springs, Idaho di rer Electric. 
National Laad c Niagara Falls, N. FeCTi, Fe Ti, other 2 Do. 
New Jersey Zinne Palmerton, Pa APA APO Do. 
Reg EA EE dá 
e "m HO OO ds FeCr, FeSi, FeB, 
Ohio Ferro-Alloys Corp. . - ------ Powhatan, Ohio FeMn, SiMn, other.? | Do. 
(Tacoma, Wash... ... 
Reading Allo98..... auno mmn ODO PE ias FeCb, FeV, Fe Moo Aluminothermic. 
Shbieldalloy Corp. sido. Newfield, N.J... 2 sono FeV, FeTi, FeB, FeMo, Do. 
FeCb, other.? 
Sie Pleasant, Tenn 
Stauffer Chemical Coo Silver Bow, Mont — S OU Te SEES Electric. 
| Tarpon Springs, Fla 
Tennessee Alloys Cor Bridgeport, Alaa C ͤ Do. 
Tennessee Valley Authority... Muscle Shoals, Ala 4 T E Ee De Do. 
Tenn-Tex Alloy Corp of Houston. Houston, Te Fe Mn, SiMn............ Do. 


F 


| Ashtabula, Ohio 
| Marietta, Ohio 


FeB, FeCr, FeCb, . ] 
FeSi, FeMn, FeTi, | 


Union Carbide Cor Niagara Falls, N. : Do. 
Porción, G sd 4 Fev, n, 
Sheffield, Ala oe 
(Birmingham, Ala....... 
United States Steel Cor as Z Pa? . FONS. Lua AZ Blast. 
Universal Oil Products Co. ...... C cc c q Electric. 
Woodward Iron Coo Rosa: a pas d FeSi, Fe Mn, SiMn....... Do. 


! FeMn, ferromanganese; Spln, spiegeleisen; Si Mn, silicomanganese; FeSi, ferrosilicon; Feb, ferrophos- 
‘Tus; FeCr, ferrochromium; FeMo, ferromolybdenum; FeNi, ferronickel: FeTi, ferrotitanium; FeW, erro- 
an; FeV, ferrovanadium; FeB, ferroboron; FeCb, ferrocolumbium; NiCb, nickel columbium; Si, "silicon 

“Ti, ferrocarbontitanium. 
Alsifer, Simanal, zirconium alloys, ferrosilicon boron, aluminum silicon alloys, and miscellaneous 
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CONSUMPTION 


Consumption of ferroalloys in 1970 fol- 
lowed the downward trend in steel produc- 
tion. The total quantity of ferroalloys con- 
sumed as additives and alloying elements 
for all end-uses was 10 percent below the 
level of consumption in 1969. Although 
total steel production was down only 7 
percent, production of alloy and stainless 
steels, the big uses for ferroalloys, was 


down 14 and 18 percent, respectively. 
These data are only indicative of activity 
in the steel and ferroalloys industries, 


owing to the wide variety of secondary ma- 


terials consumed and the large number of 
end-use products produced. 


In contrast to their consumption in 
steels, reported consumption of the ferroal- 
loys as alloying elements to produce super- 
alloys and alloys other than steel alloys, 
increased compared with 1969. However, 
the comparison may not be valid because 
the format and instructions for reporting 
materials used in superalloys, first used in 
1969, have not yet proved completely satis- 
factory. 


Table 4.—Consumption by end use of ferroalloys as additives 
in the United States in 1970 


(Short tons) 


Alloys 
(excludes 
Stainless Other Carbon Tool Cast Super- alloy Other 
Alloy steels alloy steels steels irons alloys steels uses ! Total 
steels and 
super- 
alloys) 
Ferromanganese?. 9,310 129,958 809,937 W 17,105 1,172 12,758 35,875 1,016,110 
Silicomanganese_____ 8,371 26,645 27,845 W 1,154 W 1,838 6,647 138,500 
Silicon alloys? 33 23,218 92,045 157,809 2,722 338,300 423 46,274 48,164 708,955 
Ferrotitanium 428 581 958 W 252 556 1,024 1,735 5, 534 
Ferrophosphorus 5 9 1.968 11,064 W BT lass 90 440 14,498 
Ferroboron......... 8 97 3 5 W W 241 351 
N 41,344 251,294 1,067,613 2,722 363,743 2,151 61,979 93,102 1,883,948 
W Withheld to avoid disclosing individual company confidential data; included in “Other uses.” 
1 Includes unspecified uses. 
2 Includes spiegeleisen, manganese metal, and briquets. 
3 Includes silicon metal and silvery iron. 
4 Includes other titanium materials. 
5 Includes other phosphorus materials. 
Table 5.—Consumption by end uses of ferroalloys as alloying elements 
in the United States in 1970 
(Short tons of contained elements) 
Alloys 
(excludes 
Stainless Other Carbon Tool Cast Super- alloy Other Total 
steels alloy steels steels irons alloys steels uses ! 
steels and 
super- 
alloys) 
Ferrochromium ?______.._ 155,164 37,867 6,123 1,856 5,490 10,779 3,765 5,887 226,931 
Ferromolybdenum 882 1,068 202 439 1,372 178 333 340 4.814 
Ferrotungsten n 64 UN racc 300 (5) 25 23 20 525 
Ferrovanadium 45 2,405 938 420 49 36 97 335 4,325 
Ferrocolumbium.. ...... 229 414 BET omae. eiu 193 14 5 1,202 
Ferrotantalum-columbium W W W Ea. o — ifii. 40 40 
du, EE 156,384 41,847 7,610 3,015 6,911 11,211 4,232 6,627 237,837 


W Withheld to avoid disclosing individual company confidential data; included in “Other uses.” 
1 Includes unspecified uses. 

2 Includes other chromium ferroalloys and chromium metal. 
3 Includes calcium molybdate. 

4 Includes melting base self-reducing tungsten. 

5 Less than 1⁄4 unit. 

6 Includes other vanadium-carbon-iron ferroalloys. 
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STOCKS 


Producers’ stocks of ferroalloys at the 
end of 1970 were 10 percent more than at 
yearend, and consumers’ stocks were 4 per- 
cent less. The percentage balance does not 
have special significance, because large-vol- 


ume alloys are produced intermittently, 
Consumer stocks of all the ferroalloys at 
yearend were normal, considering the level 
of production of carbon and alloy steels in 
1970. 


Table 6.—Stocks of ferroalloys held by producers and consumers 
in the United States, December 31, 1970 


(Short tons) 


Producer Consumer 
1969, 1970, 1969, 1970, 
gross gross gross gross 
weight weight weight weight 

Manganese ferroalloys V“ t 194,144 198,378 r 150,950 144,850 
E ova . aca icon Rs ehe 94,994 134,880 64,638 66,055 
a IR A RE a RC 46,977 52,550 39,687 33,875 
/ ²˙ ⁵ — 8 1,283 1,351 871 775 
a o . eo A AA 57,586 45,628 2,327 2,553 
. AA ꝛ m A AAA 22 70 62 48 
Pf! IEA E ˙ wm ⅛˙ ⅛-u¹! - See ery eRe 395,212 433,490 258,535 248,156 

1969, 1970, 1969, 1970, 
contained contained contained contained 

element element element element 
ere ee . W W 796 677 
UL 12002 ̃ . ³·ꝗͤͤͤͤ ²˙ wm E IA W W 147 181 
Long gig a EE e E r 363 577 1,272 903 
a he) CE; LU , EE r 329 426 425 410 
Ferrotantalum-columbium.... coco mn 8 8 8 
MOD PEIE NEEE N AI a NEET Aa S Foes 692 1,003 2,648 2,179 
r Revised. W Withheld to avoid disclosing individual company confidential data. 


1 Includes ferromanganese, silicomanganese, spiegeleisen, and manganese metals. 
2 Includes ferrosilicon, silvery iron, and miscellaneous silicon alloys. Consumers’ stocks also include silicon 


metal. 


3 Includes other chromium ferroalloys and chromium metal. 


4 Includes other titanium materials. 
5 Includes other phosphorus materials. 


6 Includes calcium molybdate and molybdenum silicide. 


PRICES 


Domestically produced standard high-car- 
bon ferromanganese, lump, bulk material 
in carload lots was priced at $164.50 per 
long ton to October 1 and at $159.50 per 
ton from then until the end of the year. 
The price of high-carbon ferrochromium, 
lump, bulk, in carload lots ranged from 
21.7 cents per pound in January to 36.5 
cents per pound in December. Low-carbon 
ferrochromium was priced at 28.6 cents per 
pound in the first three quarters of the 
year and 36.5 cents per pound in the last 
quarter. 

The price of 50 percent grade ferrosili- 

lump, bulk, in carload lots, f.o.b. 
"ont, freight equalized to the 
“aducer, was 14.1 cents per 

mgh June and 15.3 

the end of the 


“arket, 


per pound of contained vanadium, f.o.b, 
were $2.90 and $3.12 January through 
June and $3.48 and $4.12 July to the end 
of the year. The price of ferronickel per 
pound of contained nickel in wholesale 
lots, f.o.b. shipping point from January 1 
to November 1 was $1.28 per pound and 
was increased to $1.305 per pound on No- 
vember 1 to conform with a price increase 
of Canadian nickel producers. 

The quoted price for low-carbon ferroti- 
tanium was unchanged in 1970 at $1.35 
per pound of contained titanium, deliv- 
ered. Low-alloy, standard ferrocolumbium 
was priced at $2.65 to $3.52 per pound of 
contained columbium in ton lots delivered 
January through June and $2.85 to $4.12 
per pound July 1 to the end of the year. 
Ferrotungsten was quoted at $3.75 per 
pound of contained tungsten, delivered 
throughout the year. 
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FOREIGN TRADE 


The slight increase in free world steel 
production did not have noticeable effect 
on international trade in the ferroalloys. 


The value of U.S. imports of ferroalloys 
and ferroalloy metals for consumption in 
1970 was $5 million less than in 1969. 
However, the $56 million value of exports 
was $32 million more than the 1969 rec- 
ord. The large increase was due to the 
total quantity increase of almost 40 per- 
cent and the increased unit value of ferro- 
manganese, ferrosilicon, ferrovanadium, 
and unclassified ferroalloys. The average 
value of the unclassified ferroalloys ex- 
ported increased from $285 per ton in 1969 
to $735 per ton in 1970. 


As in past years, there was no definitive 
pattern to U.S. trade in ferroalloys. As was 
to be expected, Canada, the United King- 
dom, West Germany, and Japan were the 
principal recipients of the ferrochromium 
exports. Mexico, Sweden, India, Japan, 
Australia, and the Republic of South Af- 
rica were the principal recipients of the 
ferromolybdenum. Canada, West Germany, 
and Belgium were the principal recipients 
of ferrophosphorus. Most of the ferrosili- 
con exported went to the developed coun- 
tries, United Kingdom, West Germany, 
Japan, Australia, and Canada; and Canada, 
Mexico, the Netherlands, France, East and 
West Germany, and Japan were the princi- 
pal recipients of ferrovanadium exports. 


Table 7.—U.S. exports of ferroalloys 


1968 1969 1970 
Alloys Short Value Short Value Short Value 
tons (thou- tons (thou- tons (thou- 
sands) sands) sands) 
Ferrocerium and alloy 45 $303 52 $351 39 $275 
Woch —W 27,127 5, 735 24, 573 5,679 28,373 8,259 
Ferromangan ese 3,710 645 1,759 483 21,747 4,356 
eee ie Rede ote acts 432 1,194 728 2,381 1,007 3,088 
7 ß ̃⅛ ʃp “] 36,708 930 37,351 912 33,106 1,199 
a A ͤ AA A A iM bi 18,372 4,481 6,487 1,666 44,694 11,887 
ao Ts o 0 ²˙ ees E 278 1,052 644 2,834 2,154 12,121 
. ̃ uVUUw AAA 11,288 7,814 34,057 9,720 19,964 14,486 
AA O EA 97,960 22,154 105,651 24,026 151,084 55,677 
Table 8.—U.S. imports for consumption of ferroalloys and ferroalloy metals 
1969 1970 
Alloy Gross Content Value Gross Content Value 
weight (short (thou- weight (short (thou- 
(short tons) sands) (short tons) sands) 
tons) tons) 
Ghrommmn metal. u »OWm1.¹¹w.Aĩͤ aa 1,491 (1) $2,072 1,892 (1) $3 , 052 
Ferrocerium and other cerium alloys........... 9 (1) 91 9 (1) 54 
Ferrochrome and ferrochromium— 
Containing 3 percent or more carbon. . ... r18,240 r10,848 12,327 12,333 7,592 1,874 
Containing less than 3 percent carbon r 39,189 726,058 r10,067 28,972 18,353 7,746 
Ferromanganese— 
Containing not over 1 percent carbon 2,955 2,531 929 3,148 2,554 1,036 
Containing over 1 and less than 4 percent 
OPO os cre tek LE E O A 35,474 29,030 5,127 20,127 16,524 4,247 
Containing not less than 4 percent carbon. _r 269,423 r207,584 724,625 267,671 207,901 26,280 
Ferromolybdenum, molybdenum metal, com- 

pounds, alloys, and scrap (molybdenum con- 

SOG. coat RA AAA waa 70 12 413 122 12 779 
FAMOSO Rl, . A 15,696 (1) 9,507 14,237 1) 9,652 
r do Z; S E e EE 33,614 16,944 4,577 22,404 10,060 4,117 
ieee, a cease AA 79 (1) «%% m u S CRISI 
Ferrosilicon-manganese (manganese Content)... 32,040 21,337 3,532 14,539 9,624 1,774 
Ferrotitanium and ferrosilicon- titanium 552 (1) 259 73 (1) 48 
ata, CES irae tus EEE AAA 382 (1) 1,185 24 18 114 
tr o A .. 440 (1) 167 660 (1) 260 
aia a AAA IS 28 (1) 2 288 (1) 16 
ET N ̃ !, ̃⁵˙—p— EE 1,371 (1) 513 LSG (1) 518 
Tungsten metal (lump, grains, or powder) and 

tungsten carbide (tungsten content: (1) 10 138 90 74 1,010 
Tungsten alloys (unwrought) and scrap (tung- 

Eten AO rara (2) (2) $ 2 1 29 
Tungstic acid and other alloys of tungsten, 

ann 54 37 417 549 43 1,141 
Ferroalloys not elsewhere classified. 1,228 (1) 3,095 917 (1) 2.081 

r Revised. 


1 Not recorded. 
2 Less than l4 unit. 
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WORLD REVIEW 


Japan.—The Japanese ferroalloy indus- 
try followed the Japanese steel industry in 
becoming a major factor in worldwide in- 
dustry. The Japanese supplied ferroalloy 
furnaces and equipment to producers in 
South America and Europe. Measured by 
the total quantity of the principal ferroal- 
loys produced, the Japanese produced 31 
percent more ferroalloys in 1970 than in 
1969. Production in 1969 and 1970 was as 
follows: 


1969 1970 
(metric (metric 

tons) tons 
Ferrochromium................ 258,583 361,524 
Ferromangan ese 382,151 444,498 
Ferromolybdenu ............ 2,493 3,152 
FOTO ar 180,413 264,661 
a A REA ĩ 225,414 302,298 
a A 1,154 1,278 


Ferrovanadium...............- 2.197 2,510 


New Caledonia.—New Caledonia Nickel 
Company, a joint venture of Société Le 
Nickel of France and Kaiser Aluminum & 
Chemical Corp. of the United States, tapped . 
the first of three 33,000 kw furnaces planned 
for its new Noumea facility. The Noumea 
facility is a significant part of planned ex- 
pansion of nickel producing facilities of 
New Caledonia. 


TECHNOLOGY 


Technical developments dealing with fer- 
roalloy metals are discussed in the individ- 
ual commodity chapters. However, control 
of air pollution was a problem common to 
all. In 1970, the problem demanded the at- 
tention of ferroalloy producers, consumers, 
and rcsearchers in all parts of the world. 

Most authorities agreed that the technol- 
ogy and equipment needed to take care of 
particulate emissions from ferroalloy fur- 
naces were now available but that the 
know-how to take care of gaseous emissions 
was not yet at hand. Most pollution trou- 
ble in the ferroalloy industry in 1970 was 
at its coal-fired powerplants inasmuch as 
modern smelting furnaces with proper raw 
materials and proper emission control 
equipment cause little air pollution and 
the ferroalloy industries in most countries 
of the world were actively engaged in alle- 
viating that part of the problem. 

The cost of installing suitable equip- 
ment to control particulate emissions was 

ated by some authorities to increase 

production costs from 6 to 12 
*ore, much of the research 
"ed towards lowering 
ferroalloy equip- 


ment producer, Tanabe Kokoki, claimed 
advantages for its shaft-kiln collector for 
controlling pollution, but at the same time 
pointed out that economizing in heat and 
transportation costs would provide negligi- 
ble savings because the dominant cost fac- 
tor in the ferroalloy industry is the price 
of electric power.? However, the Kokoki 
shaft-kiln may offer some capital cost ad- 
vantage because it traps particulates for 
reuse. Among other works which may con- 
tribute to lower capital costs, the American 
Wheelabrator Corp. working for the last 5 
years with the  ferroalloys division of 
Union Carbide Corp. devised a collector of 
modular design. The collector was said to 
have efficiency greater than 99 percent. 
Considering the public pressure in 1970 for 
immediate end to pollution, the modular 
system was probably the most significant of 
all ferroalloy cost-reduction elements be- 
cause of the time saved in installation.? 


2 American Metal Market. Japan Becoming 
Major Exporter of Ferroalloy Furnace Equipment. 
V. 78, No. 35, Feb. 22, 1971, pp. ] and 3. 

3 American Metal Market. Wheelabrator Aids 
Pollution Control at Ferroalloys Plant. V. 77, No. 
240, Dec. 17, 1970, p. 13. 


Fluorspar and Cryolite 


By H. B. Wood ! 


FLUORSPAR 


During 1970, fluorspar exploration activ- 
ity increased in the United States and 
throughout the world. Production in- 
creased over 8 percent and consumption 
increased about 10 percent, reflecting a 
strong industry. 

U.S. production in 1970 increased 47 
percent over that of 1969, but was only 7 
percent over the 1968 production and 9 
percent less than the 1967 production. 
Work stoppages during 1969 caused a de- 
crease in production that continued into 
1970. The United States produced 6 per- 
cent of the world fluorspar output and 
consumed 30 percent. 

The total U.S. consumption of fluorspar 
rose from 1,357,000 short tons in 1969, to 
1,372,000 tons in 1970 an increase of 1.1 
percent. Most of the increase was in the 
consumption of acid-grade fluorspar (acid- 
spar) to make hydrofluoric acid. Acid-spar 
consumption increased about 4 percent 
from 721,000 tons in 1969, to 751,000 tons 
in 1970. There was a 13-percent decrease 
in the use of metallurgical-grade fluorspar 
(metspar) in the open-hearth furnace, 
from 109,000 (ons in 1969, to 95,000 tons 
in 1970. 

Imports for consumption of all grades 
totaled about 1,092,000 tons, about 5 per- 
cent less than in 1969. The imports still 
constituted about 80 percent of the Na- 
tion's total requirements for the year. 
Mexico continued to be the largest sup- 
plier, providing 76 percent of the imports, 
and 61 percent of the U.S. consumption. 

Legislation and Government Programs. 
—No contracts for fluorspar exploration 
were made by the Office of Minerals Ex- 
ploration during 1970. The percentage de- 
pletion allowance rates eatablished in 1969 
remained the same, domestic 22 percent, 
and foreign 14 percent. In compliance with 
instructions from the Office of Emergency 


Preparedness, and subsequent Public Law 
91-320 dated July 10, 1970, the General 
Services Administration (GSA) disposed of 
100,000 short dry tons of acid-spar from 
government stockpiles for $5,999,000. Bid 
prices ranged from $48 to $76 per ton. 
Government inventories as of December 31, 
1970, included 1,070,000 tons of acid-spar 
and 412,000 tons of met-spar in GSA stock- 
piles. GSA sales of excess fluorspar were 
expected to continue into 1971 until dis- 
posal of the excess 112,000 tons of acid- 
spar is completed. 

The duty on imported fluorspar has re- 
mained unchanged since January 1, 1963. 
Fluorspar that contains not more than 97 
percent calcium fluoride (CaF>2) is subject 
to a duty of $1.875 per short ton; material 
that contains not more than 97 percent 
CaF2 is subject to a duty of $7.50 per 
short ton. 

The National Research Council report 
on fluorspar supply and demand was com- 
pleted in December 1970.2 


DOMESTIC PRODUCTION 


The Illinois-Kentucky fluorspar mining 
districts, consisting of Hardin and Pope 
Counties in southern Illinois, and Critten- 
den, Livingston, and Caldwell Counties in 
Kentucky, continued as the major sources 
of domestic fluorspar in 1970 and provided 
over 55 percent of the total shipments for 
the year. The lead and zinc byproducts of 
fluorspar mines were also important to the 
operations of the area. The mines in Colo- 
rado, Montana, Nevada, New Mexico, and 
Utah provided the remainder of the total 
fluorspar shipments but no significant by- 
products. Production from Colorado in- 


1 Commodity specialist, Division of Nonmetallic 
Minerals. 

? National Research Council. Trends in the 
Usage of Fluorspar. NMAB-269, December 1970, 
5 


5 pp. 


519 


520 MINERALS YEARBOOK, 1970 
Table 1.—Salient fluorspar statistics 
1966 1967 1968 1969 1970 
United States: 
Production: 
Crude: 
Mine production short tons 737,411 838,631 749,219 533 ,030 627,212 
Material beneficiated do.... 796,418 914,616 765,531 520,084 698,232 
Material recovered. ...... do.... 250,200 284,300 237 ,000 160,000 252,128 
Finished (shipments). ) do.... 253,068 295, 643 252,411 182,567 269,221 
Value thousands.. $10,841 $13,164 $11,656 $8,411 $13,923 
Exports short tons 5,7 10, 345 12,614 3,605 14,952 
Vale. oso eee thousands.. $301 $517 $496 $213 $1,145 
Imports for consumption. ...- short tons.. 878,546 911,870 1,050,107 1,149,546 1,092,318 
Valuue thousands $21,968 $24 , 485 $28 , 699 2,81 2,758 
Consumption short tons. 1,065,124 1,091,158 1,248,414 1,356, 624 1 372, 404 
Stocks Dec. 31: 
Domestic mines: 
Fade xi RE do.... 207,338 126,716 97,522 82,177 51,471 
Finished do- 26,589 22,522 12,557 9,751 12,870 
Consumer plants do.... 254, 726 303, 718 323,121 290, 470 419,746 
World: Production do.... 3,131, ,208 8 ,498, KC 4,006, 971 4, 228, „583 4, 600, 327 


creased 54 percent and thereby substanti- 
ated Colorado’s position as the second 
largest fluorspar- producing State in the 
United States. 

The mines, concentrating plants, and 
pelletizing plants of the Minerva Mining 
Division of Minerval Oil Co. and the 
Ozark-Mahoning Co. operated at 90 to 95 
percent capacity during 1970. Increasing 
demand for briquets and pellets led to 
expansion of existing pellet plants and 
construction of additional facilities. At 
least six pellet or agglomeration plants 
were reported to be either in operation or 
under construction. These plants produce 
high-quality agglomerates for the iron and 
steel industry. 

Altogether, there were 25 mines reported 
to be actively producing and shipping 
fluorspar in seven States. Ten .mines 
stopped shipping; seven other mines re- 
sumed shipping or were new producers 
during 1970. 

Exploration activity in search of new 
commercial fluorspar deposits was acceler- 
ated during the year.3 

New exploration ventures were an- 
nounced by a consortium of Frontier Re- 
sources, Cerro Corp., and Five Resources 


Inc, and by U.S. Borax and Chemical 
Corp. Additional exploration work was car- 
ried out by Lost River Mining Corp., Ltd., 
at its complex fluorspar, tin, tungsten, and 
beryllium deposit on Seward Peninsula, 
Alaska. Preliminary estimates are favorable, 
indicating a reserve of 26 million tons that 
may prove to be economically minable.4 

New areas were being explored in Idaho, 
Utah, Nevada, Colorado, New Mexico, and 
Kentucky. 

The Fort Meade, Fla., plant of Alumi- 
num Co. of America (Alcoa), which was 
built to make cryolite and aluminum fluor- 
ide from waste fluosilicic acid (H2SiFg), 
salvaged from a phosphate rock processing 
plant, went on stream in December 1970. 
U.S.S. Agri-Chemicals supplies the fluosili- 
cic acid for the Alcoa plant and also mar- 
kets fluosilicic acid for domestic water sys- 
tems. Farmland Industries, from its plant 
near Lakeland, Fla., supplies fluosilicic acid 
to Kaiser Aluminum & Chemical Corp. to 


Industrial Minerals (London). ena A 
World Review. V. 35,. Septembe nm 50. 

Skillings Mining Review. Oct. 19 0, p. 11. 

4 Alaska, Division Geological LN Bureau of 
Mines. Lost River Reports Progress. Bull. 18, No. 
10, November 1970, p. 2. 

"uu River Mining Corp., Ltd. Annual Report, 
1970. 


Table 2.—Shipments of finished fluorspar, by States 


1969 1970 
Value Value 
State Short Short 

tons Total Average tons Total Average 

(thousands) per ton (thousands) per ton 

If. Ee 88 , 480 $4,676 $52.85 148,208 $8 ,637 $58 .27 
%%% em A sce — 6,667 07 31. 05 19,214 595 30.97 
Other States 1 87,420 3, 528 40.36 101,799 4,691 46.08 
C 182, 567 8,411 46.07 269,221 13,923 51.71 


1 Includes Colorado, Kentucky, Montana, New Mexico, and Nevada. 


FLUORSPAR AND CRYOLITE 


make cryolite. Kaiser has a plant at Mul- 
berry, Fla., for processing fluosilicic acid 
into sodium fluorosilicate, which it ships 
to Chalmette, La., to make aluminum 
fluoride.5 At least four other superphos- 
phate-producing companies are known to 
be salvaging and marketing fluosilicic acid. 


CONSUMPTION AND USES 


Total domestic consumption rose from 
1,357,000 short tons in 1969, to 1,372,000 
tons in 1970, an increase of 1.1 percent. As 
shown in table 3, consumption in the four 
major iron and steel industry uses was 
576,000 tons in 1970, which was 42 percent 
of the total consumption. This was a slight 
decrease from the 1969 consumption in the 
iron and steel industry. 

Met-spar, which was consumed at the 
rate of about 814 pounds per ton of iron 
and steel, totaled 379,000 tons in 1969, and 
371,000 tons in 1970, indicating a 2-percent 
tonnage decrease. More met-spar pellets or 
briquets are being consumed each year in 
the steel industry. This results in more ef- 
ficient use of some met-spar fines that had 
been wasted in the past. 

In table 3 the quantity of acid-spar 
shown as used in the production of alumi- 
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num and magnesium is not representative 
of the total consumption by this industry, 
because a large proportion of the acid- 
spar reportedly consumed as hydrofluoric 
acid is actually converted to aluminum flu- 
oride and synthetic cryolite and used as 
the electrolyte in making aluminum metal. 
The quantity of acid-spar consumed in 
this manner is not reported to the Bureau 
of Mines. It is estimated that 20 percent, 
or 270,000 tons, of the total 1970 consump- 
tion of fluorspar was consumed by the alu- 
minum industry.6 

The reported consumption of acid-spar 
used to make hydrofluoric acid increased 
from 721,000 tons in 1969, to 751,000 in 
1970, an increase of 4 percent. Although 
the actual tonnage of acid-spar that is 
made into hydrofluoric acid for industrial 
chemicals is not reported, by subtracting 
the amounts known to be consumed in the 
other industries from the total consump- 
tion, it can be estimated that approxi- 
mately 493,000 tons of acid-spar were con- 
sumed for this purpose. This represents 
about 36 percent of the total consumption 
in the United States. 


5 Chemical and Engineering News. Apr. 19, 
1971, p. 20. 
6 Work cited in footnote 2. 


Table 3.—Consumption, by end use and stocks, by grade of fluorspar (domestic and 
foreign) in the United States in 1970 


(Short tons) 


Containing Containing 
more than not more than 
End use or product 97 percent 97 percent Total 
calcium fluoride ` calcium fluoride 
Hydrofluoric acid 750,731 (1) 750,731 
Jõĩõĩ55:: A ÓN 8,34 10,413 18,759 
LN TEE 305 2,312 2,617 
Welding rod coating 2,577 (2) 2,577 
nma BERENS 1209. — — | 1,253 
rimary magnesium 
Other nonferrous metal. -`` ------------------------- ) 430 11,113 11,543 
Iron and steel castings- o. 422 22,723 23,145 
Open-hearth furnace s o 95,124 95,124 
Basic oxygen furnaces__ s. 371,172 871,172 
Electric furnace 3,314 88,154 86,468 
Other uses or products 3_____._.. ret hM Ede AE E ans cols 9,015 9,015 
Total: Ü M HAꝙ AAA tel 767,378 605 , 026 1,372,404 
Stocks Dec. l... ru A DER ER 145,475 274,271 19,746 


1 Small tonnages included under fluorspar containing more than 97 percent calcium fluoride. 
2 Included with “Other uses or products.” 
3 Includes fluorspar used to make ferroalloys and other furnace products. 
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Table 4.—Fluorspar shipped from mines in the United States, by grade and use 


1969 1970 
Quantity Value Quantity Value 
Grade and use — — FF 
Short Percent Total Average Short Percent Total Average 
tons of (thou- per tons of (thou- per 
total sands) ton r total sands) ton 
Ground and flotation concentrates: 
Hydrofluoric acid............. 71,225 51.0 $8,586 $50.34 105,839 53.1 $5,912 $55.86 
GBS o 18,415 13.2 990 53.76 21,637 10.9 1,302 60.17 
Ceramic and enamel. ......... ,289 5.2 250 84.29 9,912 5.0 865 36.82 
Nonferrous. ----------------- 2,146 1.6 115 53.58 3,326 1.7 203 61.03 
Ferrous E 37,964 27.2 1,961 51.65 54,916 27.6 3,278 59.69 
Miscellaneous ii „517 1.8 136 54.03 3,495 1.7 206 58.94 
/// padece ie 139,556 100.0 27,087 50.42 199,125 100.0 11,266 56.58 
Fluxing gravel and foundry lumps 
errou s 42,869 100.0 1,372 32.00 67,956 97.0 2,528 37.20 
Miscellaneous 142 2 14.08 2,140 3.0 129 60.28 
Total. sia a 48,011 100.0 1,374 31.94 70,096 100.0 2,657 37.91 
r Revised. 


1 Includes exports. 


* Data may not add to total shown because of independent rounding. 


Table 5.—Fluorspar (domestic and foreign) 
consumed in the United States, by States 
(Short tons) 


State 1970 
Alabama, Kentucky, Tennesse 73, 695 
Arizona, Colorado, Utah. .............. 20,904 
Arkansas, Kansas, Louisiana, Missouri.. 258,582 


California- -.------------------------- 52,372 
Connecticut, Massachusetts, New York, 


Rhode Island, Vermont 38,663 
Hi,, 8 89,065 
da;; 60,784 

owa, Minnesota, Nebraska, Wisconsin 2,416 
Michigan 2.222 as 72,412 
New Jersey 72,082 
Eeer Zy 155 , 599 
Oklahoma. ¿2 m neo Sete 1,216 
Oregon and Washington 2,059 
Pennsylvania 154, 669 
OK BS ose r Z MM PR 229, 891 
West Virginia 55,147 
Other States 32, 848 

G ˙ ⁵ AA s2DLupxun e 22 1,372,404 


1 Includes Florida, Georgia, Maryland, North 
Carolina, Virginia, Delaware, and Mississippi. 


Table 6.—Stocks of fluorspar at mines or 
shipping points in the United States, 
by States, Dec. 31 


(Short tons) 


1969 1970 
State — 
Crude Finished Crude Finished 
Illinois r 39,660 2,558 17,328 3,841 
Utah.........- 400 400 1,100 ...... 


Other States 1. 42,117 
Total. 82,177 


6,793 33,043 8,529 
9,751 51,471 12,370 
r Revised. 


! Includes Colorado, Kentucky, Montana, and New 
Mexico. 


PRICES 


Some quoted acid-spar prices increased 
30 percent over prices quoted in 1969. 


Price variations depend on grades and ori- 
gin. The average price of imported acid- 
spar rose $3 to $4 per ton, a significantly 
smaller increase than the price increases 
reported for domestic fluorspar. No appreci- 
able price changes were indicated for met- 
spar of 70 to 97 percent CaFz on the do- 
mestic or foreign market. The December 
1970 issue of Engineering and Mining Jour- 
nal quoted the following prices per short 
ton for the principal commercial grades of 
fluorspar: 


1969 1970 
Domestic f.o.b. Illinois-Kentucky: 
Metallurgical-grade 7214 per- 
cent effective Ca F it 50- $47.50- 
8.50 48.50 
Pellets, 70 percent effective 
e a ee 50.00- 52.00 
57.00 
Acid-grade concentrates, dry 
basis, 97 percent CaF»: 
Carloads................ 57.50  62.00- 
75.00 
Less than carloads 59.50 62.50- 
77.00 
Bags, extra 5.00 6.00 
Pellets, 90 percent effective 
(als. i eee roza 56.00- 56.00- 
_ 60.00 60.00 
Ceramic-grade, 95 to 96 per- 
cent Cake ii 55.00 60.00- 
70.00 
European: 
Acid-grade, duty paid, dry 
¡RN 47.50- 53.00 
50.00 


Mexican: 
Metallurgical-grade, 70 per- 
cent effective CaF>border, 
all rail, f.o.b. cars 30.15 30.15 
Tampico, Mexico, f.o.b. vessel. 30.15 31.15 
Acid-grade, 97 + n Eagle 
Pass, Tex., bulk 47.00- 52.00 


Source: Engineering and Mining Journal, Decem- 
ber, 1969 and 1970. 


FLUORSPAR AND CRYOLITE 


FOREIGN TRADE 


The United States exported 15,000 tons 
of both grades of fluorspar in 1970, an in- 
crease over the 1968 and 1969 totals. The 
largest shipments went to Japan and Can- 
ada. Japan purchased acid-spar and Can- 
ada, mostly met-spar. 


U.S. imports of all grades of fluorspar 
totaled 1,092.0000 tons in 1970, a decrease 
of about 5 percent from that of the pre- 
vious year. A decrease of 8 percent in the 
met-spar imports was the cause of most of 
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vided 76 percent of the total fluorspar im- 
ported into the United States, Spain 
supplied 13 percent, and Italy supplied 8 
percent. Other suppliers were the United 
Kingdom, Brazil, West Germany, and the 
Republic of South Africa. 

Imports from Mexico decreased 314 per- 
cent. This decrease was due to an 8-per- 
cent decline in imports of met-spar. Im- 
ports of acid-spar from Mexico increased 
slightly. Imports of acid-spar from Spain 
decreased 15 percent from the peak year of 


the decline. Imports accounted for 80 per- 1969. Imports of acid-spar from Italy 
cent of domestic consumption. Mexico pro- showed a 5-percent decline. 
Table 7.—U.S exports of fluorspar 
and customs district 
1968 1969 1970 
Short Value Short Value Short Value 
tons (thousands) tons (thousands) tons (thousands) 
Canada... oos esce ee ias 6,975 $252,887 1,627 $84,339 2,670 $137,533 
Germany, West 788 28,232 450 16,189 219 13,046 
EN EM n 4,143 181,939 1,429 93,242 55 7.426 
Japan D" u Lus 10 400. iul 11,720 960,896 
Switzerland.. 421 15,144 odpe “Misses 28 2,410 
United Kingdom 18 2,646 24 1,090 50 1,792 
Other countries 263 15,036 75 18,441 150 21,758 
Total i22 tease ies is asa 112,614 496,284 3,605 213,301 14,952 1,144,861 


! Data may not add to total shown because of independent rounding. 


Table 8.—U.S. imports for consumption of fluorspar, by countries and customs district 


Country and customs district 


CONTAINING MORE THAN 9"7 PERCENT CALCIUM FLUORIDE 


France: New York City 
Germany, West: Philadelphia, 77 


Italy: 
Cleveland, Ohio 
Detroit, Mien 
Galveston, Tek 
New Orleans, Laa 
Philadelphia, fa. 


New Orleans, La 
Nogales, Ariz___ . 
Philadelphia, fra... 
San Diego, G) 


Spain: 
Cleveland, Ohio 
Detroit, Mich. hkk 
New Orleans, La _.----------------------- 
Philadelphia, fa 


See footnote at end of table. 


1969 1970 
Short Value Sho Value 
tons (thousands) tons (thousands) 
110 „ 
Bice eile Meat 4,152 $220 
13,635 /// wma 
) Ee yaq 8,496 840 
31,875 1,023 33,133 1,168 
37 ,880 1,326 38,136 1,873 
5,952 251 4,910 198 
89,342 3,107 84, 675 3,079 
69,957 2,073 67,718 1,754 
796 24 1,045 86 
304,364 9,152 292,159 9,139 
43 , 884 1,615 88 , 438 1,582 
% «eun 18,742 669 
12,795 444 15,314 535 
saa Mota oe 1,987 64 
431,796 13,308 435,408 13,779 
30,268 1,131 14,005 603 
29,270 885 27,788 1,154 
11,210 ORT — uela. “ss 
95,417 8,798 98,773 4,200 
166,165 6,201 140 , 566 5,957 
5,606 1 ee 
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Table 8.—U.S. imports for consumption of fluorspar, by countries 
and customs district—Continued 


1969 1970 
Country and customs district Short Value Short Value 
tons (thousands) tons (thousands) 
CONTAINING MORE THAN 97 PERCENT CALCIUM FLOURIDE—Continued 
United Kingdom: 
Buffalo, ...,. 8 17 JJ pus 
Cleveland, Ohio occ.  ------- 7,006 $278 
Detroit, MICI c a eee ewes 1,441 58 3,967 
Ogdensburg, N: A A 50 % ^ iaa 
San Juan, Puerto Rico. oo 151 % ͤ v 
CCõÜ·Ü¹ umu. ⅛˙²— V4 ð pulp dede c E 1,659 73 10,973 341 
Grand total ---.-------------------- 694,678 22,884 675,769 23,376 
CONTAINING NOT MORE THAN 97 PERCENT CALCIUM FLUORIDE 
Brazil: New Orleans, La 11,346 319 10,587 298 
Canada: 
Buffalo; Neie See 67 B. “ami 8 
Cleveland, Ohio 2,238 G ðͤ v 
%ꝙ·⁰ ] ³ ² A susu EC 2,305 77 ᷣ 
Italy: Houston, ; id: «usas.  ------- 662 48 
Mexico: 
Baltimore, Md..........................- 28,762 743 37,349 1,300 
Buffalo, NK d‚‚‚‚ff 38,949 1,041 7,238 283 
F V ⁰⁰⁰ DDD Cae 29 34 8,478 317 
Cleveland, Ohio 32, 870 1.034 19,787 795 
Detroit, Minn 23,790 752 11,683 409 
r meca os 65,387 1,312 42,815 826 
Laredo, Te 189,138 2,989 231,827 3,638 
New Orleans, La 6,509 959 15,222 394 
Philadelphia, fr 17,431 501 24, 432 886 
San Francisco, Cat --..--------------- 66 1 1,455 34 
Total eye p uu iia ica 434,197 9,366 400,286 8,882 
South Africa, Republic of: 
Baltimore, Md- .J a ˙· ꝓA]Aæ ia. 101 3 
New Orleans, Laa 6,944 Jr ror TCTCçͤ  . memes 
Philadelphia, Parcial x  —------- 4,913 151 
Total. coautor ĩͤ 6,944 172 5,014 154 
Spain: Philadelphia, fp. JJ 
United Kingdom: 
ee, ß ab 20 L. Qu (eS 
San Juan, Puerto Rico. ..................- 50 JJ 
i ß eae ne eee ek 70 D... . ebro „ 
Grand. total. u. up l. soos ull L L S. OS 454,868 9,934 416,549 9,382 
1 Less than Le unit. 
WORLD REVIEW Germany, West.—West Germany pro- 


Canada.—The bulk of Canada's fluor- 
spar continues to come from the Burin 
Peninsula of Newfoundland. Canada's pro- 
duction increased 4 percent, continuing the 
steady increase started in 1967. Canada re- 
mains a net importer of fluorspar, mostly 
from Mexico. 

France.—France produced about 320,000 
tons of fluorspar and recorded a 5.6 per- 
cent increase. About 130,000 tons was re- 
ported to be consumed domestically. Most 
of its exported fluorspar went to European 
countries. 


duced 96,000 tons, which reflects no ap- 
preciable change since 1967. Although it 
exports small quantities, mostly to Euro- 
pean countries, it reportedly imports about 
270,000 tons of met-spar. Farbenfabriken 
Bayer, A.G. purchased controlling interest 
in the second of four froth flotation plants 
in West Germany.? 

Italy.—Italy increased production 12 per- 
cent to about 319,000 tons, continuing its 
steady increase started in the early sixties. 


T Industrial Minerals (London). Bayers New 
Fluoripar Mining Subsidiary. V. 30, March 1970, 
p. 34. 
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Italy exports mostly to the United States 
and European countries. The fluorspar-min- 
ing industry is dominated by two compa- 
nies which are Montecatini Edison, S.p.A. 
and Mineraria-Silius of the C. E. Giulini 
group. 

Mexico.—Mexico remains the largest 
producer of fluorspar in the world and has 
the largest reported reserves. Mexico pro- 
duced 1,079,000 tons in 1970, a decrease of 
1 percent from the 1969 production. About 
55 percent of its production is met-spar. 
About 80 percent of the total comes from 
16 companies located in the States of Coa- 
huila, San Luis Potosi, Guanajuato, and 
Chihuahua. Over 96 percent of Mexico's 
production is exported. At Parral, Chihu- 
ahua, the mill tailings, derived from two 
base-metal concentrating plants assay 15 to 
25 percent CaF and are being processed 
by froth-flotation to produce acid-spar. In 
1970, construction was underway at these 
two plants, to double their production. At 
Bolanos, Jalisco, near Zacatecas, a similar 
flotation plant to extract fluorspar from 
tailings was announced for construction in 
1971. In June 1970, Fluoruros de Hidalgo 


Table 9.—Fluorspar: 
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announced that it was in the process of 
constructing a fluorspar-flotation mill of 
20,000 to 25,000-ton-per-year capacity, near 
Ixmiquilpan in the State of Hidalgo. Flu- 
oresqueda, S.A. resumed production of 
3,000 tons per month of acid-spar at its 
Esqueda, Sonara, flotation plant. 8 

Several new acid-spar-producing flotation 
plants or enlargements of currently pro- 
ducing plants including those previously 
mentioned were under construction in 
1970, and when completed in 1971 should 
increase the production capacity by about 
100,000 tons per year. 

During 1970 operations continued at a 
5,000-ton-per-year hydrofluoric acid plant 
at San Luis Potosi and a 3,000-ton-per-year 
plant at Monterrey. 

In August 1970, the Mexican Depart- 
ment of Industry and Commerce resolved 
that raw materials mined in Mexico 
should be converted into finished or semi- 
finished products of higher value than the 
run-of-the-mine or normally exported, 
thereby promoting more employment in 


8 Industrial Minerals (London). Fluorspar Mill 
for Hidalgo. V. 33, June 1970, p. 46. 


World production by countries 


(Short tons) 
Country ! 1968 1969 1970 » 
North America: 
Jö eee eevee ĩ¾ DM m A 100, 600 131, 600 186 , 800 
T0; a se coe y ioe ale r 1,020,740 1,089,420 1,078,594 
United States (shipment) 52,411 182,567 269,221 
South America: 
ArgentillB. ³⁰¹-www ⁰ r 23,708 32,383 e 38,000 
A AAA DRE DO US NA NA e 40,000 
Europe: 
Sechste. 55, 000 65,000 90, 000 
France (marketable) . lll... r 287,212 303,000 820,000 
Germany, Kante... r 90,000 r 90,000 90,000 
Germany, West (marketabledd;dd ll... r 96,721 93 , 438 96,173 
A eee os cn rp ee etn ee r 248,484 284,161 318,861 
Spain (marketable) __-.....--.----_-.-----------------.- r 340,938 336,771 2373, 413 
nited Kingdom mmup.!jl; Ll Lc LLL . lll lll lll. r 216,161 209,767 e 235,000 
S S A A y RR 420,000 440,000 450,000 
Africa: 
KenV coc aot sa Lo y d 212 2,051 4,308 
Rhodesia, Southern e_...__......----------------------- 165 165 165 
South Africa, Republic of.....-.--.---.---.-.---------.- 119,667 165,651 190,698 
FH rac aui. xoc ras m dee ci Le 6,008 13,665 ,841 
Asia: 
China, mainland *.____...........-..-.---.--....----.- r 280,000 r 280,000 800,000 
Ni...... ð 8 ; 2,985 i 
TAPADA ados r 14,180 14,067 8,8 
Korea, North 83,000 83,000 83,000 
Korea, Republic off 51,372 43,181 52, 668 
Mongolia € eos isis ss r 77,000 r 86,000 88 , 000 
Thailand. cian ee goes aaa da r 270,184 328,003 350,785 
Türkey m MTM" r 1,903 2,908 1,835 
Total. ca EE E r 4,006,971 74,228,583 4,600,327 
e Estimate. P Preliminary. r Revised. NA Not available. 


! In addition to the countries listed, Bulgaria and Morocco also produce fluorspar, but information is in- 


adequate to make reliable estimates of output levels. 
2 


utput of Newfoundland Fluorspar Works of Aluminum Co. of Canada. 


3 Includes material recovered from lead-zinc mine dumps. 
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FLUORSPAR AND CRYOLITE 


Mexico. The Department stated further: 
“National producers of acid-grade fluoride 
are obligated to supply, on a preferred 
basis, the Mexican industry producing 
“acid fluorhydroxide’ (HF) or any other 
product processed from acid-grade fluor- 
ide,” before exportation of any acid-grade 
fluoride. Historically, exported acid-spar 
has sold for 30 to 50 percent more than 
exported met-spar, and the Mexican Gov- 
ernment desires to sell more of the higher 
priced raw materials, including hydrofluoric 
acid. The Mexican domestic market is 
small. In 1970 Mexico consumed less than 
40,000 tons of fluor-spar. 

The Mexicanization of foreign-owned or 
foreign-controlled fluorspar mining compa- 
nies, in which Mexican companies obtain 
ownership of 51 percent or more of the 
company, has progressed to where most of 
the major producing companies are said to 
be Mexicanized. Industrias Pefioles, S.A., in 
buying control of two Mexican subsidiaries 
of U.S. companies, will probably become 
the largest fluorspar producer in Mexico. 

South Africa, Republic of.—The Repub- 
lic of South Africa continued to be the 
largest producer of fluorspar in Africa, in- 
creasing its production 15 percent to 
190,000 tons. New fluorspar deposits have 
been discovered and are being developed. 
About 80 percent of South Africa’s produc- 
tion is exported, and it ships both acid- 
spar and met-spar all over the world. 

Spain.—Spain increased its production 
by 11 percent to 373,000 tons, thereby con- 
tinuing its strong growth trend. Its largest 
export market was the United States; the 
next largest market was West Germany. 

Thailand.—Thailand is the largest fluor- 
spar producer in Asia. It increased produc- 
tion 7 percent, to 351,000 tons in 1970, 
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continuing its strong growth trend. Al- 
though production increase was not as 
great as it was between 1966 and 1969, it 
proved its capability to expand with the 
demand. Most of the production has gone 
to Japan as met-spar. Thailand is encour- 
aging foreign companies to construct 
froth-flotation plants in Thailand so it can 
export the higher priced acid-spar and uti- 
lize all of its currently wasted, hand-sepa- 
rated, low-grade fluorspar. Construction in 
1971 of a froth-flotation plant in Thailand 
was announced by Thai Fluorite Process- 
ing Co. Ltd., a subsidiary of Kaiser Ce- 
ment Co., and in 1972 it expects to export 
acid-spar.? 


TECHNOLOGY 


A new industry is rapidly developing in 
which fluorine compounds are produced 
from fluosilicic acid, a normally wasted by- 
product derived from processing phos- 
phate rock to produce phosphoric acid and 
superphosphate. The results of this salvag- 
ing process are being watched closely by 
the fluorspar industry, because if it is 
proven to be economically successful, the 
process will contribute additional fluorine 
supplies, reduce polluting fluorine emis- 
sions, and subsequently reduce U.S. de- 
pendence on foreign supplies of fluorspar. 
Results of U.S. Bureau of Mines laboratory 
tests on recovery of HF from fluosilicic 
acid have been published.10 


A major fluorspar producer is making 
silver fluorides in increasing quantities, 
The argentic fluoride is a powerful fluori- 
nating agent, whereas the argentous fluor- 
ide is only moderately active. Its special 
use is in the preparation of fluorosteroids.11 


CRYOLITE 


The production of synthetic cryolite 
from byproduct fluosilicic acid, which is a 
waste product of the phosphate fertilizer 
industry, may have a major effect on the 
supply of cryolite. More installations of 
this type and those for reclaiming cryolite 
from aluminum pot linings are antici- 
pated. In table 11 it may be noted that 
U.S. imports of cryolite for 1969-70 aver- 
aged 20,891 tons, and for 1967-68 averaged 
35,045 tons, a 40 percent decrease in im- 
ports. The increase in manufacturing syn- 


thetic cryolite in the United States 
probably accounts for some of the decrease 
in imports, but the closing down of the 
natural croylite mine at Ivigtut, Greenland 
in 1969, probably accounts for the largest 
import reduction. 


® Engineering and Mining Journal. Fluorite In- 
dustry Booming in Thailand. June 1971, p. 30 

10 Blake, Jr, H. E., W. S. Thomas, K. W. 
Moser, J. L. Reuss, and H. Dolezal. Utilization of 
Waste Fluosilicic Acid. BuMines Rept. Inv. 7502, 
April 1971, 60 pp. 

11 European Chemical News. New Products. V. 
18, No. 448, Sept. 4, 1970, p. 46. 
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PRICES Table 11.—U.S. imports for consumption 


of cryolite 
Prices quoted in the Oil, Paint and Drug ry 


Reporter, December 28, 1970, for cryolite Year and country Short Value 
were as follows: Natural, industrial, in tons (thousands) 
1 ounds; ö 86,819 $4,118 
bags, at works, carlots, $15 per 100 p * 33.772 5.455 
less than carlots, $16.75 per 100 pounds; 
° 1969: 
synthetic, bult, at works, carlots, $240 per ——— 2.585 rer 
short ton; synthetic, in bags, same basis, Denmark 
Fran ee 3,144 648 
$255 per short ton. Germany, West..... 987 220 
Italy... 13,317 2,824 
Japan 110 21 
Spain 280 56 
Switzerland 22 
Totals nicas az 20,406 4,251 
1970: 
Canada............ 1,328 294 
Czechoslovakia 18 
Denmark 606 233 
France............ 7,320 1,518 
Germany, West..... 3,393 817 
Italy... 8 7,776 1,546 
Japan 480 114 
Netherlands 2 (1) 
CV 40 8 
Switzerland 26 
U C 329 115 
Total: cantada 21,377 4,666 


1 Less than 1⁄ unit. 


Gem Stones 


By Robert G. Clarke * 


Domestic gem stone production was esti- 
mated at $2.4 million in 1970, unchanged 
from that of 1969. Gem stone collection 
continued to be principally a recreational 
activity of individual collectors and hobby- 


ists at free or fee sites. Only a few deposits 
were operated to produce rough material 
for direct sale to wholesale or retail outlets 
or for raw material to manufacture fin- 
ished jewelry by the deposit operators. 


DOMESTIC PRODUCTION 


Gem stone production was reported from 
38 States. The following States led in pro- 
duction and accounted for 78 percent of 
the total: Oregon, $750,000; California, 
$200,000; Arizona, $155,000; Texas, 
$150,000; Washington, $150,000; Wyoming, 
$130,000; Colorado, $120,000; Montana, 
$109,000; and Nevada, $100,000. 

Many States publish brochures describing 
their major occurrences of gem stones and 
minerals, including maps and instructions 
on how to reach the deposits. The bro- 
chures are free and usually may be ob- 
tained from the individual State Depart- 
ment of Economic Development, or from 
the State Geologist. 

Reports of activities in gem collecting 
included all varieties of precious and semi- 
precious stones. In Louisiana, an 18.20 


carat diamond was found in Princeton, in 
a yard, by a little girl at play.2 It was 
named the LaMounce diamond for Louisi- 
ana (La), and Mr. Mounce, the jeweler 
who purchased it. It has since been cut 
into three fine gems by Lazare Kaplan and 
Sons of New York City; an oval, a mar- 
quise, and a heart shape. 

In South Dakota, the Cheyenne River 
Agency of the South Dakota Sioux oper- 
ated a quarry near Rapid City for alabas- 
ter which was handcrafted at the Sioux 
Stone Craft Co.3 Third year sales exceeded 
the total of the first 2 years combined. 
Many accounts of interesting field trips re- 
sulting in mineral and gem stone finds were 
related in journals for enthusiasts.4 5 Many 
clubs and societies reported on the activities 
of their members. 


CONSUMPTION 


The output of domestic gem stones gen- 
erally went to rock, mineral, and gem 
stone collections, objects of art, and jew- 
elry. Apparent consumption of gem stones 
(domestic production plus imports minus 


exports and reexports) declined to $292 
million, compared with $343 million in 
1969 because of greater exports and reex- 
ports of diamonds. 


PRICES 


During the year, price ranges for cut 
and polished, unmounted gem diamond 
were as follows: 0.25 carat, $100 to $425; 
0.50 carat, $275 to $900; 1 carat, $700 to 
$2,800; 2 carats, $2,000 to $9,500; and 3 
carats, $4,000 to $20,000. The median price 
for each range was 0.25 carat, $200; 0.5 
carat, $500; 1 carat, $1,550; 2 carats, 
$4,100; and 3 carats, $8,500. 


1 Physical Division of Nonmetallic 
Minerals. 

2 Lapidary Journal. Diamond Found in Louisi- 
ana. V. 24, No. 8, November 1970, p. 1122 

3 Lapidary Journal. Stone Age Provides New 
5 for Sioux. V. 24, No. 7, October 1970, 
p. a 

* Gems and Minerals. News Notes of Collecting 
rx No. 388, January 1970-No. 399, December 
$ Rocks and Minerals. Mineral Localities Infor- 
mation Department. V. 45, No. ], January 
1970-V. 45, No. 12, December 1970. 


scientist, 
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FOREIGN TRADE 


United States exports of diamond in 
1970, on which some work was done prior 
to reexport, amounted to 391,599 carats 
valued at $116.6 million. Of this total, dia- 
monds, cut but unset, suitable for gem 
stones, not classified by weight, were 93,937 
carats valued at $5.3 million; cut but 
unset, suitable for gem stones, not over 14 
carat, were 49,297 carats valued at $5.4 
million; and, cut but unset, suitable for 
gem stones, over Lë carat, were 248,365 car- 
ats valued at $105.9 million. 

Reexports of diamond in 1970, on which 
no work was done, amounted to 1,258,146 
carats valued at $67.8 million in the fol- 
lowing categories: Cut but unset, suitable 
for gem stones, not classified by weight, 
1,213,958 carats valued at $58.5 million; 
cut but unset, suitable for gem stones, not 
over Lë carat, 28,704 carats valued at $4.4 
million; cut but unset, suitable for gem 
stones, over Lë carat, 15,484 carats valued 
at $4,920,588. 

Exports and reexports of all other gem 
materials amounted to $12.4 million. Of 
this total, natural precious and semipre- 
cious stones, worked or unworked, not set 
or strung, were valued at $11.1 million. 
Exports and reexports of pearls, natural 
and cultured, not set or strung, were val- 
ued at $0.9 million. Synthetic or recon- 


structed precious or semiprecious stones, 
not set or strung, exports and reexports, 
were valued at $0.4 million. 

Imports of gem material decreased 14 
percent in value compared with that of 
1969. Gem diamonds accounted for 87 per- 
cent of the total value of imports. 

Imports of emeralds decreased 16 percent 
in value, but increased 6 percent in quan- 
tity. Of 24 countries supplying emeralds to 
the United States, India furnished 215,664 
carats valued at $2.8 million; Brazil, 33,565 
carats valued at $0.6 million; and Colom- 
bia, 17,419 carats valued at $1.5 million. 
These three countries furnished 82 percent 
of the quantity (in carats) and 64 percent 
of the value of emeralds. Imports of emer- 
alds from Switzerland amounted to 14,224 
carats valued at $1.2 million, but the ac- 
tual country of origin is unknown. 

Imports of rubies and sapphires de- 
creased 37 percent in value from 29 
countries. Four countries accounted for 76 
percent of the value of rubies and sap- 
phires as follows: Thailand, $2.3 million; 
India, $0.9 million; Ceylon, $0.7 million; 
and Hong Kong, $0.5 million. The value 
of imported natural and cultured pearls 
decreased 22 and 17 percent, respectively; 
the value of imported imitation pearls in- 
creased 122 percent. 


Table 1.—U.S. imports for consumption of precious and semiprecious gem stones 


(Thousand carats and thousand dollars) 


Stones 


Diamonds: 


Rough or uneuũ . - 2-22 L Llc 2 lll llll- 
Cut but unge ð 


Marcasites 


Other precious and semiprecious stones: 
Rough and uncut 
Cut but unset 


Rubies and sapphires: Cut but unseet. 


— e em ep em om — ven ef e op em wm em gn ——— om o en op — em gr vm gp epp e vm em em e wm 


1969 1970 


Quantity Value Quantity Value 


carats__ 2,932 $287,566 2,633 $284,164 
...do.... 1,758 217,081 1,642 190, 733 
230022 309 9,175 326 7,715 
e NA 9,201 NA 5,769 
EE NA 6 NA 4 
GER NA 475 NA 371 
SE NA 12,238 NA 10,184 
EE NA 672 NA 1,493 
3 NA 4,847 NA 10,001 
NAO NA 12,799 NA 12,034 
US NA 559 NA 590 
number 4, 886 2, 793 7,833 4,363 
3 A 282 526 
Lia eu Med NA 8,999 NA 8,096 
5 NA 566,693 NA 486,048 


NA Not available. 
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WORLD 


Angola.—Diamond exports amounted to 
2,239,912 carats, compared with 1,980,394 
carats in 1969, The number of exploration 
projects increased tremendously because 
most of the area previously held exclu- 
sively for Companhia de Diamantes de An- 
gola (DIAMANG) has been released, par- 
ticularly at sites near Luanda and Gabela. 

Australia.—A large kimberlite intrusion 
was located by a team working for Stellar 
Mining Co. in the Kimberley district of 
Western Australia, where gems have been 
discovered in prior vears.6 

Botswana.—Work at the Orapa pipe, cov- 
ering 276 acres, claimed to be the world's 
second largest, proceeded on schedule. 
The indicated recovery ratio of industrial 
diamond to gem diamond was 90 to 10. 
First stage development was forecast for 
July 1971 at 7,250 metric tons per day to 
yield 2 million carats per year. 

Brazil.—Dredging activity for diamond 
in the Rio Jequitinhonha was increased 50 
percent by the transfer of a dredge for- 
merly used for gold recovery in the Rio 
das Belhas by Mineração Tejucana S.A., of 
Minas Gerais. Geologists reportedly found 
diamond pipe or kimberley-like deposits of 
diamonds in Piauí State.s Opals in large 
quantities were also reported from Piauí 
State. Exact weight and value of gem pro- 
duction were unavailable, but the Federal 
Government of Brazil has set up a Gem 
Bank in Minas Gerais State to control the 
gem industry. 

Central African  Republic.—Diamond 
production fell 18 percent in value and 10 
percent in volume from 1969. Most of the 
decrease was due to disagreements between 
mining companies and the Government. 
Also, in 1970 the Government passed a law 
forbidding anyone but native-born citizens 
from prospecting for diamonds or other 
precious stones. 

Congo, Kinshasa.—In 1970 the total out- 
put of diamonds, both gem and industrial, 
was almost equal to that of 1969. However, 
the amount of gem diamonds (in carats) 
increased 256 percent. The increase in gem 
diamonds reflected a decrease in industrial 
diamonds, which alleviated slightly the 
Government's distress in light of the 
planned sales of U.S. surplus industrial 
diamond holdings. The Congo retained its 
world rank of number one for total natu- 
ral diamonds produced. 
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India.—The National Mineral Develop- 
ment Corp. operated the nationalized dia- 
mond industry in the Panna district more 
vigorously, and also conducted prospecting 
operations at Angore, in the Chhatarpur 
district, and at Andhra Pradesh, in the 
Anantpur district.) India aimed to satisfy 
domestic diamond demand through domes- 
tic production. India imported rough dia- 
monds purchased through the Central Sel- 
ling Organization (CSO) and reexported 
finished gems. | 

Israel.— The decrease in general business 
activity in the United States in 1970 af- 
fected the two countries that import the 
greatest amount of rough diamonds and 
export the greatest amount of polished 
diamonds. Belgium ranked first and Israel 
ranked second, and both countries pro- 
cured most of their rough diamonds 
through the CSO. At Tel Aviv, in the 
world's largest diamond exchange, daily 
transactions in 1970 were estimated at $60 
million.10 

Ivory Coast.—Diamond production in 
1970 increased 5 percent over that of 1969. 
A new plant at Tortiya (south of Ko- 
rogho) was started to treat low-grade ore. 
Improvements were also made at older 
plants at Seguela. The increase in produc- 
tion from all plants was estimated at 30 
percent, and will be reflected in future re- 
ports. Output of diamonds from Ivory 
Coast is estimated to be 40 percent gem 
stones. 

Kenya.—Gem stone production included 
amethyst, sapphire, ruby, garnet, tourma- 
line, aquamarine, and zircon. Indicated 
quantities and value were greater than in 
1969. 

Liberia.—Exports of rough diamonds 
were reported as 775,500 carats valued at 
$5.5 million. No distinction was made be- 
tween gem diamonds and industrial dia- 
monds, but according to a report by the 
Director of the Bureau of Natural Re- 
sources and Surveys of Liberia, most of the 
diamond output was not high quality. 


6 Mining & Mineral Engineering (London). 
6, No. 12, December 1970, p. 53. 

1 Mining Magazine. ee Diamonds. V. 
123, No. 6, December 1970, p. 

s Rolf, Almeida. e News To Brazil. Lapi- 
dary J., v. 24, No. 3, June 1970, pp. 514-516. 

o Singh, D. V. A Review on Diamond and Its 
Beneficiation. J. Mines, Metals and Fuels, v. 18, 
No. 11, November 1970, pp. 399-406. 

de » Time. Israel, the Kindest Cut of All. V. 96, 

. 7, Aug. 17, 1970, p. 62. 


533 


GEM STONES 


oV 389 M-YINOS JO ÁJOJ1119,L, I4} LOA] 3nd3no Ausduroo səpn[oxə *əutur IIUI IYJ uro 984) 10] 3deoxe goly u3nog jo o1qndey 394) wu01] 3nd4no Ausduiood Ily , 
ASU L 94) ut seuoj3s YINS JO mos Jofeur A[UO au et eu tibi ay} [88 ASUB |, WOI] Souo4s [BIAN[[BUOU JO uorjonpoJd pəq1odət: Á[[8I9UJO e 


"'8310dX* y 
"pe3e3s 384) JO TE 3sn2ny 3urpuə Iva 10) s3lOdxH y 
*9] BUlI}Se vaum y KH ZUAUIUIBAOS) y 
59) 8011989 3/81/91 e1redeagd oi UCI}BUIIOJUI 
og “pə3st[ ser13unoo eq o3 uorjrppe ul z 
An ue BULAIBA JO soon [erogjoun 
uo peseq “[8.1m309[U09 SI S9LIJUNOI [B1aA—a8s JO os D UT [8303 349 Jo uorinqunsrp pe3eurnse IYL *[18J9P əq3 pug 3nd4no [8909 qu30q 351] SNOS 9J9YA “BjaNZIUIA pus ‘CLAFI 
*(4[uo 6961) 0430897 '(eseusury) o3uoo 'ejo3uy 1dəoxə Sund II JO 9889 oui ut soj2uijse sour] JO NBaINg sques ede puourgip [er13snpur pue puoureip wa3 jo 3urqiodə: 
e3*eredes pejre3ep 34) *4se13u0o u] *e30u300J Aq 938011959 UE 9Q 03 pe3Sorput e 3deoxe poe31ode1 A|[8n39* st A13Uunoo qose jo 3nd3no p 


[819493 quərouynsut et 91943 pus '1eonpoJd 34) Aq [er3uepyuoo se pepe 318 sorjst3e3s 3nd4no 3nq *puoureip seonpoid os|9 BUBAS) 


998 Sp 879 8 SLL gr 898 ‘OF 060 62 SLL II 899 98 6L8 ‘Sz PLI OTE EE 


18909 PIIOM 
— —— — . AO . 
008 TLE | 681, vor 92 199 PIT 59 )) dd... SS dle nzaue A 
088 '2 096 9 009 T 009 2 000 9 009 T 000 2 009 9 OOF E — 27 oec Dco d sss usha e sss o SSO 
06 9 tT 06 9 FI 06 9 J uev evene Ie q Mid. e €iSouopu 
ZT o Zo OTo el 2 01 6 Z Ue ee ee En reo Mu EM MEAS rere AS spot 
T9 LE Pé 89 18 TZ 99 8€ „„ ee d usss eusÁnr) 
05€ 091 091 03€ 09T 091 03€ 091 „ E sss ssp sss ms a e IZ AN 
:88918 iO 

80 658 698 LLL. 888 568 GU 9 „„ P T.... EE. BIUBZUEL 
003 6»  OOTə 00T ée 5203 TOT 826 I GoL'T 98 S Geer Jo Á1031119, |, “BI1Jy 189 M-YINOS 
¿TT 8 OTF y 80 8 898 L 196 P 2198 885 2 p80 5 ooo ĩ Tere jo Ət[qndə% "eut (noe I. 

dme m — a - oum ew mom 
048 e 878 GGG o vL8 09€ vog 96L 818 J!... v y sa 40930 
999 Po 590.2 TIS ée 295. v 010,2 297 C 905 5 268 T DIE gd EE ¿ &u€dulo;) slesg eq 19930 
LL9 ze 800 6 699 869 2 168 J 189 387 2 528 J 39 vd. 8 əutur Jəturəl1d 

jo 9rlqndəq ‘voyy u3nog 
Ja Gee Ta ons ^ QUI or ULL AS 
956 Ts 666 Ts SSL s 686 T 888 T 982 Geh T 696 099 9uoe'[ BƏS 
968 2 903 2 039 s 9FL y8T 299 65¹ ZIZ LBI ARRANCA E ES eq 
LI 81 + 63 vc q St OT J)) ĩ RAR RS E 8 043089] 
GU: 861 98 203 Ter I8 L8T OTT Lb. 0 ecu dd EOM AM 38807) ÁJOA] 
CU s 26 eL os có OL 67 J ee a ae Ub NAM CRA sns ns e Sam) 
639 6 ILZ 6 CSS | 1682 291.2 682 25. 2 205. 2 )))UUUUUõõõ 8 Suen 
980 PT 988 61 — OGSL'I II st eener 167 TOG-II. 695 Ip. T99: (eseysuly) o3uoO 
334 172 Ire. SES L93 893 609 508 JJ. A OS ndnd ueonjy ug? 
968 6 6¹² 216 T 160 2 Por LI9‘T L99‘T 198 SIG"B. CORO Sg ee ee aaa S IEIUNII ee aa e¡o3uy 

f 
1830], Iwuqsnpur wes) 1830], [8ligsnpuy wer) 1830], X [8u3snpu Cal 
z Anno) 
a 0161 6961 8961 


— "H". eee 


(838189 puwgsnou,L) 


rs9Hjunoo Áq “uonənpoid pHoA :puourerq—ç a[qe T. 


534 


Sierra Leone.—Diamonds are the coun- 
try’s most important mineral resource. ‘To 
derive maximum benefit from its diamond 
resources, the Government acquired major- 
ity control (51 percent) of Sierra Leone 
Selection Trust Ltd. (SLST), which had 
the concession to about 450 square miles 
of the best diamond area. A new company, 
the National Diamond Mining Co., Ltd. 
(DIMINCO) was formed. Diamond ex- 
ports dropped owing to the depressed 
world diamond market.11 

South Africa, Republica of.—From the 
best information available, South Africa 
ranked second in total diamond production 
and first in gem diamonds in 1970. The 
Department of Mines also reported pro- 
duction of 7,500,000 carats of emerald, of 
which 4,975,000 carats was exported; and 
1,150 short tons of Tiger's-Eye, of which 
139 short tons was exported. In the annual 
report of De Beers Consolidated Mines 
Ltd., sales by the CSO were 23 percent less 
than sales in 1969, and the book value of 
diamonds-on-hand increased 92 percent.12 

Southern Rhodesia.—A large emerald 
crystal, 2 inches high by 3 inches across, 
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weighing 1,160 carats, was found at the 
Chikwanda mine of Rhodesia Star mines, 
Fort Victoria, Rhodesia, in late December 
1969. If a cut gem stone was produced 
from it, one appraiser estimated the gem 
could be worth $2 million. The collector, 
who has acquired it, intends to keep it 
uncut.13 

Tanzania.—Diamonds were the principal 
mineral mined and almost the entire out- 
put came from Williamson Diamonds Ltd., 
which is 50 percent Government owned. 
Prospecting for colored gem stones at- 
tracted numerous small miners in the 
northern sections for minerals such as 
tanzanite.14 

U.S.S.R.—Diamond production increased 
in 1970 and was claimed by the U.S.S.R. to 
rank second in the world. However, most 
of the output was industrial diamond, and 
was from the pipes in Yakutia near Mirny. 
Gem deposits were reported to have been 
discovered in the Turkestan mountain 
range in Uzbekistan and included tur- 
quoise, amethyst, chalcedony, jasper, and 
selenite.15 


TECHNOLOGY 


The practical aspects of the diamond 
cutter's art, from cleaving and sawing to 
the final facetting operations were de- 
scribed; and the assistance of science was 
explained as an aid to the cutter in under- 
standing the structure and properties of 
the diamond crystal.16 

Pigmented synthetic quartz crystals of 
large size (up to 2 pounds) in citrine, per- 
idine, and cobalt blue colors, developed by 
Soviet scientists, and believed to be in- 
tended for less expensive jewelry items, 
were displayed at gem shows as crystals 
and in cut form in jewelry.17 


On May 28, 1970, General Electric Corp. 
made public its progress in developing 
man-made, gem-quality diamonds up to 1 
carat in size, but the cost of their produc- 
tion exceeded that of natural stones.18 


The defects of the crystalline structure 
of a natural emerald from Muzo, Colom- 
bia, and of an artificial emerald synthes- 
ized by Gilson, were studied by X-ray. The 
study revealed zoning of strong misorienta- 
tions in the natural crystals and a high 
number of irregularities of curved grains 
in the synthetic.19 


Polarized absorption spectra of natural 
yellow, green, and blue sapphires, and of 
synthetic blue sapphires grown by the Ver- 
neuil process were studied and interpreted 
for the roles of titanium and iron in the 
resulting colors.20 


1 Bureau of Mines. Mineral Trade Notes. Dia- 
monds. V. 68, No. 2, pp. 8, 9. 

1 Mining Journal. De Beers Consolidated Mines 
Ltd. Annual Report. V. 276, No. 7082, May 14, 
1971, pp. 389-395. 

Lapidary Journal. Giant Emerald Crystal 
Fund at Ft. Victoria, Rhodesia. V. 24, No. 4, 
July 1970, p. 646. 

14 Skilling's Mining Review. Diamonds and 
Gold Are Leading Exports of Tanzania. V. 59, 
No. 48, Nov. 28, 1970, pp. 14, 15. 
sop Mining. Journal. V. 276, No. 7082, May 14, 

p 

16 Rainier, D. M. How Gem Diamonds are 
Fashioned. Ind. Diamond Rev., v. 30, No. 358, 
September 1970, pp. 350-357. 

17 pough, F. H. Colored Synthetic Quartz From 
Russia. Lapidary J., v. 24, No. 3, June 1970, pp. 
444-446. 

1% Lapidary Journal. G. E. Announces First 
Man-Made Gem-Quality Diamonds. V. 24, No. 
4, July 1970, pp. 540-548. 

19 Schubnel, H. J., and A. Zarka. Topographie 
Aux Rayons X D'une Emeraude Naturelle et 
D'une Émeraude Artificielle. Association Francoise 
de Gemmologie. Bull. No. 25, December 1970, 
pp. 7-10. 

2 Lehmann, G. and H. Harder. Optical Spectra 
of Di- and Trivalent Iron in Corundum. The 
Am. Miner., v. 55, Nos. 1 and 2, January- 
February 1970, pp. 98-105. 


Gold 


By Charles D. Hoyt? 


In contrast to 1968-69, 1970 was a year 
of calm for the gold industry. Prices re- 
mained near the monetary level of $35 per 
ounce until October, when they surged to 
over $39 per ounce. The two most impor- 
tant events of 1970 concerning gold were 
the South African-International Monetary 
Fund (IMF) agreement,2 which essentially 
placed a $35 floor on free-market gold 
prices, and the introduction and use by 
the IMF of special drawing rights (SDR) 
as a new international reserve asset. Both 
of these developments contributed to the 
price stability of gold in 1970. 

World gold output reached a new high 
in 1970 of 47 million ounces. South Africa 
provided over two-thirds of the produc- 
tion. The U.S.S.R., with an estimated out- 
put of 6.5 million ounces, was by far the 
second largest producer. Canada and the 
United States ranked third and fourth, re- 
spectively. 

Domestic gold output increased modestly 
to about 1.74 million ounces. Reduced eco- 
nomic activity in the United States in 1970 
caused a sharp drop in industrial con- 
sumption of gold, which in turn also 
lowered gold imports for industrial use by 
about one-sixth. 


The estimated total world gold reserves 
of non-Communist central banks and gov- 
ernments at the end of December 1970 was 
almost $41.3 billion, a slight increase over 
that of 1969. The U.S. gold reserves at the 
end of 1970 were $11,072 million, which in- 
cluded both Treasury gold ($10,732 mil- 
lion) and Exchange Stabilization Fund 
gold deposits. 

Legislative and Government Programs.— 
On January 1, 1970, IMF made the first al- 
location of $3,414 million in SDR to 104 


participants. The United States, the United 
Kingdom, West Germany, and France had 
the largest allocations which were issued at 
a rate equal to 16.8 percent of IMF quo- 
tas. In the first year of operation for the 
SDR, or “paper gold” as they are often 
called, 37 IMF members exchanged $472 
million in SDR. At yearend, plans were 
made to distribute the second allotment of 
almost $3 billion in SDR, which were to 
be issued on January 1, 1971. The first 
year of operation for the SDR must be 
judged successful since there were no 
major monetary crises and gold prices re- 
mained stable most of the year. 


On July 1, 1970, the Heavy Metals Pro- 
gram of the Department of the Interior, 
which was started in mid-1966, was termi- 
nated. Conducted jointly by the Geological 
Survey and the Bureau of Mines, this com- 
prehensive program to stimulate domestic 
gold production examined in considerable 
depth most aspects of the gold cycle, rang- 
ing from exploration through recycling of 
scrap material. The first commercial bene- 
fits resulting from the program’s explora- 
tion and research activities were achieved 
with the opening of the Nevada Cortez 
gold mine (1969) and the early 1971 start- 
up of the Carlin mill addition. The latter 
addition is using a Bureau of Mines proc- 
ess to treat carbonaceous gold ores. 

Effective April 21, 1970 the Treasury De- 
partment amended the Gold Regulations 3 
to allow holders of Treasury Gold Licenses 
to export gold bullion for sale in foreign 
countries. 


ie Physical scientist, Division of Nonferrous Mef- 
als. 
2 International Monetary Fund. 1970 Annual 
9 Pp. 184-189. 
U.S. Department of the EES Exports of 
Gold. 35 FR 4815, Apr. 21, 1970. 


535 


MINERALS YEARBOOK, 1970 


Table 1.—Salient gold statistics 


1966 1967 1968 1969 1970 
United States: 
Mine production. thousand troy ounces. . 1,808 1,584 1,478 1,733 1,748 
Ales 8 thousands. $63,119 355, 447 $58,038 $71,944 $63,439 
Ore (dry and siliceous) produced: 
Gold ore thousand short tons 8,447 8,076 2,780 3,393 3,692 
Gold-silver ore do- 248 157 199 208 W 
Silver ore do 669 617 655 r 655 673 
Percentage derived from 
Dry and siliceous oren um 58 69 63 59 60 
Base-metal ore s 37 27 34 40 38 
ee usa o wRSCO LEADS 5 4 3 1 2 
Refinery production ! 
thousand troy ounces.. 1,802 1,526 1,539 1,717 NA 
Exports e rc do.... 13,067 28,720 23,962 338 1,074 
Imports, general h) do- 1,200 930 5,944 5,861 6,652 
Stocks Dec. 31: 
Monetary ))) millions $13,235 $12,065 $10,892 $11,859 $11,072 
Industrial... thousand troy ounces.. 2,734 R ; : ; 
Consumption in industry and the arts 
thousand troy ounces.. 6,062 6,294 6,604 7,109 5,973 
rice: Average per troy ounce.........- $35.00 $35.00 $39.26 $41.51 $36.41 
or 
Production thousand troy ounces.. 46, 580 45,787 46,165 46,526 47,356 
Official reserves bz... millions.. $43,185 $41,600 $40,905 * $41,010 $41,280 
r Revised. NA Not available. W Withheld to avoid disclosing individual company confidential data; 


included in gold ore, silver ore, and lead-zinc ores. 
1 From domestic ores—U.S. Bureau of the Mint. 
2 Excludes coinage. 
3 Includes gold in Exchange Stabilization Fund. 


4 U.S. Treasury price through Mar. 15, 1968, and Engelhard selling quotations Mar. 20, 1968, through 1970. 


5 Held by free-world central banks and governments. 


DOMESTIC PRODUCTION 


In 1970 domestic mine production of 
gold increased slightly to 1.74 million 
ounces. Increased output in Alaska, Colo- 
rado, and Nevada more than compensated 
for modest declines in South Dakota and 
Utah. Gold output by the Homestake Min- 
ing Co. declined slightly to 578,644 ounces 
valued at over $21 million for an average 
selling price of $36.39 per ounce. Home- 
stake, the country's largest gold mine, 
processed 1.95 million tons of ore in 1970. 
In addition to the gold, 117,000 ounces of 
byproduct silver were recovered. Measured 
ore reserves at yearend were slightly over 9 
million tons, and indicated ore reserves 
were 1.4 million tons. 


In late 1970, Homestake announced 
plans for a 5-year, $8 million, deep-level 
development program. The program will 
exploit richer ore bodies between the 4,850 
and 6,800-foot level. At present, this is the 
deepest mining level. A six-compartment 
shaft will be sunk from the 4,850-foot level 
to the 7,400-foot level. 


Gold output at the Carlin, Nev. open 
pit operation declined slightly, and the 


newer Cortez mine increased its output by 
one-fourth. The Carlin operation stripped 
about 5 million tons of waste and mined 
1.2 million tons of ore. The mill processed 
about 860,000 tons of ore and recovered 
slightly over 201,000 ounces of gold. In its 
first complete year of operation, Cortez 
Gold Mines, stripped 3.3 million tons of 
waste and recovered 209,000 ounces of gold 
by milling about 744,000 tons of ore. The 
proven ore reserves at Cortez are about 3 
million tons averaging 0.275 ounce of gold 
per ton. The Cortez gold production is re- 
fined by Engelhard Industries. 


The second largest domestic gold produc- 
er was the Utah Mines Division of Ken- 
necott Copper Corp. at Bingham Canyon, 
near Salt Lake City. In 1970 the processing 
of over 40 million tons of copper ore 
yielded over 355,000 ounces of byproduct 
gold. 


Combined output from the country's 
four largest gold producers—Homestake, 
Utah Mines, Cortez, and Carlin—repre- 
sented three-quarters of the total domestic 
production in 1970. 


GOLD 
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Figure 1.—Gold production in the United States. 


In addition to Homestake, Carlin, and 
Cortez, the only other primary domestic 
gold producer was the Mayflower mine in 
the Park City district, Utah. This mine, 
operated by Hecla Mining Co., mined and 
milled 116,000 tons of ore and recovered 
50,798 4 ounces of gold, along with silver, 
lead, zinc, and copper. Ore reserves at 
yearend were estimated at 240,000 tons. 

In late 1970, the Carlin Gold Mining 
Co. completed construction of a new 600- 
ton-per-day milling unit to treat carbona- 
ceous ores which had previously been 
stockpiled. The new unit was to go on 
stream in January 1971. Heap-leaching ex- 
periments were being conducted at both 
the Carlin and Cortez mines. 

In recent years, secondary gold (scrap) 
recovery has become increasingly important 
as a source of commercial supply. Over the 
past decade secondary gold output has in- 
creased more than 214 times. Secondary 


output for 1970 declined, but still will 
supply a very significant portion of total 
commercial demand, probably about 35 to 
40 percent. 

Because of the high intrinsic value of 
gold, and the precious metals in general, 
the scrap cycle is quite sophisticated. Elab- 
orate precautions are usually taken to re- 
cover all forms of gold scrap. Industrial 
scrap undoubtedly has a lower degree of 
total recovery because of its low gold con- 
tent, which may only be 2 to 4 cents per 
square inch of plated surface. The intro- 
duction of selective gold plating (plating 
only the area that needs the gold) in re- 
cent years has probably further reduced 
the unit value per square inch plated. The 
economics of such recovery are dependent 
on the value of the associated metals. 


4 oo Mining Co. Annual Report, 1969. Pp. 
1 e° 
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CONSUMPTION AND USES 


Domestic consumption of gold, as indi- 
cated by sales to fabricators of industrial 
and artistic products, declined sharply in 
1970 owing to reduced economic activity in 
the United States. The Office of Domestic 
Gold and Silver Operations, U.S, Treasury 
Department, estimated the net domestic in- 
dustrial use of gold for 1970 to be 56 per- 
cent for jewelry and the arts, 33 percent 
for industrial uses, and the remaining 11 
percent for dentistry. 

Historically, the dominant domestic use 
for gold was in jewelry and the arts, 
which in 1960 consumed nearly 70 percent 
of total commercial demand. By 1970 these 
uses had dropped to slightly over half of 
total demand. Industrial, space, and defense 
uses of gold through the past decade have 
approximately doubled. Even in 1970, with 
the reduced overall consumption, in- 
dustrial uses increased their share of the 
total demand. 

Much of the gold used in industry is in 
the form of metal or metal alloys. Gold in 
high-quality jewelry is in the form of 
Karat gold, an alloy of gold (58.3 percent 
for 14 Karat) and copper (about 25 to 32 
percent for 14 Karat) , further alloyed with 
other metals (silver, zinc, platinum, etc.) 
depending on the type of jewelry to be 
manufactured. In addition, substantial 
amounts of gold are consumed in the elec- 
troplating of jewelry and decorative arti- 
cles, and also as rolled gold plate and gold 
fill. Gold-containing brazing alloys also are 
used in jewelry. In dentistry, gold alloys 
containing 20 to 70 percent gold are used 
in wire form for orthodontic applications, 


and alloys (with 60 to 92.5 percent gold) 
are used in cast form for inlays, crowns, 
bridges, etc. Gold alloys are also used as 
solders. “The ease of preparation of gold 
alloy castings by the dentist is an impor- 
tant positive factor in their extensive use. 

The major industrial use of gold is in 
the electrical and electronics industry, be- 
cause it has outstanding characteristics of 
high electrical conductivity, high heat and 
light reflectivity, superior malleability, and 
corrosion resistance. One of the major uses 
is in forming separable connectors and 
sockets to provide low-resistance connec- 
tions in all types of applications. Gold is 
also used widely in printed circuitry be- 
cause it provides the low-cost, long-term, 
low-resistance, and low-pressure contact 
needed for insertion and removal of the 
circuits. No other metal can compete in 
application with this combination of desir- 
able characteristics. Other important appli- 
cations for industrial gold are in semicon- 
ductor parts, electron tubes, microwave 
guide coatings, and various types of relay 
and switch contacts. There are also numer- 
ous special uses for gold in space and de- 
fense applications where high quality over 
long periods of time is mandatory. The 
largest single application for brazing alloys 
is in jet-engine seals and manifolds which 
require 20 to 30 ounces per engine. The 
aircraft and space industry also consume 
small, but significant amounts of gold in 
numerous exotic uses, such as space heater 
reflectors, face masks, coatings for engine . 
shrouds, and duct work on fighter airtraft. 


STOCKS 


Monetary.—Compared with December 
1969, the December 1970 total U.S. gold 
stock, including gold in the Exchange Sta- 
bilization Fund, declined $787 million to 
$11,072 million. This loss compares with a 
gain during 1969 of $967 million. The 
1970 decline was largely accounted for by 
two -transactions with the IMF. The first 
was a resale of $400 million in gold out of 
$800 million sold to the United States by 
the IMF in the 1956-60 period. The sec- 
ond was a U.S. quota payment in Decem- 
ber 1970 to the IMF of $385 million. 

The U.S. balance of payments, measured 


on a liquidity basis, showed a deficit of 
over $4.5 billion (excluding the SDR allo- 
cation) This compares with the 1969 
liquidity deficit of $7.0 billion. The 1970 
estimate for the balance of payments deficit 
on the official reserve transactions basis in- 
dicates a deficit of about $9.5 billion in- 
cluding the SDR, as compared with a sur- 
plus of $2.7 billion in 1969. 

Interpretation of these figures is par- 
ticularly complicated because of  Euro- 
dollar transactions. The President’s Council 
of Economic Advisers characterized 1970 as 
“a year of general calm in the foreign ex- 


GOLD 


change markets. It was free of any crises 
like those that had occured intermittently 
in preceding years.” 5 

At yearend the gold reserves of non- 
Communist central banks and governments, 
and international banking institutions were 
estimated at $41,280 million compared 
with $41,010 miillion at the end of 1969. 
Gold reserves of principal non-Communist 
countries in millions of dollars at the end 
of 1970 were as follows: West Germany, 
$3,980; France, $3,532; Italy, $2,887; Switz- 
erland, $2,732; the Netherlands, $1,787; 
and the United Kingdom, $1,349. IMF had 


45,000 


Non-Communist world total 
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gold reserves of $4,339 million at the end, 
of 1970. 

Industrial.—Gold held in inventories by 
domestic refiners and fabricators declined 4 
percent below yearend 1969 stocks to 
3,984,000 ounces according to the Office of 
Domestic Gold and Silver Operations, U.S. 
Department of the Treasury. Industry 
stocks had increased steadily from 1.66 mil- 
lion ounces in 1960 to 42 million in 1969. 
The decline in 1970 was the first in 11 
years. 


5 Economic Report of the President. February 
1971, p. 143. 
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Figure 2.—Gold reserves of free world central banks and governments. 
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PRICES 


During much of 1970 gold prices re- 
mained near the monetary level within a 
range of $35 to $37 per ounce. The aver- 
age selling price for gold as quoted by Eng- 
elhard Industries in 1970 was $36.41 per 
ounce. Monthly averages and price ranges 
are compiled in table 2. U.S. gold prices 
surged to a 1970 high of $39.45 per ounce 
in late October, possibly as a cumulative 
reaction to the 10 months of low prices. 
The demand subsided and the year closed 
at about $38 per ounce. 

The general London gold pricing paral- 
lelled U.S. prices, but were about $0.45 per 
ounce lower. 

Factors depressing gold prices included 
unloading of earlier speculative gold pur- 
chases, South African free market sales, the 
success Of the SDR, change in the Euro- 
dollar situation, and reduced U.S. economic 
activity with lessened commercial gold de- 
mand. 


Table 2.—U.S. monthly gold selling price 
(Engelhard Industries) 


1970 
Month — — 

Average Low High 

January...........- $35.39 $335.20 $35.60 
Februar 35.4 35.4 35. 50 
Marek s. 35. 55 35.40 35.75 
ADPbUG geet 86.07 35.75 36.30 
May; ë catas sea 36.44 36.15 36.65 
Jans; 35.93 35. 65 36.15 
d'Oscare 35.82 35.75 36.00 
August 35. 90 35. 75 36.30 
September 36. 64 36.35 36.85 
October............. 87.96 86.75 89.45 
November 37.89 87.20 88.10 
ecember........... 87.88 87.55 38.10 
Average...... 36.41 36.08 36.78 


The greatest stimuli to increased gold 
prices and a positive long-term upward 
price trend for gold were two comprehen- 
sive studies on existing world demand pat- 
terns that were compiled by two major 
London-based mining groups. These stud- 
ies were made by Consolidated Gold Fields 
Ltd.6 and Charter Consolidated Ltd.7 Both 
studies concluded that private demand in 


1968 and 1969 for fabricated gold already 
exceeded the free world output of 41 mil- 
lion ounces. This leads to the conclusion 
that with a relatively fixed supply and ris- 
ing commercia] demand, the long-term 
price trend can only be upward. Earlier es- 
timates of world commercial demand for 
gold have traditionally stated that it was 
about half of world output. 

The Gold Fields study showed that 
about three-fourths of world commercial 
gold demand goes to jewelry manufactur- 
ing. The balance was consumed in elec- 
tronics, dentistry, decorative, additional in- 
dustrial uses, and in coin and metal 
markets. These markets were distributed 
among Europe, 41 percent; the United 
States, 16 percent; other industrialized 
countries, 614 percent; India and Pakistan, 
14 percent; and the remainder, 2214 per- 
cent among all other nations. 

The Gold Fields study carefully defines 
and categorizes various types of specula- 
tion, hoarding, and consumption. Both the 
Gold Fields and the Charter Consolidated 
studies 8 reached similar conclusions. One 
of the major complicating factors in a 
study of private gold demand was illus- 
trated in the Charter findings, which ob- 
served that in 1968 about 40 percent of 
the world's nonmonetary absorption of 
gold passed at some stage through unoffi- 
cial hands (it was smuggled) before reach- 
ing its market. The main conclusion of 
this study of the nonmonetary market is 
that "the outlook for gold is much more 
resilient than many people have supposed 

„and that ... gold is. . . already in a 
position to stand independently as an in- 
dustrial commodity." 

It is interesting to note that the 1970 
Annual Report of the IMF, released Sep- 
tember 7, 1970, estimates 1969 industrial 
and artistic use of gold to be $930 million, 
based on the $35 monetary price. Theoreti- 
cally this would be increased to $1.1 billion 
in gold since the average 1969 U.S. free 
market gold price was $41.51. 


FOREIGN TRADE 


In 1970 total U.S. gold imports were 
about 6.7 million ounces and exports were 
about 1.1 million ounces. Most of this 
trade was in refined bullion form. Canada 
provided 64 percent of the imports and 
Switzerland provided 13 percent. South Af- 


6 Lloyd-Jacob, D. O., and P. D. Fells. Gold 
1969 (Private study). 49 Moorgate, London, 
E.C.2. September 1969, 18 pp. 

7 Smets, L. Gold: Dodo or Phoenix? Optima, v. 
2, No. 2, June 1970, pp. 51-55. 

8 Work cited in footnote 6 and 7. 
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rica and India received nearly all the ex- 
ports. Nearly 90 percent of the exports 
were monetary transactions, and an esti- 
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mated 40 percent of the imports were 
monetary movements; the balance were im- 
ports for commercial uses. 
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Figure 3.—Net exports or imports of gold. 


WORLD REVIEW 


Total world gold output in 1970 reached 
a record level of 47.36 million ounces, 
compared with the 1969 level of 46.53 mil- 
lion ounces. The major factor in this in- 
crease was the Republic of South Africa’s 
record high production of 32.16 million 
ounces, supported by estimates of contin- 
ued increases in gold output of the 
U.S.S.R. 
. Canada.—Output of gold in Canada in 
1970 dropped for the 10th consecutive 
year. It declined 8 percent below the 1969 
level to 2.34 million ounces. The most im- 
portant development for Canadian gold 
mines was the Government's decision to 
extend the Emergency Gold Mining Assist- 
ance Act (EGMA) to June 30, 1973. It was 
to expire on December 31, 1970. EGMA was 


first applied in 1948-50. Until September 
1970, this subsidy program paid $281 mil- 
lion to gold mine operators. 

In the first half of this century, gold 
mining was of unusual importance to Can- 
ada's northern development, and to its 
economy in general. From about 1920 to 
the 1950's, gold was Canada's most valua- 
ble mineral commodity. Even today there 
are six Canadian communities which are 
primarily dependent on gold mining for 
most of their economic support. A recent 
study by Cyril G. Delbridge, of the Cana- 
dian Government's Economic Research Sec- 
tion, Mineral Resources Branch of the De- 
partment of Energy, Mines, and Resources, 
Ottawa, projects a continual decline in 
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Canadian gold output throughout the 1970's. 

In the latest EGMA annual report 9 for 
the fiscal year ending March 31, 1970, it 
reports that 33 gold mines received assist- 
ance, and that three gold mines shut down 
in 1969. EGMA assistance payments for 
this fiscal year were $14.4 million. The 
Campbell Red Lake mine in Ontario, be- 
cause of low production costs, was the only 
operating lode gold mine ineligible for as- 
sistance. 

Output by Giant Yellowknife Mines Ltd. 
in the Northwest Territories dropped 
slightly in 1970 to almost 229,000 ounces 
recovered from processing 425,000 tons of 
ore. This was sold at an average price of 
$36.47 per ounce. 

Ghana.—In early 1969, Lonrho Ltd., a 
London-based investment firm with world- 
wide interests, acquired Ashanti Goldfields 
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Corp., Ltd., the major gold producer in 
Ghana. Lonrho received from the Govern- 
ment of Ghana a royalty-free, 50-year 
lease, dating from 1969, in exchange for 20 
percent of the Ashanti equity. The Ghana 
Government also has the option to pur- 
chase an additional 20 percent. In 1969 a 
new shaft was sunk to 5,200 feet, and the 
mill capacity was expanded to 80,000 tons 
per month. Despite a strike in June and 
July, in the fiscal year ending September 
30, 1970, gold recovery was 480,000 ounces 
from milling 620,000 tons of ore. This was 
a slight increase over 1969 output. Capital 
expenditures at Ashanti are almost $3 mil- 
lion per year. It is expected that output in 
1971 will be 516,000 ounces, and that an- 


9 Department of Energy, Mines and Resources 
(Ontario, Canada). Report on the Administration 
of the Emergency Gold Mining Assistance Act for 
the al year ended Mar. 31, 1970. July 1970, 
pp. 7-8. 
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Figure 4.—World production of gold. 
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nual production “will continue to increase 
substantially in coming years.” 10 

Philippines.—Gold output in 1970 com- 
pared with 1969 increased about 6 percent 
to nearly 603,000 ounces. The major gold 
producer, Benguet Consolidated, Inc., pro- 
duced about 40 percent of the total out- 
put. The second largest producer, Lepanto 
Consolidated Mining Co., increased its 
output in 1970 and was responsible for 
nearly 23 percent of the year's total. Out- 
put at Lepanto should expand further in 
1971 when a new 200-ton-per-day mill be- 
gins operation. Mill construction began in 
August 1970, and completion is scheduled 
for mid-1971. 

The Philippine gold mines operate 
under a Government subsidy program in 
which the mines must sell their output to 
the Government at $35 per ounce to be el- 
igible for the subsidy. Small mines are 
paid at a maximum subsidy rate of $40.82 
per troy ounce, and the larger mines have 
a maximum subsidy of $36.11 per ounce. 
The mines may sell their gold on the free 
market if they choose to forego the sub- 
sidy. It appears as though this may be 
likely in 1971 if the free market prices 
continue their upward trend. 

Coproduct gold is mined primarily by 
Philex Mining Corp. and Atlas Consoli- 
dated Mining and Development Corp., 
which annually produce about 50,000 
ounces and 28,000 ounces, respectively. It is 
expected that coproduct output will in- 
crease in the future as copper production 
expands. 

South Africa, Republic of.—Output 
from South African gold mines in 1970 
reached a record level of 32.16 million 
ounces valued at $1.097 billion from the 
mining and milling of 74.47 million tons 
of ore. Nearly all of this production came 
from 47 deep underground mines that are 
members of the Chamber of Mines of 
South Africa. One mine, the Luipaard Vlei 
operation, shut down on March 31, 1970. 
Among the other 46 mines, the West Rand 
Consolidated produces both gold and ura- 
nium as primary products. Nine of the re- 
maining 45 mines produce uranium as a 
byproduct of gold mining. Nearly all of 
the 47 mines are owned by the following 
seven large mining investment houses: 
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Company Mines 
Anglo-America Corp. of South Africa, Ltd... 12 
Gold Fields of South Africa, Ltd 8 
Union Corporation, Ltd 8 
Anglo-Transvaal Consolidated Inv., Co., 

L U IONS ͥ ͥͥ d y EE 5 
Rand Mines, Ltd. 4 
General Mining & Finance Corp. Ltd - 4 
Johannesburg Consolidated Inv. Co., Ltd... 2 


Because of the importance of gold min- 
ing to the economy, the South African 
Government began subsidizing marginal 
gold mines on April 1, 1968, under the 
Gold Mines Assistance Act. Mines are eligi- 
ble if, without tlie benefit of assistance, 
they would be forced to close within 8 
years. A fixed formula determines the rate 
of assistance. During 1970, 19 mines re- 
ceived assistance under the new program. 

The importance of increased gold prices 
to South Africa was indicated by the esti- 
mate of the Chamber of Mines' president 
that for each $1.00 increase in gold price, 
almost 8 million ounces of gold could be 
mined that would not otherwise be eco- 
nomically feasible to mine. 

In 1970 the South African Government 
agreed to provide a loan of $10 million to 
open a new gold mine in the West Rand, 
near Johannesburg. Shaft sinking is sched- 
uled to begin in 1971, and the mine is ex- 
pected to begin production in 1974 and to 
reach full production of 100,000 tons per 
month in 1975. 

Although the mining industry is diversi- 
fying rapidly, gold mining is still very im- 
portant to the South African economy and 
is its major source of foreign exchange. 
Therefore, the question of the ‘long-range 
future of gold mining is of major concern 
to South Africans and to the world's in- 
dustrial users of gold. It now appears that 
the current level of output can be sus- 
tained for most of the 1970's. Beyond this, 
it appears likely that output will decline. 
Factors contributing to the decline will be 
as follows: lower ore grades, inflation, 
skilled labor shortages, the need for deeper 
mining with associated temperature and 
rock pressure problems, increased capital 
expenditures, and lower world prices for 
uranium, which is associated as a byprod- 
uct from about one-sixth of the existing 
gold mines. On the sustaining side, output 
levels would be assisted by higher gold 


10 Lonrho Limited Report and Accounts. An- 
nual Report, 1970. | 
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prices, increased mining productivity 
through introduction of selective mining 
techniques, long-term uranium contracts at 
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higher price levels, and increased South 
African assistance in financing new mines 
or subsidizing existing operations. 


TECHNOLOGY 


The Department of the Interior's Heavy 
Metals Program was formally terminated 
in mid-1970, but some elements of the re- 
search have been continued. In late 1970 
the Carlin Gold Mining Co. completed the 
construction of its new  500-ton-per-day 
mill which is using the Bureau of Mines’ 
process to treat carbonaceous gold ores. 
This plant was scheduled to begin opera- 
tion in January 1971. Research on the de- 
velopment of heap-leaching techniques was 
continued by the Bureau of Mines in co- 
operation with both the Carlin and the 
Cortez gold mining operations. At the Car- 
Jin operation, a commercial size unit using 
cyanide leaching has been operating. This 
four-pad unit can leach about 16,000 tons 
of crushed ore per month. The ore feed 
reportedly averages 0.06 ounce of gold per 
ton of ore. 

In 1970 the Bureau of Mines Salt Lake 
City Metallurgy Research Center conducted 
field and laboratory research on the appli- 
cation of activated carbon to the recovery 
of gold from dilute cyanide solutions and 
ore pulps. An unsuccessful research at- 
tempt was made to leach gold-bearing mill 
tailings from the Mercur, Utah, tailings 
dump. This work was described in a Bu- 
reau report.11 

Bureau research continued on the recov- 
ery Of precious metals from electronic 
scrap. The dual objectives of the project 
are to develop methods of determining the 
type and amount of precious metals in 
military electronic scrap and to develop an 
economical process for recovering precious 
metals from low-value scrap. Pyrometal- 
lurgical methods are complicated by large 
amounts of aluminum which require exces- 
sive amounts of fluxes and form difficult- 
to-handle slags. 

In late 1970 the trade press reported 
extensively 12 on a new highly efficient ion 
exchange resin discovered and developed 
by Dr. Gabriella Schmuckler of the Tech- 
nion-Israel Institute of Technology. The 
Bureau of Mines investigated the resin and 
concluded, “The resin was found to quan- 
titatively collect gold from acid solutions 
over a wide range of acid concentrations. 


Common metals were not collected by the 
resin nor did they seriously interfere with 
the collection of gold." 13 

Research investigation results have also 
been published on the  gold-chlorine 
system 14 for use in chlorine metallurgy, 
and on the use of malononitrile CH2 (CN) 2 
as a gold leachant.15 

A statistical analysis was made of wagon- 
drill gold samples from the Nevada Getchell 
mine. The study concluded that wagon-drill 
hole cuttings appear to yield satisfactory 
samples . . . and that in submicron de- 
posits, such as Getchell, fewer samples can 
provide satisfactory grade estimates than if 
the deposit were coarse-grained.16 

Concerning resources, publications were 
issued on gold placer mining evaluation 
and dredge selection,17 gold investigations 
in Idaho,18 and a study of the role of car- 
bonaceous materials in gold deposits at 
Carlin, Nev.19 The Geological Survey is- 
sued reports on the gold content of water, 


11 Nichols, I. L., and L. Peterson. Leaching 
Gold-Bearing Mill Tailings From Mercur, Utah. 
BuMines Rept. of Inv. 7395, June 1970, 10 pp. 

12 Secondary Raw Materials. New Process To 
Recover Precious Metals Developed by Israel 
Technion Researcher. V. 8, No. 12, December 
1970, pp. 51-52. 

13 Green, T. E., and S. L. Law. Properties of 
an Ion Exchange Resin With High Selectivity for 
Gold. BuMines Rept. of Inv. 7358, 1970, p. 9. 

14 Landsberg, A., and C. L. Hoatson. The Ki- 
netics and Equilibria of the Gold-Chlorine Sys- 
tem. J. of the Less-Common Metals, v. 22, No. 
3, November 1970, pp. 327-339. 

15 Heinen, H. J., J. A. Eisele, and B. J. 
Scheiner. Malononitrile Extraction of Gold From 
Ores. BuMines Rept. of Inv. 7464, December 
1970, 11 pp. 

16 Koch, George S., Jr., and Richard F. Link. 
A Statistical Interpretation of Sample Assay Data 
From the Getchell Mine, Humboldt County, Ne- 
vada. BuMines Rept. of Inv. 7383, May 1970, 23 
pP. | 

17 Romanowitz, C. M., H. J. Bennett, and W. 
L. Dare. Gold Placer Mining. BuMines Inf. Circ. 
8462, 1970, 56 pp. 


18 Banister, D’Arcy P. Geochemical Investiga- 


tions for Id, Antimony, and Silver at Stibnite, 
Idaho. BuMines Rept. of Inv. 7417, July 1970, 7 
pp. 


Rice, W. L. Investigation of a Low-Grade Gold 
Deposit in the Orogrande District, Idaho. Bu- 
Mines Rept. of Inv. 7425, September 1970, 14 


pp. 

19 Radtke, A. S., and B. J. Scheiner. Studies of 
Hydrothermal Gold Deposition, Carlin Gold De- 
posit, Nevada: The Role of Carbonaceous Mate- 
rials in Gold Deposition. Econ. Geol., v. 65, No. 
2, March-April 1970, pp. 87-102. 
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plants and animals 20 and the absorption 
of gold by plants.21 

One element of the Bureau of Mines’ re- 
source investigations is to develop methods 
for the cost evaluation of mineral deposits. 
A comprehensive study 22 was made using 
sensitivity and probabilistic analysis meth- 
ods to obtain a financial evaluation of 
mineral deposits. Data used to illustrate 
the evaluation method were from a large, 
low-grade, open pit gold deposit. The Geo- 
logical Survey reported on a portable re- 
fraction survey of the Nome, Alaska, gold 
placers 23 which was conducted in 1967, as 
part of the heavy metals program. 

A technological forecast for the 1970's 
concluded that the prospects for precious 
metals are good, since the most dramatic 
advances are expected to be in the growth 
of requirements for electronic materials. 
Greater use is predicted for gold, silver, and 
platinum in thin film circuits. Gold is ex- 
pected to be used more in bimetallic sub- 
strates, mountings, and frames. Much of 
the industrial gold used in electronic appli- 
cations is elecroplated.24 

A brief review by staff members of Eng- 
elhard Minerals & Chemicals Corp. of the 
rigorous controls and standards for 
electroplating was presented.25 Matthey- 
Bishop announced 26 it was introducing a 
new line of thick film inks for making hy- 
brid and integrated electronic circuits 
using combinations of gold with plati- 
num-group metals. The trade press also 
reported 27 that Englehard had developed 
a new high-speed process known as E.H.S. 
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for gold-plating strip and wire, which 
plates at a reported rate of 100 mi- 
croinches per minute. 


Since 1968, the Chamber of Mines of 
South Africa Research Organization has 
been publishing on a quarterly basis the 
Gold Bulletin with selected abstracts from 
the technical literature on gold.28 These 
are prepared on behalf of the Chamber by 
Johnson Matthey and Co., Ltd., London. 
This useful bibliographic reference ab- 
stracts both periodicals and patent specifi- 
cations. The four 1970 issues contain about 
350 to 400 abstracts. 


20 Jones, R. S. Gold Content of Water, Plants, 
and Animals, U.S. Geol. Survey Circ. 625, 1970, 


15 pp. 

21 Shacklette, H. T., H. W. Lakin, A. E. Hu- 
bert, and G. C. Curtin. Absorption of Gold by 
Plants. U.S. Geol. Survey Bull. 1314—B, 1970, 23 


pp. 

22 Bennett, H. J., Jerrold G. Thompson, H. J. 
Quiring, and J. E. Toland. Financial Evaulation 
of Mineral Deposits Using Sensitivity and Proba- 
bilistic Analysis Methods. BuMines Inf. Circ. 
8495, 1970, 82 pp. 

23 Greene, H. G. A Portable Refraction Seismo- 
graph Survey of Gold Placer Areas Near Nome, 
Alaska. U.S. Geol. Survey Bull. 1312-B, 1970, 29 


pp. 

24 Metal Progress. Surveying the 70's. V. 97, 
No. 1, January 1970, p. 21. 

25 Haley, A., R. Bazzone, and P. Epstein. Speci- 
fying and Testing Gold Plating. Electronic Prod- 
ucts Magazine, v. 13, No. 8, Jan. 18, 1971, pp. 
91-94, 136. 

26 American Metal Market. Matthey-Bishop 
Launches Group To Make Thick Film Inks. V. 
77, No. 157, Aug. 17, 1970, p. 19. 

27 American Metal Market. Precious Clads Boast 
of Many Assets. V. 77, No. 151, Aug. 7, 1970, p. 
7A-sec. 2. 

28 Chamber of Mines of South Africa Research 
Organization (Johannesburg). Gold Bulletin, 
Quarterly Publication. 1970 issues, No. 9-12. 


Table 3.—Mine production of recoverable gold in the United States, by States 


(Troy ounces) 


State 1966 1967 1968 1969 1970 

Alaska. ` 27,825 22,948 21,262 21,227 34,776 
Arizona. A A NA 142,528 80,844 95,999 110,878 109,858 
California 64, 764 40, 570 15, 682 „90 4,99 
Coloradoouw wM!R!.G 31,915 21,181 22, 638 25,777 37,114 
Idaho... eee ela du gre 5,056 4,888 3,227 8,408 9,128 
Montana. azza 25,009 9,786 13,385 24,189 22,456 
Nevada. 366,903 434,993 317,382 456,294 480,144 
New Mexico 9,295 5,1 6,630 8,952 8,719 
Oregon 281 186 2 875 256 
Pennsylvania . . .. Wet RUNE UND 85,000 73,337 54,453 47,020 55,008 
South Dakota 606,467 601,785 593,052 593,146 578,716 
Tennessee 14 1 140 126 124 
WC oot enne 438,736 288,350 334,419 433,385 408,029 
Washington (1) (1) (1) (1) 1 
EE ) 

Total c2 a 1,803,420 1,584,187 1,478,292 1,733,176 1,743,322 


1 Production of Pennsylvania, Washington, and Wyoming (1969) combined to avoid disclosing individual 


company confidential data. 
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Table 4.—Mine production of recoverable gold in the United States, by months 
(Troy ounces) 


Month 1969 1970 

PS TA A OO... 128,918 146,274 
Februar 129, 443 135,829 
March... o ͤ d m. . IE 147, 158 148,173 
„ee AN eee 143,237 138,898 
& A E ET ͤ ae EE 144,811 147,838 
DUNG AI A O A 133,257 147,955 
See 147,218 139,139 
UU PT 151,655 150,685 
1 22-2 ee 147,700 147,062 
October 162, 577 143, 382 
Novembeerr?tkſ;uͥu ee 153,476 151,698 
December 143, 726 147, 889 


„ o dis 1,733,176 1,743,322 
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Table 6.—Production of gold in the United States in 1970, by States, types of mines, 
and classes of ore yielding gold, in terms of recoverable metal 


Lode 
Placer : 
(troy Gold ore Gold-silver ore Silver ore 
State ounee — T ____ —Ə C  —P—n—o — — 
of gold) Troy ounces Troy ounces Troy ounces 
Short tons of gold Short tons of gold Short tons of gold 
Alaska J); ²]̃âr?[(1ù%ð ²ð ẽͥꝰ ...... ß juss. wu a. mus 
Arizonae˖.˖ . 144 6 (1) (1) 1 89,583 1 506 
California. .......... 2,264 990 948 (2) AA 
Colorado CJ; è ¶ñ⅛ lf d neue. Sexe ss 3 (3) 
Idaho 240 134 (1) (1) 1 543,849 1974 
Montana 1 4) 4 (4) (4) 4 88,801 42,768 
Nevada. 3 51,661,485 410, 7o/⸗ _... (5) (5) 
New Mexiko (1) (1) 1476 174 
South Dakota 1,954,129 BIB TID. ege, see 49 y 
Utah. A Ee IO (2) (2) 533 6 
Other States 6.......- 38 75,135 54,010 300 215 75 1 
Total........- 38,713 3,692,123 1,044,577 300 215 673,366 4,330 
Percent of total gold > ceu 1 A ites (7) 
Lode 
Copper ore Lead ore Zinc ore 
Troy ounces Troy ounces Troy ounces 
Short tons of gold Short tons of gold Short tons of gold 
AI8EkR ee tc cata CA. a une TS 
Arizona.. 134, 968, 089 107,292 100 Eee. tees 
California O2 ̃ AAA TA enee 
Colorado. ..........- 8 306,300 8 866 (8) (8) (8) (8) 
Idaho... ou ue 1,601 86,054 20. eh 
Montana 8 18, 726, 463 8 19, 638 (8 (8) (8) (8) 
Nevada 14,183,221 69,188 8,697 2777722722 ͤ dehiscens 
New Mexico 18,591, 648 hh / meant 89,778 63 
Soutb DRKOLB-. coa salar, a . ß ß alas. Basa 
Utah...............- 40,147,764 347 ,548 32,754 777 A 8 
Other States to cocacola: ·yyßydß ⁊¾ . ³ ! cl uu 
Total........- 226,925,148 552,969 72,605 491 39,773 63 
Percent of total gold „% s LEO 3 - whom (7) 
Lode 
Copper-lead, lead-zinc, 
copper-zinc, and Old tailings, etc. Total 
copper-lead-zinc ores 
Troy ounces Troy ounces Troy ounces 
Short tons of gold Short tons of gold Short tons of gold 
J A c ðᷣ 8 34, 776 
Arizona 132,963 251 82,546 1,738 135, 273, 425 109, 853 
California 2104, 125 21,489 20 9297 105,197 4,999 
Colorado 2822, 547 234, 628 709 7 1,129,556 37,114 
ss 8 911,551 J 062 22222225, 8 1,493,295 3,128 
Montana 14 10 8,898 26 18,769,171 22,456 
Nevada 1,229 20 2,292 106 15,851,924 480,144 
New Mexico. ........ 122,417 172 810 1 18,755,124 
Sah ð y ⁰⁰ʒ 1,954,178 578,716 
Utäh hoo 2 682 , 662 260,217 1,004 16 40,864,717 408,029 
Other States 32. 1,903,799 158  .......- 1! 966 1,979,309 55,388 
otal......... 4,681,307 98,907 -91,274 8,057 236,175,896 1,743,322 
Percent of total gold.. ............ 6. eases J 100 


1 Gold-silver and silver ores combined to avoid disclosing individual company confidential data. 

2 Gold-silver and lead-zine ores combined to avoid disclosing individual company confidential data. 
3 Silver and lead-zinc ores combined to avoid disclosing individual company confidential data. 

4 Gold, gold-silver, and silver ores combined to avoid disclosing individual company confidential data. 
$ Gold and silver ores combined to avoid disclosing individual company confidential data. 
Includes Oregon, Pennsylvania, Tennessee, and Washington. 

? Less than 1⁄4 unit. 

8 Copper, lead, and zine ores combined to avoid disclosing individual company confidential data. 

9 Includes byproduct gold recovered from tungsten ore. 

10 Includes byproduct gold recovered from uranium ore. - 

11 Includes byproduct gold recovered from magnetite-pyrite ore. 
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Table 8.—Gold produced at amalgamation and cyanidation mills in the United States 
and percentage of gold recoverable from all sources 


Bullion and precipitates Gold recoverable from all sources 
recoverable (troy ounces) (percent) 
Year 
Amalgama- Cyanida- 
Amalgamation Cyanidation tion tion Smelting ! Placers 

EE Deeg 432,130 519,631 24.0 28.8 42.1 5.1 
E AS 400,836 609,714 25.3 38.5 32.1 4.1 
1968_______... .. de 894,051 482,616 26.7 32.6 88.2 2.5 
1969... zL 8 397,869 580,694 23,0 33.5 42. 1.5 
0 353, 957 638, 966 20. 3 36.7 40. 2.2 


1 Crude ores and concentrates. 


Table 9.—Gold production at placer mines in the United States, by methods of recovery 


Material Gold recoverable 
treated ” — 
Method and year Mines Washing (thousand Thousand Value Average 
producing plants cubic troy (thou- value per 
yards) ounces sands) cubic yard 
Bucketline dredging: 
KEE 4 4 8,770 20 $778 $0.206 
Üb 4 4 814 13 547 672 
1 ³»¹¹ ͤ K 1 1 709 29 1,055 1.488 
Dragline dredging: | 
. ³5»¹w¼ Cue 3 3 181 21 54 3 .499 
1% ee 2 2 12 24 17 2.934 
111k 8 1 8 12 (20 20 310.000 
Hydraulicking 
//%0õöõĩ5t7. x ³· . ³˙ m adc ⁊ͤ Ds. ee DA 
e EE 4 8 (4) 3 1.245 
O EE AS 4 17 20 1.176 
Nonfloating washing plants: 

A A E us 26 87 1 384 28 325 2.498 
9d ĩð K ĩͤ ee pe i 30 42 1347 29 365 3.721 
kt EE 19 87 1275 28 291 31.058 

Underground placer, small-scale mechan- 
ical and hand methods, and suction 
dredge: 
hh. — € 50 22 1241 28 296 81.227 
1909- 2o oe a Citi oo 26 4 112 3 123 1.100 
CJ ¹ AA 9 2 14 21 23 3 5.750 
Total placers: 
1966 A D 83 66 14,476 237 1,457 3.292 
1339. 8 66 52 11,278 225 1,055 2. 726 
// oA ĩ⸗ a Eie einn 38 47 11.007 239 1,409 31.399 


1 Excludes tonnage of material treated at commercial sand and gravel operations recovering byproduct gold. 
2 Includes gold recovered at commercial sand and gravel operations recovering byproduct gold. 
a od ae as a byproduct at sand and gravel operations not used in calculating average value per 
cubic yard. 
Less than Y unit. 


Table 10.—U.S. gold consumption in industry and the arts e 


(Thousand troy ounces) 


Industry group 1966 1967 1968 1969 1970 
Jewelry and arts 3,758 3,840 3,908 3,839 3,340 
e e . 424 566 771 710 658 
Industrial, including space and defense „„ 1, 880 1,888 1,925 2,560 1,975 
Toti RE 6,062 6,294 6,604 7,109 5,973 


* Estimated by Office of Domestic Gold and Silver Operations, U.S. Treasury Department. 
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Table 11.—U.S. exports of gold in 1970, by countries 


Ore, base bullion, and scrap Refined bullion 
Destination Value Value 
Troy ounces (thousands) Troy ounces (thousands) 
Belgium- Luxembourg 73,512 $2,733 2,230 $68 
Canada. ß L oe EE 705 26 990 38 
Germany, Weste 12,317 442 131 5 
¡E AAA O A A A IA yas 285,717 10,000 
ME a a 929 34 4,600 170 
SIngaDOPRB. ⁵ↄ Vj7 a ] ] aadar 673, 840 23, 585 
WOedBl. oce ] x ß h 8 1. 200 )).... coe ee 
United Kingdom 17,099 612" on ub rr A A 
Venezuela... 355 13 600 21 
Total. EE 106,117 3,903 968,108 33,887 


Table 12.—U.S. imports of gold in 1970, by countries 


Ore and base bullion Refined bullion 
Country Value Value 
Troy ounces (thousands) Troy ounces (thousands) 
Australia... coz ee eee 25,214 $794 300 $11 
RUBIA le ea bum Ae e ie tate hate SS a 43 2 
Belgium- Luxembourg 15 (1) 39,415 1,422 
IIͥ⁵¹1’ww-m. EE E AE 598 , 067 20,932 
Canada... A me A AA 79,751 2,792 4,185,546 149 ,220 
ö ͥ³Ü¹uö uru ow 10, 332 S ˙¹—·w •A AA 
Se ³ðA 8 174 6 223,400 7,817 
Czechoslovakia 8 E ꝛ ¾ w ] dui wasa el 
Eeuadof...—- oz kv 8 67 a. tu ˙⅕w 
¡ART ccn d ce ei E 347 12 
o A II A Du AN 32,147 1,164 
Germany, West. car eaaa Ads 44,322 1,579 
Hi A EE 5,227 123 2,594 
Herr a ad aa oa 2,382 GS. pdas lb 8 
Italy. A ee eo A 134 % cosi A 
Ü˙—;ð ̃ mM; . 55 2 68, 589 2,400 
Fi A edt ria 4,305 J55: Eau mA 8 
Nied sua có za 47,262 1,0868. 2:122 “essa 
, ß ß 455 1G iaa . 8 
PET ] ð̊ 66 )))) 8 
"a SE C ODORE RAE 18,636 GIS eee bsos. 8 
FHH ³ðV 8 89, 602 3, 255 35, 854 1,256 
Singapore... 925 S ²ĩ A 
South Africa, Republic o. 1,333 „CCC 
SWedénh-. one hoe he St ] GGG ⁵ĩV³A2A m m. 8 4, 436 156 
el f . deeem. duum d 894,159 32,887 
United Kingdom „„ 1,045 43 235, 380 8,493 
%% o Ss EE 781 30 
/ rs sd 286,988 9,992 6,365,380 227,472 


1 Less than Le unit. 


Table 13.—Value of gold imported into 
and exported from the United States 


(Thousand dollars) 


Year Imports Exports 
1988s. A $226,263 $839,159 
1969. A SS es 236,906 12,287 


r ( 237,464 37,790 
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Table 14.—Gold: 


(Troy ounces) 


Country 1 1968 1969 1970 » 
North America: 

NET TEE 2,688,018 2,545,109 2,938,454 
Costa Rica qa 500 500 
II ³˙wü i ⁰˙ r. ĩð2³ ` ⁰⁰y E 2, 301 
Haitit u ces e 3,000 3,000 3,000 
Honduras. ais 6,150 6,223 3,333 
DEBIO ss 176,952 180,599 180,623 
Niearagua ~~ ee 193,008 120,011 115,173 
United States 2 1,478,292 1,733,176 1,743,322 

South America: 

Olivia r 69,081 49, 854 30, 603 
; ArThſ A rect 176, 628 176, 938 180, 076 
a eT d L- fc oe a e ee az 57,743 59,102 50,718 
Colombia ee 239,555 218,872 201,500 
Ecuador... .. ee , 65 287 e 7,300 
French Guiana -aaa aaaea 5,099 8,590 e 3,600 
Guyana...... ee 4,088 2,102 4,433 
d EE ASS te los ete 105,118 131,641 104,258 
Surinam ee , 70 ,38 1,137 
Venezuela. __.__-_.__________-___..- ue 20,600 19,385 21,862 

Europe: 

inlánd. . uU 21,380 18,872 20,319 
F EE r 58,450 54,946 58,000 
Germany, West ooo 1, 000 1,000 1,000 
Portugal (mine output)...  . 17,394 17,758 16,137 
Sweden (mine output 49,737 45,011 44,345 
USSR: et o a u ee a 5,900,000 6,250,000 6,500,000 
8 JJ ͤ y 70,814 84,074 97,384 

Africa: 

Cameroooůo .. eee 465 177 1 
Congo (Brazzaville)... 4,790 3,922 e 4,000 
Congo (Kinshasa) - J7ͤĩöXö[6¹é 169,975 175,804 177,128 
Ethiopii- ren pu im Ses asss 38,828 42,400 27,282 
EN, A e p ewes s 16,724 14,243 16,108 
Chana. e r 739,731 706,621 703,858 
LO A O IO r 31,988 11.908. — ⁵ĩðͤ 
Libepig AAA AS 3,216 1,136 e1,100 
Malagasy Republic 543 646 534 
RT ecco vene oe ͤ K 215 298 123 
Rhodesia, Southern 499,943 e 480,000 e 500,000 
South Africa, Republic of... 81,168,831 31,275,882 82,164,107 
h; r ↄ ³⁰AA 9 ³ĩ A/ ĩðâv K u s 
Tanzania. 22an 17,473 16,016 7,859 

NN 5,000 5,000 5,000 

Asia 
Burma tu. ³¹¹¹¹ e 150 150 150 
Cambodia 22 ee 4,000 4,000 4,000 
China, mainland e g 50,000 50,000 50,000 
India.. „ 115,357 109,473 104,200 
Indonesia 5, 968 8,250 7,6 
TER 238,511 246,492 255,759 
Korea: 
A A etd sd 160,000 160,000 160,000 

Led 4226 coc eR C 8 62,405 50,734 51,345 
Malaysia 

Malaya-. sd 1,454 3,153 e 3,912 
Sarawak 2, 718 2,271 1,265 
IG ARA 527,355 571,145 602,715 
KT WEE 20,994 21,486 22,602 
Oceania: 

a aetna RT CI ͤ eke r 781,782 699,223 617,000 
a 106,784 91,572 103,785 

New ASA ES Yo oo oae NN e 8,626 10,717 11,283 
Papua and New Guinea 26,144 25,857 628,798 
A A r 46,165,417 46,526,010 47,356,053 

e Estimate. p Preliminary. r Revise 


! Gold is also produced in Bulgaria, 5 Romania, Spain and small quantities probably in 
East Germany, Hungary, Thailand, and several other countries. Data for these are not available. Data are 


also lacking on clandestine activities. 
2 Mine production. 


World production, by countries 


3 Output from U.S.S.R. in Asia included with U.S.S.R. in Europe. 
4 Purchases by Bank of Monrovia. 


NA: Refinery production for Japan was as follows: 1968—-614,348 ounces; 1969—677 ,476 ounces; and 1970— 


New Guinea only. 


Graphite 


By David G. Willard * 


The graphite industry experienced some 
minor problems in 1970. The total U.S. 
supply of natural graphite increased as the 
result of a sharp rise in imports. Neverthe- 
less, some key foreign grades, particularly 
Ceylon lump, were difficult to obtain. At 
the same time, the slowdown in the nation's 
economy caused industrial demand for 
graphite to decline, resulting in a sizable 
increase in industry stock. 

Domestic production of synthetic graph- 
ite maintained a steady growth with an in- 
crease of 22 percent to 274,076 tons during 
the year. 

Legislation and Government Programs. 
—Defense material inventories showed that 
the 1970 yearend stockpile of various natu- 


DOMESTIC 


The Southwestern Graphite Co. of Bur- 
net, Tex., a subsidiary of the Joseph Dixon 
Crucible Co., continued to be the only do- 
mestic producer of natural graphite in 
1970. Data on output cannot be disclosed, 
but it showed a considerable decline from 
the previous year. 


Synthetic graphite output increased to 
274,076 tons in 1970, 22 percent more than 
the 225,526 tons produced in 1969. Total 
value rose to $158.5 million, 15 percent 
above the 1969 value of $138.2 million. 
The eight companies producing synthetic 
graphite during the year and their plant 
locations are as follows: 


ral graphites totaled 41,593 tons, a reduc- 
tion of 1,235 tons from the 42,828 tons at 
yearend 1969. The `change was caused by 
the release of 388 tons of Ceylon lump, 
268 tons of Malagasy flake, and 579 tons of 
other crystalline types. 

The release of Ceylon lump eliminated 
the stockpile excess of that type of graph- 
ite. A total of 14,067 tons of Malagasy 
flake remained in excess and was author- 
ized for disposal in limited increments 
over a period of years. A further disposal 
of the Malagasy flake is under considera- 
tion. No other changes occurred during 
1970 in any Government programs affect- 
ing graphite. 


PRODUCTION 


Company Location 
Air Reduction Co., Inc.: 
Airco Speer Electrode and 
Anode Division Niagara Falls, N.Y. 
Airco Speer Carbon Prod- 
ucts Division St. Marys, Pa. 
Becker Brothers Carbon Co... Cicero, Ill. 
Carborundum Co.: 
Kentucky Graphite Plant. Hickman, Ky. 
Graphite Products Divi- 


BION oc AA ats Sanborn, N.Y. 
Great Lakes Carbon Corp.: 
Antelope Valley Plant . Rosamond, Calif. 
Graphite Products Divi- 
SION E See du Niagara Falls, N.Y. 
Morganton Plant Morganton, N.C. 
The Ohio Carbon Co. Cleveland, Ohio 
Charles Pfizer & Co., Inc..... Easton, Pa 
Stackpole Carbon COO St. Marys, Pa. 
Union Carbide Cor Niagara Falls, N.Y. 
77§·Ü%; ⁰ kd p uu s Columbia, Tenn. 


There were no new producers of syn- 
thetic graphite in 1970. A former source, 
the Space Age Materials Corp. plant of 
Charles Pfizer & Co., Inc., in Woodside, 
N.Y. was closed during the year. 

1 Economist, Division of Nonmetallic Minerals. 
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Table 1.—Salient natural graphite statistics 1 
1966 1967 1968 1969 1970 
United Státes: 
Consumption ?___._.....-_-- short tons 3 48,400 38,300 38,500 r 39,100 32,900 
alU... 8 thousands. 3 36,629 $5,700 $5,904 r $6,339 $5,866 
Exports short tons 3,200 3,600 4,200 5,700 5,800 
Value thousands 3428 346 3509 3682 3701 
popes for consumption 2. short tons.. 56, 700 56,700 67,900 58,500 66,400 
FF thousands.. $2,545 32, 348 32, 495 32,419 $3,027 
World: Production FFC short tons.. 533, 816 394,817 481,793 424,320 417,366 
r Revised. 
1 All short tons rounded to nearest 100. 
2 Includes some artificial graphite. 
3 Includes some estimated data. 
Table 2.—Government yearend stocks of natural graphite 
(Short tons) 
National Supplemental Total all 
Type of graphite stockpile stockpile stockpiles 
Malagasy crystalline flake: 
JOCLIVO cs a A 8 10, oo 10, 800 
Excess: Stockpile grade‘ 14,4222 14,422 
Total. u opulus ꝛ⅛» yt 8 25,222 —  . caca 25,222 
Malagasy crystalline fines: Obiective ------------------ 5,230 1 1,910 7,140 
Ceylon amorphous lump: Objective 24,300 1,198 5,498 
Other than Ceylon and Malagasy, crystalline: 
(( ³ ⅛ r. ³ dd 8 32,800 | ....— 2,800 
Excess: Stockpile grade 933 . |  ...... 933 
%̃õ et wee ³ AAA 3.738383 3,733 


1 Includes 1 short ton non-stockpile-grade material. 
2 Includes 56 short tons non-stockpile-grade material. 
3 Includes 867 short tons non-stockpile-grade material. 


Source: 


Office of Emergency Preparedness. Stockpile Report to the Congress July-December 1970. 


CONSUMPTION AND USES 


In 1970 consumption of natural graphite 
declined about 15 percent from the 1969 
level, primarily because of the nationwide 
slowdown in industrial activity. Other fac- 
tors included reduced automobile produc- 
tion, particularly the strike against General 
Motors Corp., (the automobile industry is 
a major user of graphite), and decreased 
manufacture of lead additives for gasolines 
in which graphite serves as a catalyst sup- 
port. 

Technological developments and mate- 
rials subsitution have also acted to reduce 
the demand for graphite. Some steel mills 


have replaced graphite as a carbon raiser 
with various manufactured compounds 
containing carbon in another form. The 
increasing use of electric furnaces in 
foundries and smelters has lessened the re- 
quirements for graphite crucibles and re- 
fractories. 

Caution is suggested in using the data 
presented in table 3. They are incomplete 
regarding total consumption but do indi- 
cate trends and relative distribution. The 
overall analysis described in the preceding 
paragraphs, however, has been confirmed 
by industry sources. 


GRAPHITE 
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Table 3.—Consumption 1 of natural graphite in the United States in 1970, by uses 


Ü Crystalline Amorphous 2 Total 
se — 
Short tons Value Short tons Value Short tons Value 

Batteries 796 $204,457 364 $131,208 1.160 3335, 665 
Bearings- ------------------------ 57 24,808 29 ; 86 i 
Brake lining 460 168,154 523 200,107 983 368,261 
Carbon brushes. .................- 135 87,753 363 184,176 498 271,929 
Crucibles, retorts, stoppers, sleeves, 

and nozzle ss. 986 698,952 204 45,504 4,190 144,456 
Foundry facings. ..............-.-- 1,817 873,551 4,870 540,184 6,687 913, 85 
Lubricants... ..........-.--.--....- 346 112,340 2,306 371,125 2,652 483 , 465 
Pachings: 2 eco 189 108 , 930 148 45,851 837 154,781 
Paints ër polishes 777 19 6, 830 129 19, 655 148 26,485 
F/ 8 1.287 499,731 676 140, 533 1.963 640, 264 
Refractor is 59 70, 670 6, 076 575, 279 6, 673 645, 949 
Rubber „ 90 41.792 108 23,183 198 64,975 
Steelmaking. ...............-....- 863 134,706 3,648 353,627 4.511 488,838 
Others... to era ala D E 1,717 399, 764 1. 105 285,679 2,822 685,443 

MOU E 12,359 2,932,438 20,549 2,933,190 32,908 


5,865,628 


1 Data incomplete. Excludes numerous small consuming firms. 
2 Includes mixtures of natural and manufactured graphite. : 
3 Includes adhesives, chemical equipment and processes, electronic products, gray iron castings, powdered 


metal parts, small packages, and specialties. 


PRICES 


Prices for most grades of natural graph- 
ite rose during 1970 despite lower demand. 
Reasons for the rise include an apparent in- 
crease in foreign demand, a shortage in 
some foreign supplies, and higher costs of 
domestic processing. 

Quoted prices for natural graphite show 
the range of prices negotiated between 
buyer and seller for different specifications 
of several kinds of graphite. 

The Oil, Paint and Drug Reporter re- 
ports prices on an ex-warehouse basis. De- 
cember 1970 quotations follow: 


Per pound 
No. 1 flake graphite, 90 to 95 percent 
COPDON uoo ee to bm $0 .32-$0 .42 
No. 2 flake graphite, 90 to 95 percent 
Carbon AA .239-.32 
Powdered crystalline graphite: 
8 to 90 percent carbon .184-.27 
90 to 92 percent carbon. ......... .255-.2'15 
95 to 96 percent carbon . 29- .399 
Powdered amorphous graphite .0626-.195 
Powdered amorphous or crystalline 
pru minimum of 97 percent car- 
Ofll.. sc eas .28- .36 
FOREIGN 


Exports (including reexports) of natural 
graphite increased about 2 percent over 
the record 1969 level to 5,783 tons. Gains 
in sales to Latin America, Europe, and 
Australia offset smaller shipments to Can- 
ada, Asia, and Africa. Imports for con- 
sumption, including a small quantity of 
artificial graphite, resumed an upward 


Yearend prices, f.o.b. sources, quoted in 
the Engineering and Mining Journal, for 
two major classifications of graphite im- 
ported by the United States, were as fol- 
lows: 


Per short ton 
1969 1970 
Flake and crystalline graph- 
ite, bags: 
Seiles 8 380-3179 391-3172 
Germany, West. 118-635 123-777 
Malagasy Republic 82-281 86-281 
Nor waer 68-109 77-121 
Amorphous, nonflake, crypto- 
crystalline graphite (80 to 
85 percent carbon): 
Mexico (bulk) 19-21 19 
South Korea (bulk) 24 22 
Hong Kong (bags). ..... 24 24 


TRADE 


trend with a 13-percent rise to 66,449 tons, 
largely as the result of a 16-percent in- 
crease in purchases from Mexico. However, 
imports of high-grade graphite from Cey- 
lon fell 29 percent because of higher prices 
and increased competition from foreign 
buyers. 
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Table 4.—U.S. exports of natural graphite, by countries 


Destination 


Australia: 2.5. needle ias 


E 


Dll! eebe Eegenen 


aliwan EE 
United Kingdom. ......................-........- 


Venezuela... LLL LLL cca casses Lease cerea aT 


1 Not elsewhere classified. 
2 Less than 15 unit. 


WORLD 


In 1970 world demand for graphite in- 
creased over the 1969 level, particularly be- 
cause Of heavy buying by Japan. At the 
same time, importers in the Western na- 
tions encountered difficulty in obtaining 
supplies of key grades from Ceylon. Orders 
to producers in other nations therefore 
rose rapidly, sometimes exceeding produc- 
tive capacity, and delays in obtaining ship- 
ments resulted. Some purchasers placed or- 
ders with several producers to insure 
receiving supplies, thus adding an artificial 
element to demand. 

Ceylon.—The export tax on graphite, 
first imposed in 1969, was raised from 25 
to 50 percent of value during 1970, causing 
a sharp rise in the cost of Ceylonese 


Amorphous, crystalline flake, lump, or chip, 
and natural, n.e.c. ! 


1969 1970 
Value Value 
Short tons (thou- Short tons (thou- 
sands) sands) 
18 $2 53 $8 
42 4 211 16 
6 1 278 24 
11 J Z = Ecc 
55 5 76 
2,087 235 1,586 179 
41 4 34 4 
38 6 168 15 
41 5 22 
55 4 2 (2) 
376 42 645 95 
92 8 284 28 
88 dc 55 4 
20.- 1 33 ----- 8 
95 13 300 35 
408 54 309 41 
336666 k k— 4 Js 
362 46 586 75 
343 40 177 15 
25 2 4 (2) 
8 € 27 3 
23 3 35 3 
17 2 68 9 
168 17 69 5 
10 Dn EY 
9 1 99 13 
38 4 40 5 
1,020 138 553 89 
159 27 79 15 
61 9 78 10 
5,655 682 5,783 701 
REVIEW 


graphite. The Ceylon Government's inten- 
tion concerning public ownership of the 
industry remained unclear at yearend. Be- 
cause of the increased competition from 
Japan and other Asian nations, U.S. im- 
porters found it difficult to obtain supplies 
from Ceylon. 

South Africa, Republic of. —Graphitwerk 
Kropfmuehl AG of West Germany pur- 
chased a graphité mine at an undisclosed 
location in South Africa. It is the compa- 
ny's second investment in graphite mining 
on the continent; the first was a joint ven- 
ture with two partners in Southern 
Rhodesia.? 


E Industrial Minerals. V. 37, October 1970, p. 
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6 ETC 8 JC C em I JJ... D 99U'8J T 

205 LISTE. eee ee 868 915 8 6 J!!! ĩð dd TT uol K 

ó Oe 777777 ó Der. wee Ede ope . . ... . putt TIE eujsny 
— : 6961 

56 zs 606 19 Le$ 811 808 Lë 508 89 598 9 1688 Am MN ICE DM 2 c PDC M M EE 8961 

(spuss suo} (spues suo} (spues suo} 

(spues (spues -nou3) 344008 -noy y) Mots -nou3) 310US 

-nou3) suo} mou) suo} INIBA on[vA a3NIBA 

SIS A Mo s SDIEA 310uS MS, AA unod pue 1891 

pəuuə: pus əpn:o 3snp Jo diuo aaen əut[[g3sA IO 
'(e3n32u 13440 "dont eui[[£3sA12) 
1830.L Iernygnay Iain N 


sorrunoo Aq nude ¡eogre pue [enjeu jo uordumsuoo 103 sunodun 5. — ç ou I. 


MINERALS YEARBOOK, 1970 


Table 6.—World production of natural graphite, by countries 


(Short tons) 
Country 1 1968 1969 1970 » 

Al ³⅛o.ämä eee week Uus r 410 268 e 800 
BC S D oec EE r 26,959 28,467 30,570 
ü eta taa ſſſ ͥ⁰ (yt y darla ic 2, 491 12, 989 NA 
Ceylon d: oo ores scd ie y ĩ A 8 11,907 12,586 10,788 
China. mainland <=. u ull y 83,000 83,000 83,000 
Germany, West: T ³² a ias 14,157 14,369 e 14,500 
Hong Konf- zc, ac eed ͥ ad km yd a 558 219 . ....... 
Eege r 1,558 1,895 2,302 
7öͤ§;!f ³ •-- ] wn e 8 1.641 1,903 1,615 
Korea: J A a a 8 ,000 83,000 83,000 
Korea, Republic of ) 143,003 81,939 65,621 
Malagasy Republic. __.....--.---.------------------------------- r 18,110 18,594 20,058 
No AA —!————————————Á——————— A ear a 58,085 47,311 61,341 
ei AE 8 9,117 10,274 e 10,500 
South Africa, Republic sk 797 506 771 
/) ù ] CTS 77,000 77, 000 83,000 

United Staten... 
e MAA Cm r 481,793 424,320 417,366 

e Estimate. p Preliminary. r Revised. NA Not available. W Withheld to avoid disclosing in- 


dividual company confidential data. 


! In addition to the countries listed, Czechoslovakia, India, Southern Rhodesia, and the Territory of South- 
West Africa produced graphite, but available information is inadequate to make reliable estimates of output 


levels. 
: Exporta. 


cial South Korean sources give figures in metric tons that convert to the following, in short tons: Crys- 
talline graphite 1968—709; 1969—-654; 1970—NA: Amorphous graphite 1968—-395,551; 1969—341, 510. 
The amorphous graphite figures so reported, however, include material not marketed for traditional uses of 


graphite. 


Table 7.—Malagasy Republic: 


Exports 


of graphite by countries 


(Short tons) 

Destination. 1968 1969 
Australia 191 166 
Canas ecess 86 
Fr ( cue 2,068 3,865 
a amide West 2, 625 3, 135 

EA ͤ T 9 124 
Italy Be ↄ 8 752 994 
pn dd bs 2,272 1,969 
Netherlands F 66 
Arias A 8 165 116 

rv EE AA 215 340 
Uno ited Kingdom 4,629 5,086 
United States 4,286 4,375 
Other countries 70 150 

Total__ uu aio id 17,511 20,408 


TECHNOLOGY 


Restarch and testing of graphite pow- 
ders and fibers in various types of compos- 
ite materials continued. Several companies, 
including Poco Graphite, Inc.,3 the Mon- 
santo Co. + and Ultra Carbon Corp.,5 
began marketing new forms and com- 
pounds of graphite during the year. How- 
ever, widespread use of the more advanced 
materials that incorporate graphite fiber, 
outside the aerospace industry, still ap- 
peared to be well in the future.“ 

A recent experiment indicated the possi- 
bility of a solid state separation of the ti- 


tanium oxide and iron in ilmenite by the 
reduction of ilmenite in the presence of 
graphite.? 


3 Metallurgia. New Graphite Powder. V. 82, 
No. 493, November 1970, p. 193. 

4 American Metal Market. Monsanto Marketing 
Graphite Fiber for Use in High-Strength Com- 
posites. V. 77, No. 151, Aug. 7, 1970, p. 15. 

$ Chemical Engineering. Graphite on Graphite. 
V. 77, No. 26, Nov. 30, 1970, p. 38. 

$ Iron Age. Boron Versus Graphite: No Con- 
test. V. 206, No. 17, Oct. 22, 1970, p. 57. 

T Metallurgical Transactions. Kinetics and 
Mechanism of Ilmenite Reduction With Graphite. 
V. 1, No. 6, June 1970, pp. 1729-1734. 


Gypsum 


By Richard E. Dawes * 


The scarcity of mortgage money and in- 
creased interest rates discouraged residen- 
tial building through the first three-quar- 
ters of 1970. In the fourth quarter, as 
mortgage money became more available and 
interest rates declined, building construc- 
tion increased and rejuvenated gypsum in- 
dustry production and sales by yearend. 
Production of crude gypsum in the United 
States in 1970 declined by about 5 percent 
in quantity to 9.4 million short tons, and 
declined more than 9 percent in value to 
$35.1 million, the lowest value in more 
than a decade, Increased imports of crude 
gypsum offset the lower domestic produc- 


tion, so the total supply of crude was only 
l percent less than in 1969. Imports in 
1970 of 6.1 million tons represented a new 
high, so with lower domestic output, the 
ratio of domestic crude production to total 
crude supply was at a record low level. 
Sales of uncalcined gypsum for use as a re- 
tarder in Portland cement declined slightly 
more than 3 percent from the record 1969 
high. The unit value of calcined gypsum 
rose about 2 percent, which reflected in- 
creasing production costs, although total 
calcined gypsum value was down almost 8 
percent from the 1969 record high value. 


Table 1.—Salient gypsum statistics 
(Thousand short tons and thousand dollars) 
1966 1967 1968 1969 1970 
United States: 
Active mines and plants i1i1·ii 121 113 115 r 114 108 
Crude: 2 
J;ö§Ü5¹♀«0x eee eee ce 9,647 9,393 10,018 9,905 9,436 
VAIO ⅛˙˙--. m a Eee $35,681 334,383 $36,775 338,354 $35,132 
Imports for consumption. ...............- 5,479 4,563 5,474 5,858 6,128 
Calcined: 
Produced. o ooo cc o 8,434 7,879 8,844 9,824 8,449 
Valio occ ca e oss $119,747 $115,467 $133,289 $148,466 $182,047 
Products sold (value)) $376,871 $362,268 $404,739 $414,880 $853,474 
Exports (value)) $2,674 $2,918 $3,556 $3,446 $3,475 
Imports for consumption (value) $17,281 $11,353 $13,058 $14,602 $16,513 
World: Production.. -sc-- 53,676 50,879 54,486 56,481 55,581 


r Revised. 


1 Each mine, calcining plant, or combination mine and plant is counted as 1 establishment. 


2 Excludes byproduct gypsum. 


DOMESTIC PRODUCTION 


Over 9.4 million tons of crude gypsum 
was produced in 21 States at 69 mines, of 
which 56 were open pit and 13 were un- 
derground, although one site was operated 
as a combination open pit and under- 
ground mine. The leading gypsum-produc- 
ing States were Michigan, Texas, Iowa, and 
California, which collectively accounted for 
over 50 percent of domestic production. 

Domestic and imported gypsum was 
calcined at 76 plants in 30 States. The 


plants utilized 229 kettles and 71 other 
pieces of calcining equipment to produce 
over 8.4 million tons of calcined gypsum. 
The leading States producing calcined gyp- 
sum were New York, Texas, California, 
Iowa, and Georgia, which collectively rep- 
resented over 45 percent of the total do- 
mestic calcined gypsum output. Gypsum 
board production was down about 7 per- 


1 Physical scientist, Division of Nonmetallic Min- 
erals. 
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cent from the record high in 1969. Over 
9.5 billion square feet of gypsum board 
products, with a value of nearly $300 mil- 
lion, were fabricated on 84 board ma- 
chines. 

Kaiser Gypsum Co. phased out its Rosa- 
rio, N.M., gypsum wallboard plant at the 
end of 1970 because of current economic 
conditions. The plant, which employed 37 
people, was built in 1960 with an annual 
production capacity of 125 million square 
feet. It is the smallest of the company’s six 
domestic wallboard plants. The decision to 
close down the Rosario plant stemmed 
from operating losses due to reduced sales 
and poor wallboard prices in the New 
Mexico, Colorado, and Texas markets. 

National Gypsum Co. created a new In- 
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dustrialized Housing and Urban Develop- 
ment Department in their Building Prod- 
ucts Division. This move gives the 
company greater opportunity to supply 
material for in-plant, factory- produced 
housing. The company modernized and ex- 
panded its gypsum wallboard manufactur- 
ing plant near Portsmouth, N.H. The 50- 
percent expansion of production is 
scheduled for completion in early 1971. 

Grand Rapids Gypsum Co., Grand Rap- 
ids, Mich., announced plans for an air pol- 
lution control program and expansion of 
its Eagle Mills plant. New calcining facili- 
ties and an electrostatic dust collecting sys- 
tem would be installed by early 1971. 

G.A.F., Inc., closed its New York gypsum 
operations early in 1970. 


Table 2.—Crude gypsum mined in the United States, by States 


(Thousand short tons and thousand dollars) 


Oklahoma... ð 


Wyomin 


Other States ooo 


1969 1970 

Active Quantity Value Active Quantity Value 

mines mines 
2 4 88 $424 4 98 $358 
í 9 1,210 8,339 7 1.132 3,271 
w 5 94 339 4 W w 
7 5 1,169 5,274 5 1,186 4,223 
8 5 1,327 5,384 5 1,312 5,061 
S 3 521 1,550 3 451 1,457 
ü 5 141 526 4 w w 
E 4 492 2,945 3 425 2,787 
š r 8 r 980 * 3,912 1 874 2,616 
# 1 11 46 1 15 61 
E 8 1,314 4,398 8 1,220 4,252 
i 4 W W 4 216 868 
- 14 2,563 10,217 14 2,557 10,228 
3 r 75 r9,905 r 38,354 69 9,436 35,132 


r Revised. W Withheld to avoid disclosing individual company confidential data; included with “Other 


States.” 


1 Includes the following States to avoid disclosing individual company confidential data; Louisiana, Montana, 
Virginia, and Washington (1969), 1 mine each; Arkansas, Indiana, Ohio, and Utah, 2 mines each; Kansas, 


3 mines (1970). 


Table 3.—Calcined gypsum produced in the United States, by States 


(Thousand short tons and thousand dollars) 


1969 1970 
State Calcining Calcining 

Active Quantity Value equipment Active Quantity Value equipment 

plants — — ——— plants — — 
Kettles Other! Kettles Other! 

California 7 874 $10,922 16 11 7 822 510, 403 16 4 
Florida 3 W W 9 2 3 438 5,194 9 2 
Georgia 3 551 10, 577 18 3 538 9,432 15. caes 
Iowa 5 823 12,837 22 4 5 713 12,301 22 4 
Michigan 4 373 6,840 10 1 4 325 6,130 9 1 
Nevada....... 8 325 8,506 12 6 3 240 3,425 12 6 
New Jersey... 4 383 5,022 9 3 4 334 4,785 9 4 
New York..... 8 921 13,891 25 6 7 874 18,551 21 8 
Ohio.......... 3 356 5, 506 9 1 3 321 4,984 9 1 
Texas 7 961 15, 102 28 3 7 870 14,273 28 3 
Other States 2 30 3,757 59,263 80 40 30 2,974 47,569 79 38 
Total... 77 9,324 148,466 235 77 76 8,449 132,047 229 71 


W Withheld to avoid disclosing individual company confidential data; included with “Other States.” 
1 Includes rotary and beehive kilns, grinding-calcining units, Holo-Flites, and Hydrocal cylinders. 
2 Comprises States and number of plants as follows: Arizona, Arkansas, Colorado, Connecticut, Delaware, 


Illinois, Massachusetts, Montana, New Hampshire, 


Pennsylvania, and Washington, 1 plant each; Kansas, 


Louisiana, Maryland, New Mexico, Oklahoma, Utah, Virginia, and Wyoming, 2 plants each; and Indiana, 


3 plants. 
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CONSUMPTION AND USES 


The domestic supply of newly mined 
crude gypsum totaled 15.6 million tons, 
9.4 million tons from domestic mines and 
6.1 million tons imported primarily from 
U.S.-company-affiliated mines in Canada, 
Mexico, and Jamaica. Approximately 4.3 
million tons of the crude was sold uncal- 
cined, of which nearly 3.4 million tons was 
for use as portland cement retarder, 
800,000 tons for agricultural use, and the 
remainder for filler and other uses. The 
nearly 27-percent decrease in sales of agri- 
cultural gypsum was again attributed to 
reduced demand by California potato and 
cotton growers, who are among the princi- 
pal consumers of agricultural gypsum in 
the United States. 

Consumption of calcined gypsum for 


prefabricated building products declined 
and returned to 1968 levels. The decrease 
of 700,000 tons reflected the generally re- 
duced building construction activity preva- 
lent throughout the nation during 1970, 
which significantly affected wallboard sales. 
Total output of wallboard, however, still 
represented over 90 percent of the square 
footage of prefabricated products pro- 
duced. Sales of building plasters, lath, and 
other specialty prefabricated products de- 
clined considerably. Dental and orthopedic 
was the only use that increased during the 
year. The popularity of 14-inch wallboard 
again dominated the prefabricated product 
lines and represented over 60 percent of the 
value of prefabricated products. 


Table 4.—Gypsum products (made from domestic, imported, and byproduct gypsum) 
sold or used in the United States, by uses 


(Thousand short tons and thousand dollars) 


Use 


Uncalcined: 


Portland-cement retarder r 
Agricultural gypsum- ------------------------- 
Other uses ccoo 


TotHlunsl21n A EE EN 


Calcined: Industrial: 


Plate glass and terra cotta plaster s 
Pottery plasters___________ e 
Dental and orthopedic plagterg -_------------- 
Industrial molding, art, and casting plasters. .. __ 
Other industrial use? o 0 lc. .- 


Building: 


Veneer plaster (basecoat and finishes) 
Mill-mixed basecoats (sanded and perlited). . 
To mixing Jun JJ ̃ T 

molding 
Prepared finishes- 2 222 c 2... 
Roof deck... 


Gaging an 


1969 1970 


Quantity Value Quantity Value 


Salones 3,464 $15,850 3,358 $15,933 
FFC 1,100 5,333 804 4,238 
8 117 865 96 1,123 
— —— 4,681 22,048 4,258 21,294 
secu erases 21 350 12 128 
ER 61 1,631 59 1,464 
5 15 661 16 747 
O 115 2,761 100 2,637 
FC 104 3, 366 97 4,082 
e 316 8,769 284 9,058 
biliar epe 473 9,745 411 8,708 
ce eee 51 2,767 48 2,715 
— tr 253 1,138 206 6,130 
{evenness W W 
Saa AE 74 1,986 64 1,821 
F 632 530 
F 290 5,234 240 4,534 
5 17 586 

ra 10 547 24 1,032 
nte el 1,176 28,635 1,000 25,470 
„„ 59,369 355,428 8,669 297,652 
poo E Ee o 384,063 ....... 323,122 
— Ó———— HM ÁÁ 414,880 ....... 353,474 


W Withheld to avoid disclosing individual company confidential data; included with Other.“ 
! Includes uncalcined gypsum for use in filler and rock dust, in brewer's fixe, in color manufacture, and for 


unspecified uses. 


? [ncludes dead-burned filler, granite polishing, and miscellaneous uses. . 
3 Includes joint filler, patching, painter's, insulating, and unclassified building plasters; and quantity and 


value indicated by symbol W. 
4 Excludes tile. 


5 Includes weight of paper, metal, or other materials. 
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Table 5.—Prefabricated products sold or used in the United States, by products 
1969 1970 
Product Thousand Thousand Value Thousand Thousand Value 
square feet short tons! (thousands) square feet short tons! (thousands) 
Lath: 
Ae inen 685,672 496 $17,886 501,684 895 $13,059 
inch. css 217,695 208 7,807 208,574 198 6,801 
Other 29 13, 728 17 606 15,498 18 613 
Total 917,095 721 26,299 725,756 611 20,473 
Wallboard: 
Y inch.............- 110,242 62 2,746 105,164 66 2,344 
$$ inen 1,310,027 940 41,477 1,188,863 914 33,052 
1$ inch.............- 6,369,691 5,839 215,067 6,070,972 5,483 179,416 
inen 1,244,750 1,451 57,833 1,220,309 1,836 51,162 
1inch?............- 55,299 T9 2,194 29,555 48 2,844 
Total............- 9,090,009 8,371 819,317 8,614,863 1,842 268,818 
Sheathing............... 228,917 227 7,495 184,784 178 6,059 
Laminated board........- 4 9,256 12 687 7,974 8 946 
Formboard. ............- 87,106 38 1,630 29,578 30 1,356 
Grand total 5 ..... 10,282,383 9,369 855,428 69,562,956 8,669 297,652 


1 Includes weight of paper, metal, or other materials. 

2 Includes a small amount of \-inch and 1-inch lath. 

3 Includes a small amount of 54-inch, %-inch, 15$-inch, and 3 &%-inch wallboard. 

4 Area of component board and not of finished products. 

s Excludes tile, for which figures were withheld to avoid disclosing individual company confidential data. 
6 Data may not add to total shown because of independent rounding. 


PRICES 


Efforts by gypsum producers to improve News-Record for 20 U.S. cities showed 


the price situation occurred throughout the 
year, as some companies announced price 
increases on gypsum wallboard and lath 
products. The upward price adjustments 
reflected feeling within the industry that 
the products have been underpriced. One 
producer sought to improve the price situ- 
ation in the East by initiating a job deliv- 
ery policy that would reduce the delivered 
price of wallboard to big customers by 
eliminating the middle man. Industry 
opinion as to the effect of the job delivery 
policy on the cost to the ultimate con- 
sumer, indicated that savings up to as 
much as $8 per thousand square feet deliv- 
ered might be realized. Prices quoted in 
the Engineering News-Record, however, 
were not affected by the new policy be- 
cause list prices in the past have been ad- 
justed by discounting. 

The average prices for gypsum products 
as published monthly in Engineering 


mixed directions of change. Neat plaster 
averaged $37.83 in January and rose to 
$40.57 per ton in December; gaging plaster 
averaged $42.96 per ton in January and 
rose to $47.53 by December. Tongue and 
groove sheathing also showed a rising price 
over the year; in January the average price 
was $60.75 and by December it was $63.26 
per thousand square feet. Average prices 
for board product, however, were generally 
somewhat lower. Quotations for 3%-inch 
gypsum board went from an average $54.39 
per thousand square feet to $54.25. For 
14-inch gypsum board the price went from 
$63.46 to $62.84 per thousand square feet; 
34-inch gypsum lath showed price quota- 
tions decreasing from an average $46.58 in 
January to $46.25 per thousand square feet 
in December. The averages do not include 
any discounting allowances that were avail- 
able in the various cities. 


FOREIGN TRADE 


Imports of crude gypsum from overseas 
U.S.-company-affiliated mines increased 
from 5.8 million tons in 1969 to 6.1 mil- 
lion tons in 1970. Receipts of crude gyp- 


sum from Canada through east coast and 
Pacific Northwest customs districts com- 
prised 77 percent of the total imports; 
from Mexico through the California, 


GYPSUM 


Washington, Texas, and Florida districts, 
16 percent; from Jamaica through Gulf 
coast districts, 4 percent; and from the Do- 
minican Republic, Taiwan, Venezuela, and 
Italy through the Puerto Rico, New York, 
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Table 6.—U.S. exports of gypsum 
and gypsum products 


(Thousand short tons and thousand dollars) 


9 Crude, crushed, Other 
and Maryland districts, 3 percent. | OF Calcina manu Total 
An increase in imports from Mexico of Year factures value 
191,000 short tons occurred in 1970. Im- SU Value oe 
ports from Canada and the Dominican Re- 
public also increased, but imports from Ja- 19688. 39 $1,688 $1,868 $3,556 
d 196999 40 2,003 1,4483 3, 446 
maica were down 37,000 tons from 1969 i Al 1,918 1/560 3'475 
levels. 
Table 7.— U.S. imports for consumption of gypsum and gypsum products 
(Thousand short tons and thousand dollars) 
Crude Ground Alabaster Other 
(including anhydrite) or calcined manu- manu- Total 
Year factures,! factures value 
Quantity Value Quantity Value value n.e.c., value 
KEE 5,474 $11,384 2 $89 $932 $653 $13,058 
1969 AAA 5,858 12,394 2 87 1,242 r 879 r 14,602 
0 A 6,128 13,723 2 106 1,559 1,125 16,513 
r Revised. 


l Includes imports of jet manufactures, which are believed to be negligible. 


Table 8.—U.S. imports for consumption 
of crude gypsum (including anhydrite), 
by countries 
(Thousand short tons and thousand dollars) 


1969 1970 
Country Quan- Value Quan- Value 
tity tity 

Canada 4,722 $10,277 4,730 $10,859 

Taiwan eege, 58 44 
Dominican 

Republic..... 43 136 90 287 

Italy... (1) 2 (.) 3 

Jamaica....... 304 830 267 731 

Mexico 789 1,144 980 1,767 

Other countries. () 5 3 32 

Total.... 5,858 12,394 6,128 13,723 


1 Less than Le unit. 


WORLD REVIEW 


Argentina.—Argentina remained the 
largest producer of gypsum in the South 
American area. The level of production 
was basically determined by domestic de- 
mand for cement; however, a certain 
amount of trade did take place, notably 
between Argentina and Uruguay. 

Australia.—Largc proportions of gypsum 
production are controlled by two major 
plaster manufacturers, Australia Gypsum 
Industries Ltd. of Melbourne and the Col- 
onial Sugar Refining Co., Ltd., of Sidney. 
Production in the state of South Australia 
accounted for over threc-fourths of the 
Australian production. Consumption of 


gypsum in uses other than agricultural in- 
dicated that about two-thirds of the con- 
sumption was for plaster of paris produc- 
tion and the remainder was for Portland 
cement retarder. Exports of gypsum were 
principally to the countries of New Zea- 
land, the Philippines, and Taiwan. The 
average export value for the first quarter of 
1970 showed a decrease to $5.43 per ton 
f.o.b. from $5.50 in 1969. 

Australian Gypsum Industries, Ltd., an- 
nounced that it had established a technical 
link with the United States Gypsum Co. 
There were no financial ties as yet. How- 
ever, the arrangement provided for an ex- 
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change of information on research and de- 
velopment work carried out by either 
company on gypsum products, with manu- 
facturing and patent rights included. This 


allows the Australian company access to an 
entire new range of products, particularly 
in the field of metal accessories used in 
partitioning. 


Table 9.—Gypsum: World production, by countries 
(Short tons) 


Country 1 1968 1969 1970 v 
North America: 
Canada (shipments) ꝶꝝꝶꝶꝛ2ʒã222 5,926,935 6,373,648 6,442,000 
United ĩê y = y Baa EE 10,018,000 9,905,000 9,436,000 
Central America: 
Dominican Republica r 111,648 c 110,000 e 110,000 
Guatemala: oc ð y mw MD au dene 8,488 8,514 8,499 
ah Kelt WEEN 7,188 8,443 10,146 
A E us ⁰ð¹w- A ¼m.d m 8 r 232,960 281,121 e 285,000 
Mexica il e ͤ EE 1,361,620 1,343,818 1,422,927 
a ß . r 15,680 33, 600 e 88,000 
Trinidad and Tobagag o «„ 4,760 4,480 e 4,500 
South America: 
,, ß Su Vd aM E r 478,486 590,073 e 595,000 
PI b EE , e NA r 238,978 e 240,000 e 240,000 
Lei TEE r 113,608 137,821 140,288 
A AA AAA 133,380 166,449 208,405 
E AAA A r 3,808 3,858 6,614 
^1 RE 89,335 49,630 e 50,000 
Feng 8 r 109,100 90, 400 110, 200 
Europe: 
l ana ⅛ m A 769, 648 745, 206 692,065 
A AAA A EE 89,735 87,052 e 95,000 
NE MAA A A 8 r 213,848 e 187,400 187 ,400 
Czechoslovakia_.___.._..___._..-_.--_--_--_-----------_.--- r 448,600 485,000 e 507,000 
FF ]oÜ “Od ] 5¹ is tt iia r 5,858,273 6,568,886 6,711,084 
Germany 
Jjlöĩͥͥ¹ ¹· wr EE Uia Beh oe E r 249,088 262,195 e 264,500 
West (marketablei ee r 1,677,237 2,013,084 1,623,661 
CEõ§ĩÜ t ñi⅛˙²˙¹ꝛ²itn ² ˙» %ði m r 253,855 299,080 330,700 
A A A 8 r 3,196,700 3,306,900 3,417, 200 
LEüsemboeetee eee eae Ul pO COS r 7,016 ,12 
Poland AA A AE 870,825 892,871 e 909,400 
PF e ³ ³ ⁰ ale ee s 117,171 104,868 e 104,700 
SDHIl euis :... 8 r 4,389,551 4,346, 598 4, 409, 200 
USSR oae dy O k wiku Ge Lu Ue 5,177,550 5,082,045 e 5, 180, 900 
United Kingdom ? ꝛ—MM᷑ᷣͥkkM eee ee r 5,068,529 5,065,769 4,712,968 
ei WEE 216,747 255,547 276,260 
Africa: 
F ⁰ ˙ eee UE Came ru o 14,316 18,075 e 16,300 
SAA sua tL ese Q mauwa 8 r 897 5,722 5,126 
Kenya AMETE r 46,411 68,172 65,058 
DY S hg ea ee ͤ ͤͤͤͥͤͥ˙öèJd .... e r 15,400 e 9,000 3,030 
NCOP Ln Saha EE 2,157 e 2,200 e 2,200 
South Africa, Republic of 348,385 396,193 452,058 
Sh EA A A 11,272 e 5,000 1,804 
ET AAA A ˙ it ß 4,917 12,161 22, 838 
ge United Arab Repubite . lll lll. r 628,501 517,975 e 551,200 
sia: 
AAA IA e r 3,800 3,858 3,300 
China, mainland Es r 551,200 606,300 606,300 
A A a ada atus E LE oe es 22,399 17,953 37,867 
Ke EE r 1,456,392 1,531,676 973,048 
1 ͥͥ ͥ EE r 1,676,000 1,759,800 1,847,800 
% ùé³⁰Äĩ%˙˙10 ³ñßꝛi ð?sßͥ ]² 0 qm m EEGEN r 77,200 78,300 77,200 
A ar a a, A AA r 683,555 683 , 427 640,652 
hh a o um 44,092 33,069 38,581 
Mongol €... his epee A SŠ r 27,600 27,600 27,600 
FH! eb ir eder Ma ree eed es 50,706 226,425 184,661 
FH ⁵³ 8 22, 764 40, 800 19,244 
Saudi Arab᷑i agg co coo cn no 44,425 e 88,600 18,994 
Syrian Arab Republie e r 16,500 16,500 16,500 
Taiwan uo D MN ꝓP ep i 8 r 6,213 5,647 12,484 
III; ³W60ͤö.:p 8 141, 199 101,449 159,008 
UNA AI ͥ (yy aT DS Qua r 242,500 308,600 352,700 
Oceania: Australia o ccoo r 944,995 957,468 e 914,900 
dhs) A A ðᷣͤ r 54,486,143 56,481,455 55,580,650 


e Estimate. P Preliminary. r Revised. 


! Gypsum is also produced in Ireland, Romania, Switzerland, and Cuba, but production data are not 
available. Production in Bolivia and Ecuador is negligible. 


2 Includes anhydrite. 


3 Crude production estimates based on calcined figures. 


4 Year ended March 20 of year following that stated. 
5 Year ended March 31 of year following that stated. 


GYPSUM 


Canada.—Canadian Gypsum Co., Ltd., a 
subsidiary of the United States Gypsum Co., 
began construction of a new $3 million 
gypsum wallboard plant at St. Jerome, 
Quebec, that was scheduled to begin oper- 
ation early in 1971. 

With the completion of a new gypsum 
wallboard plant in Edmondton, Alberta, 
by B.A.C.M. Industries, Ltd. there are now 
16 gypsum products plants in Canada, one 
of which produces only plaster. Prelimi- 
nary production estimates indicate that 
output from Nova Scotia again represented 
about three-fourths of the total Canadian 
production. Newfoundland and Ontario 
were the next largest producing provences. 
The average value of gypsum produced in 
Canada in 1970 showed a slight decline to 
$2.32 per short ton. 

France.—France continued to be the 
largest producer and the largest exporter 
of gypsum in Europe. The principal pro- 
ducing area, in and around Paris, ac- 
counted for about 70 percent of the coun- 
try's total output. Most of the mines and 
plants in the area belong to the three 
large integrated manufacturers, Lambert 
Fréres et Cie, Société Poliet £ Chausson, 
and Société G.R.M. Plátres Mussat. The 
second important mining and manufactur- 
ing area is in the south of France near 
Marseilles. Operations are carried out by 
two companies, S.A. des Plátiéres de Vau- 
cluse and Gypses & Plátres de France. 

India.—India is self-sufficient in gypsum 
and has extensive reserves in eight States; 
however, many of the country's deposits 
are excessively distant from consuming 
areas. The result is temporary shortages 
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and high freight rates. India’s total annual 
production, therefore, is consumed in the 
country and largely within the fertilizer, 
cement, ceramic, and chemical and phar- 
maceutical industries. Recently revised data 
on proved and indicated reserves from the 
Geological Survey of India indicate that 
more than 1.1 billion metric tons of gyp- 
sum has been located. Gypsum mining in 
India is confined to open pit operations, 
and contaminating clays interbedded with 
the ore necessitate continuous selective 
mining.? 

Mauritania.—Late in 1970 it was an- 
nounced that a substantial deposit of gyp- 
sum had been discovered near the capital, 
Nouakchott. Reserves had been reported in 
the billions of tons. The deposit extends 
over many square kilometers and is com- 
prised of two types of gypsum—gypsum in 
dunes and compact gypsum. 


Mexico.—Almost all the crude gypsum 
output for Mexico is exported to the 
United States. The vast bulk of the output 
is shipped from a quarry on San Marcos 
Island, in the Gulf of California, to the 
west coast of the United States. 


United Kingdom.—The United States 
Gypsum Co., whose principal European in- 
terests are Gyproc-Benelux S.A. in Belgium 
and Gessi San Salvo S.p.A. of Italy, has 
disposed of its 15-percent interest in B.P.B. 
Industries, Ltd. “The two companies will, 
however, maintaiin a close working rela- 
tionship and continue to exchange exper- 
tise in research information. 


An article described the gypsum industry 
of Britain.3 


TECHNOLOGY 


Interest continued to be shown in the 
use Of gypsum as a source of sulfur; how- 
ever, the reduced price of sulfur has 
changed the economic situation for the 
various processes being considered. The in- 
creasing seriousness of waste piles of by- 
product gypsum resulting from the manu- 
facture of fertilizers is creating interest in 
obtaining answers from an environmental 
standpoint. A method for the bacteriolog- 
ical extraction of sulfur values from a sub- 
terranean gypsum stratum uses a culture 
of thiobacillus thioparus, or other sulfide 
reducing and oxidizing bacteria, inoculated 
into the gypsum stratum via a cased bore- 


hole. Raw sewage is used as a culture me- 
dium and the bacteria are permitted a suf- 
ficient work period to form hydrogen 
sulfide gas. The hydrogen sulfide gas is re- 
covered and treated by conventional meth- 
ods for its sulfur content.5 

An improved fire-resistant plaster, com- 


2 Bureau of Mines. Mineral Trade Notes. V. 67, 
No. 11, pp. 23-24. 

3 Industrial Minerals. Gypsum in Britian. V. 37, 
October 1970, pp. 17-21. 

4 Industrial Minerals Magazine. Gypsum's Sulfur 
Values. No. 37, October 1970, pp. 22-25. 

5 Johnson, C. J., W. G. Mouat, and A. G. David- 


son. Bacteriological Extraction of Sulfur Values 
From Gypsum. U.S. Pat. 3,542,431, Nov. 24, 1970. 
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prised of a gypsum plaster base with a 
sizable percentage of either lime, portland 
cement, phosphate rock, or phosphatic 
shale, an adhesive binder and either ex- 
panded perlite, or exfoliated vermiculite 
was patented. Another improved gypsum 
plaster that dries to a hard, highly stable 
mass consists of a mixture of accelerated 
anhydrous gypsum plaster, retarded hemihy- 
drate plaster, and 5 to 7 percent of ex- 
panded perlite or exfoliated vermiculite. 
This mix is shown to be workable over a 
comparatively long period of time.? 

A retarder for use in gypsum plaster 
consists of a methoxy polyethylene glycol, 
or similar compound.8 A second gypsum 
plaster retarder is comprised of certain 
polycarboxylic compounds obtained by con- 
densation of aliphatic amino acid with 
formaldehyde.9 

A plaster for single-coat plastering of 
concrete blocks or other  high-suction 
backgrounds was patented.10 The plaster 
consists of 54 to 74 percent gypsum plaster 
produced by continuous calcination of 
powdered gypsum in a vessel of which the 
contents are fluidized by evolved water, 25 
to 35 percent of ground limestone, and 
minor percentages of lime cellulose ether, 
ground crude gypsum, and animal gluc. 

In alpha-type gypsum plaster manufac- 
ture, the starting gypsum rock is mixed 
with lithium hydroxide or similar com- 
pound as a retarder before it is calcined.11 
A patent was issued on the manufacture 
of a hydraulic binding agent for building 
purposes, in which gypsum. plaster is 
mixed with optimum proportions of fluor- 
spar, copper oxide, and a natural alumi- 
num silicate material such as kaolin.1? 

A method to avoid caking of moist he- 
mihydrate consists of separating the 
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hemihydrate gypsum plaster from water in 
a continuous decanting centrifuge. The 
centrifuge casing is heated so that all sur- 
faces are hotter than 100% C.13 

Granulation of hemihydrate gypsum is 
accomplished when plaster, the calcium 
sulfate hemihydrate obtained by conven- 
tional means is agitated in the presence of 
water at a temperature of 80° to 90°. The 
granules are then dried. Optionally, there 
is added to the wet plaster either asbestos 
or expanded perlite or both to make it a 
reinforced product or lightweight product 
or both.14 | 

A method and apparatus for high-speed 
drying of gypsum board was patented and 
consists of a multitiered continuous dryer 
for gypsum board using high-velocity, 
high-temperature jets of air.15 


6 Ware, F. Heat and Fire-Resistant Plaster Com- 
positions. U.S. Pat. 3,502,490, Mar. 24, 1970. 

T Hynes, J. P. Gypsum Plaster. British Pat. 
1,184 GC Mar. 18, 1970. 

8 Pratt, R. J., and D. W. Young (assigned to 
Sinclair Research Inc. . New York). Set Retarded 
170 Composition. U.S. Pat. 3,544,344, Dec. 1, 

9 Kuntze, R. (assigned to Dominican Tar & 
Chemical Co.). a Retarder. Canadian Pat. 
841,074, May 5, 1970. 

10 Pilgram, T. A., and A. W. Thornhill (as- 
signed to British Gypsum Ltd.). Gypsum Plaster. 
Canadian Pat. 831,069, Dec. 30. Ce 9. 

11 Chambers, G. P. C., and M. R. Damm., Man- 
facture of Calcium Sulfate Hemihydrats U.S. Pat. 
3,520,708, July 14, 1970. 

12 Way, T. Hydraulic Binding Agent. 
Pat. 1,200, 429, July 29, 1970. 

13 Brown, M. G., and E. G. Foster (assigned 
to Imperial Chemical Industries, Ltd., London). 
ipeum Plaster. British Pat. 1,190,014, Apr. 29, 


British 


M (Patentee not named, assigned to Rigips 
Baustoffwerke G.m.b.H.). A Method for Granu- 
lating Hemihydrate Gypsum Plaster. British Pat. 
1,190,295, Apr. 29, 1970. 

15 Schuette, H. W., and R. N. Hume (assigned 
to Moore Dry Kiln Co.). Method and Apparatus 
for High Speed Drying of Gypsum Board. U.S. 
Pat. 3,529,357, Sept. 22, 1970. 


Helium 


By Edwin M. Thomasson 1 


Sales of grade A helium in the United 
States in. 1970 were 647.2 million cubic feet 
(MMcf), a decline of about 112.3 MMcf 
from 1969 sales. Of the total, 230.7 MMcf 
was sold by the Bureau of Mines, com- 
pared with 360.7 MMcf in 1969. Private 
plants had a total sales volume of 416.5 
MMcf in 1970, compared with 398.8 MMcf 
in 1969. Helium purchases by the Bureau 


of Mines under the conservation program 
totaled 3,490.6 MMcf in 1970. 

The price of helium, f.o.b. Bureau of 
Mines plants, remained $35 per thousand 
cubic feet. This price was established in 
1961. Helium was sold by private produc- 
ers at various rates, all somewhat lower 
than the Bureau of Mines price. 


7 


PRODUCTION 


On January 1, 1970, there were 12 heli- 
um extraction plants operating in the 
United States. On December 31, 1970, 11 of 
these plants remained in operation. Table 
1 shows the plants operating at the begin- 
ning of the year and their status at year- 
end. These plants may be classified in 
three categories: (1) plants owned by the 
Federal Government and operated by the 
Bureau of Mines, (2) privately owned and 
operated “conservation” plants producing 
only crude helium (50- to 85-percent pu- 
rity), almost all of which is purchased by 
the Bureau of Mines under the national 
helium conservation program, and (3) pri- 
vately owned and operated plants produc- 
ing helium for independent sale to com- 
mercial (non-Federal) customers. 


Total production of helium (of all 
grades) from all plants during 1970 was 
4,676.8 MMcf. This is a decrease of about 
1.6 percent from the 1969 production of 
4,752.4 MMcf. 


Bureau of Mines Plants.—Thrce Bureau 
of Mines plants, at Amarillo and Exell, 
Tex., and Keyes, Okla., were in operation 
at the beginning of the year. However, the 
plant at Amarillo, Tex., which commenced 
operation in 1929, was closed on April 15, 
1970. The loading facility at the Amarillo 
plant continues in operation with high-pu- 
rity helium being supplied from the Exell 


plant by means of a pipeline connecting 
the two. Production from the three plants 
was 660.1 MMcf of high-purity (99.997 - 
percent purity) helium. or about the same 
as the 1969 production of 666.9 MMcf. 
Helium produced by the Bureau of Mines 
and not sold was stored in the Cliffside 
gasfield near Amarillo, Tex. The Bureau 
of Mines plants at Exell, Tex., and Keyes, 
Okla., processed essentially all the helium- 
bearing natural gas tendered by the natu- 
ral gas pipeline company serving the 
plants. 

Extensive modernization of the Exell 
plant and the installation of additional 
processing facilities continued throughout 
the year. 

Conservation Plants.—Five privately 
owned and operated helium extraction 
plants produced helium for sale to the Bu- 
reau of Mines under long-term contract 
for the Government’s helium conservation 
program. These plants produced only 
crude helium, principally for storage at 
the Cliffside field, but two of the plants 
sold small quantities of crude helium pro- 
duced in excess of conservation contract re- 
quirements to private helium plants for 
purification. Some of this excess helium 
was stored at the Cliffside field under con- 
tract with the private producers. During 


1 Staff engineer, Division of Helium. 
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Table 1.—Ownership and location of helium extraction plants in the United States 


Category and owner or operator 1 Location Type of production Status 
Dec. 31, 1970 
Government owned (1): 
Bureau of Mines. ` Amarillo, Tek Grade A helium Abandoned. 
Dina Exell, Ee ee ee ---- %% Operating. 
Dü a a p. z eat a Keyes, Okla. `. ...- 0 Do. 
Conservation plants (2): 
Cities Service Helex, Ine Ulysses, Rang ----- Crude helium only... Do. 
National Helium Cord Liberal, Kans............. .... % Do. 
Northern Helex Co Bushton, Kans............ E. (AAA Do. 
Phillips Petroleum Coo Dumas, Tek. A Do. 
Do. PRENNE Hansford Co., Tek .... oo 8 Do. 
Privately owned (3): 
Alamo Chemical Co_ ._ Elkhart, Kans...........- Grade A helium Do. 
Cities Service Cryogenics, Ine Scott City, Kans.......... Crude helium 2 Do. 
Kansas Refined Helium Coo Otis, Rang Grade A helium Do. 
Kerr-McGee Cor Navajo, Ari Grade A helium Do. 
Linde Co. Z.. Shiprock, N. Mex......... Grade A helium Not operating. 
Western Helium Co............... Navajo, Ari dom cesitlabas Operating. 


1 See text for full descriptions of plant categories. 

2 Crude helium is shipped by pipeline to Cities Service Helex plant for purification. 

3 Plant equipped to produce liquid helium. 

4 Former Bureau of Mines plant, now owned by the Navajo Indian Tribe and operated under lease as a 
pilot-plant operation. 


Table 2.—Helium production in the 
United States 


(Million cubic feet) 


Table 3.—Production of grade A helium 
by Bureau of Mines plants 
(Million cubic feet) 


55 Quantity 
: ant location 
Year Quantity 1969 1970 
1966. ------------------------------ 4,606.1 Amarillo, Tex. i222 57.1 10.6 
EE 2 Exell, Tex------------------- 256.4 255.9 
(^ d dM EM 8 id dc N 
1970 — --.------------------------ 4,676.8 Potalz 2 u niaes 666.9 660.1 
1 Plant ceased operation Apr. 15, 1970. 
Table 4.—Helium purchased by the Bureau of Mines for conservation 
` (Million cubic feet) 
Helium delivered 
Company Location 
1966 1967 1968 1969 1970 
Cities Service Helex Inc....... Ulysses, Kans........... 117.4 740.6 771.4 718.3 716.5 
National Helium Cord Liberal, Kans........... 1,303.7 1,245.6 1,211.6 1,247.4 1,165.8 
Northern Heiles Co. .......... Bushton, Kans.......... 565.5 654.9 618.1 662.4 612.9 
Phillips Petroleum Coo Dumas, Tek 539.8 551.2 569.9 587.9 587.3 
Oo ai ER Hansford Co., Tex....... 490.7 426.4 468.8 429.3 408.1 
Totals IS LRL C A 3,617.1 3,618.7 3,639.8 3,645.3 3,490.6 


Table 5.—Helium in conservation storage 
(Million cubic feet) 


of this total, compared with 3,645.3 MMcf 
purchased in 1969. 


: Private Plants.—Five privately owned 

Vea? KE 5 helium extraction plants were in operation 

Dec. 31 owned 1 during the year. These private plants oper- 

19666. 12,720.2 50.2 ate independently of the Federal helium 

1967... ..-....-------- 16,527.0 57.4 program, and sales are made for the most 

. sa eau 20,328.5 69.8 . e i í 

196992 24 224.0 21.0 part directly, or through industrial gas dis- 

19700. : —— 28, 236.1 58.1 tributors, to commercial (non-Federal) 
1 Helium stored for private companies under stor- Customers. 


age contracts and not owned by Bureau of Mines. Production from all private helium 


plants in 1970 was 416.5 MMcf of grade A 


1970, the five conservation plants produced 
a total of 3,600.2 MMcf of helium. The 
Bureau of Mines purchased 3,490.6 MMcf 


helium. This compares with the 398.8 
MMcf produced by these plants during 
1969. 


HELIUM 
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CONSUMPTION 


Bureau of Mines sales of grade A heli- 
um continued to decline during the year. 
Bureau sales were 230.7 MMcf in 1970, 
compared with 360.7 MMcf in 1969. Total 
sales of grade A helium from both Bureau 
and private sources also decreased from a 
total of 759.8 MMcf in 1969 to 647.2 MMcf 
in 1970. Of the total Bureau of Mines 


sales of high-purity helium, 177.5 MMcf 
was delivered to Federal agencies and 53.2 
MMcf to commercial customers. However, 
much of the helium delivered to commer- 
cial firms was redistributed to Federal 
agencies; thus, the amount is not indica- 
tive of actual helium use by non-Federal 
customers. 


Table 6.—Shipments of grade A helium from Bureau of Mines 
plants to various customers 


(Million cubic feet) 


1969 1970 
Recipient 
Quantity Percent! Quantity Percent! 

Federal agencies: 
Department of Defense... 191.6 53.1 119.5 51.8 
Atomic Energy Commission 23.3 6.5 17.1 7.4 
National Aeronautics and Space Administration 63.8 17.7 37.4 16.2 
Weather Bureau (ESS A)) 4.5 1.2 3.1 1.3 
§öéO—ÜO ⁵ « äà˙::•⅛f A he E . 8 2 4 .2 
nl,, ke secius 284.0 78.7 177.5 76.9 
Non- Federal customers „ 76.7 21.3 53.2 23.1 
fr; uu a di 360.7 100. 0 230.7 100.0 


1 Percentage of all shipments. 


2 A large part of this helium is redistributed by the Bureau’s non-Federal customers to Federal agencies and 
their contractors; hence, the data herein are not indicative of actual helium use by non-Federal customers. 


The decline in total helium sales in the 
United States follows a trend first estab- 
lished in 1967. Peak sales occurred in 1966, 
when 948 MMcf of helium was sold 
(used). Most of the decline in helium 
sales (usage) is believed attributable to 
the reduced level of activity in the Na- 
tion's space and missile programs and the 
shift in these programs from development 
to operational status. Also, the overall 
slowdown in the Nation's economy has un- 
doubtedly contributed to the reduction of 
helium sales in the past few years. 

All Bureau of Mines grade A helium 
was shipped in gaseous form in cylinders, 
highway semitrailers, or railway tank cars. 
Private plants shipped helium in both the 
gaseous and liquid states. 

Helium redistribution continued satisfac- 
torily under contracts between the General 
Services Administration and private compa- 
nies. The private companies purchase heli- 
um from the Bureau of Mines in bulk, 


repackage it in smaller containers, and dis- 
tribute it to the helium-using Federal 
agencies. These contracts make relatively 
small quantities of helium readily avail- 
able to the agencies and reduce freight 
charges for small purchases. 

The largest user of helium in 1970 was 
again the Nation's space and missile pro- 
gram. Private industry and research organ- 
izations also continued to use large quanti- 
ties of helium. 


Table 7.—Grade A helium used in the 
United States 


(Million cubic feet) 


Year Quantity ! 
ö tele re de as 948 
Ty BED MERE AAA A AA 907 
196888 867 
1969§hh0ii ee 760 
Jö 8 647 


1 Includes helium produced and sold by privately 
owned helium extraction plants. 
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RESOURCES 


The survey to locate the helium re- 
sources of the United States was continued 
throughout the year. A total of 457 natu- 
ral gas samples from fields and wells in 20 
States and five foreign countries were col- 
lected and analyzed for helium. 

Judging from the information now 
available, no significant discoveries of heli- 
um were made in 1970; however, the fu- 
ture development of new fields could in- 
crease estimates of reserves. 

As of December 31, 1970, the helium 


reserves of the United States were esti- ` 


mated to be 154 billion cubic feet, exclu- 
sive of the 28 billion cubic feet of helium 
in storage at Cliffside Field, Potter County, 


Tex., near Amarillo. Five major helium- 
bearing gasfields located in the Texas Pan- 
handle, Oklahoma Panhandle, and south- 
western Kansas contain over 80 percent of 
the helium reserves of the United States. 
These fields are (1) the Hugoton field in 
Kansas, Oklahoma, and Texas; (2) the Pan- 
handle field of Texas; (3) the Keyes field 
in Oklahoma; (4) the Greenwood field in 
Kansas and Colorado; and (5) the Cliff- 
side field in Texas. All of these fields are 
within 200 miles of Amarillo, Tex. The re- 
maining helium reserves are contained in 
83 gasfields located in Arizona, Colorado, 
Kansas, Montana, New Mexico, Oklahoma, 
Texas, Utah, West Virginia, and Wyoming. 


FOREIGN TRADE 


Export licenses for helium were granted 
by the Office of Munitions Control, U.S. 
Department of State.2 Exports of helium 
in 1970 are estimated to be about 60 to 65 


WORLD 


The only helium extraction plant in op- 
eration in the free world besides those in 
the United States is located near Swift 
Current in Saskatchewan, Canada. The 
plant began production in December 1963. 
It processes nonflammable helium-bearing 
gas from a small reserve. In 1967, the 
plant’s annual capacity was increased from 
12 MMcf to 36 MMcf. While exact produc- 


MMcf. Most exported helium was used in 
fundamental and applied research, in chro- 
matography, and in various atomic energy 
applications. 


REVIEW 


tion data are not known, it is believed 
that the plant operates at near capacity. 
Most of the helium produced is said to be 
exported to Japan and other Asian coun- 
tries, although some is used in Canada. 


2The authority to grant export licenses for 
helium was transferred to the Department of 
Commerce from the Department of State in 
March 1971. 


Iron Ore 


By F. L. Klinger 1 


World production of iron ore in 1970 
increased about 7 percent compared with 
that of 1969. Increased output was evident 
in most of the principal producing coun- 
tries. Demand was strong in the first half 
of the year but declined to some extent in 
the last half as the pace of steelmaking 
was slowed in the United States, Europe, 
and Japan. Iron ore prices were generally 
higher, continuing a trend begun in 1969 
after several years of decline. Demand for 
high iron content ores, beneficiated to in- 
creasingly strict physical and chemical 
specifications, continued to raise the qual- 
ity of marketable ore as well as the costs 
of production. This inevitably led to the 
closing of additional high-cost or low-vol- 
ume producers such as small underground 
mines and to the coalition of other produc- 
crs into larger, more competitive units. 

Transportation continued to be a major 
element in iron ore costs, but it was also 
an area where important savings were pos- 
sible. The trend toward increasing the size 
of individual ore shipments, ore-carrying 
vessels, and of the capacity of port facili- 
ties to service them was evident all over 
the world. Several ports were completed or 
under construction to handle vessels in the 


250,000-ton range. The capacity of loading 
and unloading systems installed was as 
high as 15,000 to 20,000 tons per hour. 
Slurry transport systems were affording 
such economies in transport and handling 
costs that a number of iron ore deposits, 
previously regarded as marginal or uneco- 
nomic, could now be exploited. 

Capacity for iron ore pellet production 
continued to rise. New plants or expan- 
sions of existing plants were completed or 
under construction in the United States 
and a dozen other countries. The United 
States produced more than half of the 
world’s pellets; output in 1970 was 55.4 
million tons, The number of metallized- 
pellet plants was also increasing. 

Australia became the world’s leading ex- 
porter of iron ore in 1970 and was the 
principal recipient of new iron ore invest- 
ments. Australia’s export commitments 
under long-term contracts totaled more 
than 1 billion tons of iron ore, about 
three-fourths of which was destined for 
Japan. Major expansions of production ca- 
pacity were announced in Canada and 
Brazil. 


1 Physical scientist, Division of Ferrous Metals. 


Table 1.—Salient iron ore statistics 
(Thousand long tons and thousand dollars) 


United States: 

Iron ore (usable;! less than 5 percent Mn): 
Production: kregen Se Eet sia 
Shipments EE 

Valle EE 


Consumption 
Stocks Dec. 31: 
At mines 3: l2 di at a 
At consuming plants 
At U.S. COCKS oo te a ect nh 
Manganiferous iron ore (5 to 35 percent Mn): 
Shipments_______ 002 ote 8 
World: Production 


1966 1967 1968 1969 1970 
90,147 84,179 85,865 88,328 29,760 
90,041 82,415 81,934 89,854 87,176 
$854,134 $817,511 $836,433 $929,293 $941,739 
$9.49 $9.92 $10.21 $10.34 $10.80 
7,77 5, 90 5, 8 5, 160 5,492 
$92,157 $71,585 $70,835 $62,310 $67,898 
46,259 44,611 43,941 40,732 44,876 
$462,354 $443,918 $453,753 $402,178 $479,380 
134,047 127,424 131,753 140,235 185,000 
12,160 12,959 16,041 13,566 15,316 
54,658 55,121 53,232 r 50,935 52,781 
2,707 2,987 2,797 2,648 3,403 
246 289 245 385 329 
625,799 612,820 668,142 707,183 754,299 


» nm A mI T — —— 


r Revised. 


1 Direct shipping ore, washed ore, concentrates, agglomerates, and byproduct ore (mostly pyrites cinder 


and agglomerates). 
2 Includes byproduct ore. 
3 Excludes byproduct ore. 
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Figure 1.—United States iron ore production and imports for consumption. 


EMPLOYMENT 


Preliminary figures indicated a 1.4-per- 
cent increase in total man-hours worked in 
iron ore mines and beneficiating plants in 
the United States in 1970. The average 
number of men employed declined to 
about 17,000 compared with 18,600 in 1969. 
The drop in employment occurred princi- 
pally in Michigan, where three under- 
ground mines were closed at the end of 
1969. In the Lake Superior district, the av- 
erage number of men employed was 66 
percent of the national total, compared 
with 67 percent in 1969. 

The number of man-shifts worked in the 
Lake Superior district in 1970 increased 1 
percent compared with 1969, as output of 
crude ore rose 2.7 percent and output of 
usable ore, 1.4 percent. This reflected in- 
creased production from taconite opera- 
tions. For the rest of the country, the 
number of man-shifts increased about 2 
percent, output of crude ore rose 3 per- 
cent, and output of usable ore, about 2 


percent. Nationwide, calculated output per 
man-shift increased 1.3 percent for crude 
ore; the figure for usable ore appeared to 
be almost the same as in 1969, A true 
measurement of productivity was prevented 
by the usual practice of mining companies 
to maintain a stable labor force by keep- 
ing men employed all year, even if not 
producing iron ore. 

The trend toward reducing the number 
of relatively small, high-cost mines in favor 
of more efficient, large-scale operations was 
continued. There were 18 fewer mines op- 
erating at yearend compared with 1969, al- 
though several of these were closed because 
ore reserves were exhausted. Employment 
figures in 1970 for the iron mining indus- 
try in most of the principal producing 
States were lower than in 1969. 

Revised employment data for 1969 
showed a total of 42,634,000 man-hours 
worked and the average number of men 
employed to be 18,646. 
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DOMESTIC PRODUCTION 


Crude iron ore production in 1970 in- 
creased 2.6 percent compared with 1969. 
The higher output was generated mainly 
by taconite operations in Minnesota and 
Wisconsin, which compensated for reduced 
production from “soft-ore” mines of the 
Mesabi and Menominee ranges. In Wiscon- 
sin, the Black River Falls mine and plant 
of Inland Steel Co. has its first full year of 
production in 1970. 


Domestic output of crude ore was pro- 
duced from 10 underground mines and 64 
open pits in 1970, compared with 12 un- 
derground mines and 80 open pits in 1969. 
The proportion of crude ore mined from 
open pits in 1970 was 93.8 percent, slightly 
higher than in the previous year. The av- 
erage iron content of all crude ore mined 
in 1970 was approximately 33 percent. 


Mines operated during 1970 but closed 
by yearend included the Humboldt mine 
on the Marquette range, Michigan; the 
West Hill mine on the Mesabi range and 
the Lauretta Manganiferous mine on the 
Cuyuna range in Minnesota; and the Pyne 
underground mine in the Birmingham dis- 
trict. “The Pyne mine, operated by the 
Woodward Co. (Division of the Mead 
Corp.), was the last of the “red ore” 
mines operating in Alabama. 


Production of usable ore was 1.6 percent 
more than in 1969, but shipments declined 
3 percent. Production and shipments of di- 
rect-shipping ores in 1970 were more than 
25 percent less than in 1969 because the 
market continued to favor ores having a 
higher iron content and/or a more uniform 
structure. Production of pellets and sinter 
at domestic mines was about 5 percent more 
than in 1969, and the proportion of bene- 
ficiated ore2 rose to about 92 percent of 
the national output compared with 89 per- 
cent in 1969. The average iron content of 
usable ore production and shipments was 
slightly higher than 59 percent. The Lake 
Superior district again. accounted for 78 
percent of the national output. 


In Minnesota, United States Steel Corp. 
began constructing additional processing 
facilities at the Minntac plant near Moun- 
tain Iron. The new facilities, which will in- 
clude two Allis-Chalmers “Grate Kiln” 
pelletizing lines with a design capacity of 3 
million tons each, will increase nominal 
production capacity of the plant to 12 mil- 


lion tons of pellets per year. The expansion 
was scheduled to be completed in 1972. 
Elsewhere on the Mesabi, United States 
Steel began production of ore at the Twin 
City mine near Chisholm, and was prepar- 
ing to strip surface overburden from the 
Donora ore body near Aurora. Rhude & 
Fryberger, Inc. announced that it was de- 
veloping a new open pit mine near Kin- 
ney, at the Rana property. Natural ores 
will be mined by open pits at these prop- 
erties. In other developments, Bethlehem 
Steel Corp. and Pickands Mather & Co. 
were investigating the economic feasibility 
of constructing a  4-million-ton-per-year 
pelletizing facility for iron ore at Hibbing. 
The two firms announced in September 
that a contract for the cost study had been 
awarded to United Engineers & Construc- 
tors, Inc., of Philadelphia, Pa. 


In Michigan, the Eagle Mills pellet 
plant was closed at yearend. The plant, lo- 
cated east of Negaunee, pelletized a por- 
tion of the concentrates produced at the 
Republic mine. These concentrates will 
now be pelletized at the Humboldt plant, 
which was idled in 1970 when the Hum- 
boldt mine was closed. 


In California, Standard Slag Co. was re- 
ported to be building an iron ore process- 
ing plant in the Kingston Peak area of 
San Bernardino County. The plant was 
scheduled to begin production in Novem- 
ber 1971 to fulfill a 5-year contract for 
supply of 2.5 million tons of iron ore to 
the Nippon Steel Corp. of Japan. Source of 
the ore is expected to be the Kingston 
(also known as the Beck or Iron Gossan) 
deposit. 

In New York, National Lead Co. contin- 
ued construction of a $4.5 million plant 
for regrinding magnetite concentrate. Com- 
pletion of the facility was expected in May 
1971. Although the plant was primarily de- 
signed to recover additional ilmenite, the 
quality of coproduct magnetite will also be 
improved. The company hopes to expand 
its sales of magnetite in the heavy-media 
market, and to the steel industry for use 
in direct- reduction processes. National 
Lead is a co-owner of the S / RN direct- re- 
duction process. 

In Alaska, United States Steel acquired a 


2 Beneficiated by further treatment than ordi- 


nary crushing and screening. 
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10-year lease on 563 acres of the Klukwan 
Indian Reservation, north of Juneau. The 
Klukwan iron deposits reportedly contain 
an average of 13 percent iron and 2 per- 
cent titanium. No development plans were 
announced. South of Juneau, the Marcona 
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Corp. was reported to have completed 
planned field work on the Snettisham de- 
posits by mid-1970. The company had pre- 
viously announced plans for a $130 million 
project to exploit the deposits, but no fur- 
ther developments were reported in 1970. 


CONSUMPTION AND USES 


The method of reporting iron ore 
consumption adopted in 1963 was contin- 
ued in 1970. Concentrate used for agglom- 
erate produced at mine sites was not re- 
ported as iron ore consumption. Its 
consumption was reported when the ag- 
glomerate produced was shipped to the 
furnace site and used. However, concen- 
trate and fines used for agglomerate pro- 
duction (mainly sinter) at blast furnaces 
and steel mills was reported as iron ore 
consumed. This method of reporting gives 
a valid balance between reported consump- 
tion and iron ore supply (production plus 
imports less exports, including adjustments 
for losses due to processing and transport- 
ing) . 

Iron ore consumed in making agglome- 


rates at steel mills includes foreign and 
domestic direct-shipping ores, fines gener- 
ated in shipping, and foreign and domestic 
iron ore concentrate. Other materials such 
as limestone, flue dust, mill scale, and coke 
breeze used in making agglomerates were 
excluded. 

Total consumption of iron ore in 1970 
was 3.7 percent less than the record con- 
sumption reported for 1969. Consumption 
in steel furnaces continued to decline as 
more open-hearth furnaces were shut 
down. Consumption of iron ore in blast fur- 
naces was 4.7 million tons less than in 
1969 as production of pig iron fell about 3 
percent. The weight ratio of iron ore con- 
sumed to hot metal produced remained at 
approximately 1.6 to 1. 


STOCKS 


Total stocks of iron ore at U.S. mines, 
docks, and consuming plants, excluding by- 
product ore, totaled 71.5 million tons on 
December 31, 1970. This represented a 6- 
percent increace compared with total stocks 
at yearend 1969 and a return to the levels 
of 1967-68. The relatively low level of 
stocks in 1969 was attributed to reduced 
shipments from Canada owing to strikes at 


the Canadian mines in that year. Total 
stocks of iron ore in the United States at 
yearend were equivalent to about 6 
months’ supply at the average rate of do- 
mestic consumption in 1970. Stocks at U.S. 
mines increased 11 percent by the end of 
the year as shipments were down nearly 
2.7 million tons from the 1969 level. 


PRICES 


Base prices for Lake Superior natural 
iron ores and pellets were higher in 1970. 
Published prices per long ton, 51.5 percent 
iron, natural, rail of vessel at Lower Lake 
ports, were 25 cents higher than in 1969 
and were as follows: Mesabi non-Bessemer, 
$10.80; Mesabi Bessemer, $10.95; Old 
Range non-Bessemer, $11.05; and Old Range 
Bessemer, $11.20. Lake Superior pellets 
were priced at $0.266 per long ton unit, 
up 1.4 cents from 1969. 

Bulk vessel freight rates on iron ore 
shipments from the head of the lakes to 
lower lake ports were increased 10 cents 


per ton, effective August 15, by the Inter- 
lake Steamship division of Pickands 
Mather & Co. An additional charge of 5 
cents per ton was made for deliveries to 
docks not capable of handling vessels hav- 
ing drafts of more than 23 feet. 

Further increases in iron ore prices were 
announced in late 1970 for the 1971 sea- 
son. Hanna Mining Co. announced in- 
creases of 37 cents per long ton for natural 
ores and 1.4 cents per long ton unit for 
pellets. The new prices, to be effective Jan- 
uary 1, 1971, were as follows: Mesabi non- 
Bessemer, $11.17; Mesabi Bessemer, $11.32; 
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Old Range non-Bessemer, $11.42; and Old 
Range Bessemer, $11.57. The price for pel- 
lets would be $0.28 per long ton unit. Any 
increase in transportation or handling costs 
during 1971 was to be borne by the buyer. 

The average value of usable iron ore 
shipped from domestic mines in 1970 (ex- 
cluding byproduct ore) was $10.80 per 
long ton, f.o.b. mines, compared with 
$10.34 in 1969 and $10.21 in 1968. These 
data were taken from producers’ statements 
and approximated the commercial selling 
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price less the cost of mine-to-market trans- 
portation. 

Published prices of selected foreign ores 
were as follows: Venezuela, Orinoco No. 1, 
58 percent iron, f.o.b. Puerto Ordaz, per 
long ton, $7.88 (January-August) and 
$8.55 (September-December); and Brazil, 
lump ore, 68.5 percent iron, f.o.b. shipping 
point, $9.10 to $9.60 per long ton. Approx- 
imate f.o.b. prices for Australian lump ore, 
64 percent iron, were reported to be $10.15 
to $10.25 per long ton in late 1970 (see 
World Review— Australia). 


TRANSPORTATION 


The trend toward increasing capacity of 
ore-carrying ships and of loading and han- 
dling facilities to service them was contin- 
ued in 1970. On the Great Lakes, two 
large self-unloading iron ore carriers were 
scheduled for service in 1971. One was 
being built for Bethlehem Steel by Erie 
Marine division of Litton Industries, Inc.; 
it has a length of 1,000 feet and a cargo 
capacity of 51,500 long tons at 25 foot, 6 
inch draft. The unloading system can dis- 
charge ore at rates up to 20,000 tons per 
hour. The vessel will increase the trans- 
port capacity of Bethlehem's seven-ship 
fleet by as much as 50 percent. The second 
vessel, an 858-foot carrier built for United 
States Steel by The American Ship Build- 
ing Co., has a cargo capacity of about 
45,000 tons and an unloading rate believed 
to be comparable to the first. The latter 
company was also building two 630-foot, 
self-unloading lake carriers designed to 
transport ore to upriver terminals. These 
ships, scheduled for service in 1973-74, will 
be of 19,000 deadweight tons (d.w.t.) and 
will have unloading rates of 5,000 tons per 
hour. They are expected to reduce unload- 
ing time by 75 percent compared with 
manual methods. 

Abroad, new port facilities were com- 
pleted in 1970 for accommodating iron ore 
carriers of up to 250,000 tons at Sept Iles, 
Quebec, and 200,000 tons at the Europoort 
terminal in Holland. The port at Tu- 
baráo, Brazil was being developed to allow 
loading 250,000-ton carriers, and plans 
were announced to develop a second port, 
at Sepetiba Bay, to accommodate vessels of 
similar size. Dredging of the port at Point 
Central, Mauritania, was expected to allow 
loading of vessels of 147,000 d.w.t. by April 


1971. In Western Australia, contracts were 
let for construction of an iron ore load- 
ing facility at East Intercourse Island, 
near Dampier, designed to accommodate 
160,000-ton carriers. 

The Grángesberg Co. of Sweden ordered 
a third 265,000-ton ore/oil carrier for deliv- 
ery in 1974. All three to these vessels are 
being built at the Uljanik shipyard in 
Pula, Yugoslavia. The first two are sched- 
uled for service in 1973 and are already 
contracted for on a time-charter basis for 3 
to 5 years after delivery. 

The tonnage of individual iron ore car- 
goes loaded at foreign ports continued to 
rise. The largest reported was 138,000 gross 
tons loaded at Tubaráo; others included 
122,000 tons at Sept Iles, 111,000 tons at 
Port Hedland, and 88,000 tons at Port 
Cartier. 

The number of ore carriers operating in 
world fleets on January 1, 1970, was re- 
ported to be 273, averaging 30,800 d.w.t., 
compared with 131 vessels averaging 18,100 
d.w.t. on January 1, 1960. Corresponding 
figures for ore/oil carriers were 126, averag- 
ing 56,000 d.w.t., compared with 55 vessels 
averaging 24,000 d.w.t. 10 years previously.3 

A study of bulk-commodity transporta- 
tion on the Great Lakes was published by 
the Bureau of Mines. It presents hydro- 
logic data; discusses factors which influence 
the volume, pattern, and cost of shipping 
different commodities; and presents esti- 
mates of the composition, characteristics, 
and operating costs of the U.S. lake vessel 
fleet in 1995.4 

3 Mining Magazine 
March 1971, p. 215. 

t Aase, J.H. Transportation of Iron Ore, Lime- 
stone, and Bituminous Coal on the Great Lakes 


Waterway System, With Projections to 1995. Bu- 
Mines Inf. Circ. 8461, 1970, 61 pp. 


(London). V. 124, No. 3, 
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Transport of iron ore by pipeline and 
by slurry ships continued to be a subject 
of high interest. The 53-mile pipeline 
operated by Pickands Mather International 
in Tasmania completed 3 years of success- 
ful operation. A 232-mile pipeline was 
planned by Canadian Javelin, Ltd., to move 
12 million tons of iron ore per year from 
mines in Labrador and Quebec to a pelle- 
tizing complex on the St. Lawrence River. 
A study by the Bureau of Mines of the 
cost of pipelining magnetite concentrate 
from the Mesabi Range to the Chicago 
area suggested that the cost may be com- 
petitive with that of rail-vessel systems cur- 
rently used.5 

Transport of slurried iron ore concen- 
trates by ocean carriers, with either 
loading or unloading accomplished by 
pipeline, began in 1970 when the Marcona 
Corp. shipped 42,000 tons of magnetite 
concentrate from Tasu, British Columbia 
to Portland, Oreg. The concentrate was 
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loaded by conveyor, then converted to 
slurry for discharge at Portland. The 
52,000-ton ship, the world's first ore / 
slurry/oil carrier, was converted from a 
conventional ore/oil carrier to use the com- 
pany’s Marconaflo system. A second slurry 
ship of 141,000 d.w.t. was being converted 
from a 106,000-ton ore carrier by the com- 
pany. The latter vessel will be used pri- 
marily to transport slurried concentrate 
from Peru to Japan, to fulfill a 10-year, 
10-million-ton contract negotiated by Mar- 
cona with Nippon Steel Corp., in 1970. 

Offshore loading of slurried magnetite 
concentrate by a 1.5-mile submarine pipe- 
line from a Waipipi iron sand deposits 
in New Zealand was scheduled to begin in 
1971. This project, operated by a Marcona 
subsidiary, will produce 2 million tons of 
concentrate per year and will deliver 9.45 
million tons to Japan under a 10-year con- 
tract negotiated in 1970. 


FOREIGN TRADE 


Exports of iron ore increased 6.4 per- 
cent, to about 5.5 million tons in 1970; 3.2 
million tons were destined for Japan and 2 
million tons for Canada. 

U.S. imports of iron ore in 1970 in- 
creased 10 percent compared with 1969. 
Total imports were 44.8 million tons, of 
which 23.9 million tons came from Canada 
and 13 million tons from Venezuela. Im- 
ports from Canada were nearly 5 million 
tons more than in 1969 when Canadian 
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Australia.—The Australian iron ore. in- 
dustry continued to grow rapidly in 1970. 
Production of direct-shipping ore and pel- 
lets increased to 50.3 million tons, and ex- 
ports rose to 40.1 million tons; these 
quantities represented increases of 31 per- 
cent and 53 percent, respectively, over 1969 
levels. Shipments by all producers in- 
creased in 1970, but the major increases 
came from Mt. Newman Mining Co. Pty. 
Ltd. and Hamersley Iron Pty. Ltd. Ship- 
ments by Mt. Newman rose to 11.6 million 
gross tons, more than twice the quantity 
shipped in 1969, and those from Hamers- 
ley increased to 16.7 million tons, a rise 
of 28 percent. 


mines were strikebound for part of the 
year. The principal U.S. centers for im- 
ports of iron ore continued to be Philadel- 
phia, Baltimore, Cleveland, Chicago, and 
Mobile. 

In 1970 the average value of exports was 
$12.36 per ton, imported ore was $10.68 
per ton. These values represented increases 
of about 2 percent and 8 percent, respec- 
tively, compared with 1969. 


REVIEW 


Annual production capacity of Hamers- 
ley was about 17.5 million tons of ore in 
1970, including 2 million tons of pellets. 
The company plans to expand capacity to 
37.5 million tons by 1974. This will in- 
clude increasing production at Mt. Tom 
Price and development of the Paraburdoo 
mine 45 miles away; extension of the rail- 
road to Paraburdoo, and increasing haul- 
age capacity of the present 182-mile rail 
line from 20 million to 37.5 million tons 
per year; and construction of deepwater 
port facilities at East Intercourse Island to 
handle ships of more than 150,000 d.w.t. 

5 Polta, H.J. Mesabi Range Iron Ore Trans- 


portation. Feasibility and Estimated Cost of Pipe- 
lining. BuMines Inf. Circ. 8512, 1971, 46 pp. 
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The Mt. Newman project's ore produc- 
tion capacity was also being increased to 
20 million tons per year. Ultimate capacity 
is designed to handle 35 million tons per 
year. Drilled ore reserves were estimated at 
610 million tons in 1970, with an average 
(blended) content of 64 percent iron; po- 
tential of the Mt. Whaleback deposit was 
estimated at a minimum total of 1 billion 
tons at the same grade. In 1970 the ship- 
ping channel at Port Hedland, 265 miles 
by rail from Mt. Whaleback, was deepened 
to accommodate 100,000-ton vessels at low 
tide, but vessels of 150,000 tons can appar- 
ently be handled at other times. 


Goldsworthy Mining Ltd. shipped 6.5 
million tons of ore in 1970 and planned to 
increase annual shipments to 8 million 
tons in 1973 in order to fulfill contract 
commitments. Total delivery requirements, 
including spot sales, through 1980 were re- 
ported to be 89 million tons. The com- 
pany was acquiring additional iron ore 
properties in 1970 near Shay Gap and 
Kennedy Gap, to bring its total ore re- 
serves in the Mt. Goldsworthy area to about 
115 million tons averaging 64 percent iron. 


Broken Hill Pty. Co. Ltd shipped 12.4 
million tons of ore from its two mines 
near Whyalla in South Australia and three 
mines in Western Australia. Two million 
tons of pellets were shipped, mainly to 
Japan. 

Final agreements were made in 1970 for 
developing the Robe River project in 
Western Australia. Participants in the $300 
million project include the U.S.-owned 
Cliffs Western Australian Mining Co. Pty. 
Ltd., 30 percent; Mitsui 8 Co. Ltd. of 
Japan, 30 percent; and Australian interests, 
40 percent. The Robe River deposits, lo- 
cated about 100 miles southwest of Cape 
Lambert and 120 miles northwest of Mt. 
Tom Price, contain at least 260 million 
tons of proved reserves averaging 57 per- 
cent iron. The project is designed to pro- 
duce annually 4.2 million tons of pellets 
averaging 63.5 percent iron and 6.1 million 
tons of fines averaging 57 percent iron by 
1975. Production will begin in mid-1972 
and will reach 8 million tons of pellets 
and fines by 1973. Long-term contracts for 
87 million tons of pellets and 71 million 
tons of fines have already been signed with 
Japanese buyers. The development will in- 
clude two townsites, a 104-mile railroad 
from the deposits to Cape Lambert (lo- 
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cated between Port Hedland and Damp- 
ier), and port facilities to accommodate 
150,000-ton ships. 

The total quantity of Australian iron 
ore and agglomerates covered under long- 
term Japanese contracts for 1970 through 
1979 was estimated at more than 550 mil- 
lion long tons. 

Approximate f.o.b. prices in 1970 for 
Australian ore containing 64 percent iron 
per long ton were as follows: fines, $7.17; 
lump, $10.15 to $10.25; pellets, $11.72. An 
approximate f.o.b. price of $37.97 was 
quoted for metallized products. 6 

Brazil.—Production and exports of iron 
ore in 1970 increased about 22 and 35 per- 
cent, respectively, compared with that of 
1969. Indications were that exports would 
probably exceed 50 million tons per year 
by 1975. Cia. Vale do Rio Doce (CVRD) 
was expanding production, shipment, and 
export capacities, and Mineracóes Brasi- 
leiras Reunidas S.A. (MBR) was develop- 
ing the Aguas Claras deposits for an out- 
put of 10 million tons per year by 1973. 

In addition to increasing haulage capac- 
ity of its rail system, CVRD was expanding 
port facilities at Tubarao to accommodate 
250,000-ton carriers and increasing shipload- 
ing capacity to 14,000 tons per hour. The 
company let contracts to a German consor- 
tium for construction of a concentrator for 
hematite ore near the Cavé mine in Minas 
Gerais. The plant will use high-intensity 
magnetic separators to produce 12 million 
tons per year of hematite concentrate con- 
taining about 68 percent iron. The plant is 
to be completed by 1973. CVRD’s expansion 
program is being assisted by a U.S. Export- 
Import Bank loan of $31 million and guar- 
antees for $38.5 million in other commercial 
loans. | 

MBR signed a contract in April 1970, to 
supply 105 million tons of iron ore to six 
Japanese companies over a 16-year period 
beginning in 1973. The company plans to 
produce 10 million tons of 65-percent iron 
ore per year from the Aguas Claras depos- 
its near Belo Horizonte, of which 7 million 
tons per year will be shipped to Japan. 
The project also includes development of a 
deepwater port at Guaiba Island in Sepe- 
tiba Bay, about 60 miles west of Rio de 
Janeiro. Ultimately, the port is expected to 
accommodate 250,000-ton vessels. MBR is 

6 Freeman, R.D. Minerals in the Australian 


Economy. Comm. for Econ. Devel. of Australia, 
Melbourne, January 1971, 44 pp. 
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owned 51 percent by Companhia Auxiliar 
de Empresas de Mineracáo and 49 percent 
by St. John del Rey Mining Co. Ltd. The 
Hanna Mining Co. owns 52 percent of St. 
John. x 

Canada.—After experiencing widespread 
strikes in 1969, Canadian mines produced 
at near-capacity in 1970. Shipments rose to 
an estimated 48 million tons and exports 
to 39 million tons, both record figures. 
The major producers in 1970 continued to 
be Iron Ore Co. of Canada (IOC), with 
shipments of 20.1 million tons; Quebec 
Cartier Mining Co. (QCM), with ship- 
ments of 8.87 million tons; and Pickands 
Mather, with shipments of 8.0 million 
tons including 5.4 million tons from Wa- 
bush Mines. 

In 1970, IOC announced plans to in- 
crease its annual production capacity to 33 
million tons of ore, including 16 million 
tons of pellets, 12 million tons of concen- 
trate, and up to 5 million tons of direct- 
shipping ore. The expansion, to be com- 
pleted by 1978, is expected to cost $270 
million. Principal objectives include nearly 
doubling the output capacity at Carol 
Lake to 23 million tons of concentrate per 
year, and constructing a 6-million-ton pel- 
letizing facility at Sept Iles. The pellet 
plant will be equipped with two Allis- 
Chalmers grate-kiln systems, each having 
an annual capacity of 3 million tons. Ore 
feed to the pelletizers will be hematite 
concentrate obtained by flotation of Labra- 
dor (Knob Lake) ore. IOC also completed 
a $14 million dock at Sept Iles in 1970 
which can accommodate 250,000-ton car- 
riers. 

IOC export contracts with U.S. and for- 
eign buyers through 1995 were reported to 
have a total value of more than 57 billion. 
This included a 15-year, 75-million-ton 
contract negotiated in 1970 with Japanese 
steel companies. 

QCM began construction of a 75-mile 
railroad from Lac Jeannine to Mt. Wright. 
This was the second phase of development 
for the Mt. Wright project, which is sched- 
uled to begin production in 1974-75. The 
railroad will be completed in 1972, and 
the mine and concentrator in 1974. Output 
capacity in 1975 is expected to be 16 mil- 
lion tons of concentrate per year. 

Canadian Javelin Ltd. was negotiating 
with iron ore buyers in Europe and Japan, 
relative to its plans to develop the Julian 
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and Star-O'Keefe iron ore deposits in La- 
brador. The  Star-O'Keefe property is 
owned by Dominion Jubilee Corp. in 
which Canadian Javelin has a 34.8-percent 
share. The project is estimated to cost 
around $400 million and would produce 12 
million tons of iron ore products per year. 
Concentrates produced at the mines would 
be transported by a 232-mile pipeline to a 
pelletizing facility to be built at Pointe 
Marmite, near Sept Iles. 

Exploration of iron deposits on Melville 
peninsula in the Canadian arctic was con- 
tinued by Borealis Exploration Ltd. Indi- 
cated reserves of magnetite ore in the 
western sector of the deposits were re- 
ported to be 2.6 billion tons containing 35 
to 49 percent iron, and in the eastern sec- 
tor, 1.1 billion tons containing 25 to 30 
percent iron. I 

Chile.—Production and shipments of 
iron ore in 1970 were slightly below the 
levels of 1969. A change in government 
policy late in 1970 led to acquisition of 
100 percent of Ciá. de Acero del Pacifico 
(CAP) by the state-owned Corporación de 
Fomento de la Produción (CORFO) firm, 
and government acquisition of the mines 
operated by Bethlehem Chile Iron Mines 
Co. appeared to be likely. Iron ore 
shipped by CAP and Bethlehem in 1970 
amounted to 3.3 million tons and 2.64 mil- 
lion tons, respectively, about half of total 
Chilean output. Development of the 
Chanar Boqueron deposit by CAP ap- 
peared to be delayed, but increased ore 
shipments by the company suggested that 
construction of the magnetic concentrator 
at El Algarrobo was completed in 1970. 
Bethlehem was engaged in a $25 million 
expansion program, scheduled for comple- 
tion in 1972, which included raising pro- 
duction capacity at El Romeral by 50 per- 
cent to 4.5 million tons of concentrate per 
year. 

In September 1970, the Chilean Govern- 
ment authorized an investment of $55.8 
million by Mitsubishi Metal Mining Co. 
Ltd. and Ataka & Co. Ltd. to develop the 
Santa Clara iron deposits in Átacama prov- 
ince. Production was scheduled to start by 
1973 at the rate of 2.4 million tons of con- 
centrate per year. Reserves of magnetite 
ore were estimated at 40 million tons con- 
taining 35 to 45 percent iron. 

Finland.—Two iron mines were being 
developed by Rautaruukki Oy. One, at 
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Leveáselká near Raajárvi, will begin pro- 
duction in 1971. The ore will be processed 
at Raajárvi. The other was the Rautavaara 
mine, near the Swedish border at Kolari. 
Production at Rautavaara will begin by 
1975 at the rate of 400,000 tons of concen- 
trate per year. 

India.—Production and exports of iron 
ore increased by 4 percent and 25 percent, 
respectively, compared with 1969. Domestic 
consumption was down .10 percent, to 10.2 
million long tons. The average value of 
export shipments dropped to $7.57 per 
long ton, compared with $7.78 the previous 
year. Exports of iron ore to Japan in 1970 
were 16.2 million long tons, or about 81 
percent of total exports. 

Expansion of the Kiriburu mine in Or- 
issa was continued in 1970. The mine, 
screening plant, and ore loading facilities 
were being enlarged to provide an output 
of 5.5 million tons per year by 1972, an 
increase of 65 percent over capacity in 
1970. 

Output of the Bailadila mine, largely for 
export, was scheduled to increase to 10 
million tons per year by 1976. At that 
time, from Kiriburu is planned to be di- 
verted for domestic consumption at the 
Bokaro works in Bihar. 

Concentration of iron ore from the Ku- 
dremukh deposits in Mysore was reported 
to be successful in pilot plant tests. Under 
a project submitted for the approval of 
the Government, 4 million tons of concen- 
trate averaging 66 percent iron will be 
produced annually for export to Japan, 
starting by 1975. Slurry transport will be 
used. The pelletizing will be done in 
Japan. Participants in the project include 
the National Minerals Development Corp. 
(51 percent), the Marcona Corp. (25 per- 
cent), and three Japanese firms (24 per- 
cent). 

Liberia.—Shipments of iron ore by 
Liberian American-Swedish Mining Co. 
(LAMCO) Joint Venture in 1970 were up 
nearly 10 percent, and the Grángesberg Co. 
reported prices were up 19 percent com- 
pared with the previous year. Estimates of 
1971 exports by the four producing compa- 
nies indicated essentially no change from 
the 1970 level. 

The pelletizing plant being built for the 
Bong Mining Co. was expected to begin 
production early in 1971. LAMCO’s plant 
produced 1.8 million tons of pellets in 
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1970. Both plants have nominal production 
capacities of 1.8 million tons per year. 


Development of a major new mine may 
be undertaken in the Wologisi Range of 
northwestern Liberia by 1974. Exploration 
by the Liberian, Iron and Steel Corp. 
(LISCO) indicated reserves of approxi- 
mately 1 billion tons of material contain- 
ing about 35 percent iron. As of April 
1970, proven reserves of readily minable 
ore, concentratable to 66 percent iron, 
were estimated at 375 million tons. Ore in 
some areas was considered concentratable 
to 70 percent iron. Proposed facilities for 
development included a 130-mile railroad, 
a 10-million-ton pelletizing plant, and port 
facilities capable of loading 350,000-ton 
vessels in 24 hours. To accommodate vessels 
of this size, a 2-mile pier would be con- 
structed from a shore base near Roberts- 
port to reach a water depth of 100 feet. 
Three Japanese companies were reportedly 
negotiating wih Liberian International 
American Corp. (LIAC) for a 51-percent 
equity in LISCO. LIAC owns 80 percent of 
LISCO. 

Mauritania.—Mines de Fer de Mauri- 
tanie (MIFERMA) was deepening the 
port at Point Central to accommodate 
150,000-ton ore carriers by April 1971. The 
company was also studying the feasibility 
of increasing iron ore production from the 
F’Derik (Ft. Gouraud) area to 12 million 
tons per year by 1973. Output in 1970 was 
approximately 9 million tons. 

Mexico.—Production of iron ore in- 
creased 25 percent in 1970 to an estimated 
4.3 million tons. Cia. Fundidora de Fierro y 
Acero de Monterrey S.A. began production 
of ore from its new Hercules mine in Coa- 
huila early in 1970. Shipments of ore from 
this mine were expected to be 600,000 tons 
in 1971. At Alzada, Colima, Hojalata y 
Lamina S.A. (HyLSA) began operating its 
new pellet plant on February 16, 1970. 
Shipments of pellets during the year to- 
taled 650,000 tons, most were destined for 
HyLSA sponge iron plants at Monterrey 
and Puebla. Annual production capacity of 
the Colima plant is about 1.1 million long 
tons of pellets containing 66 percent iron. 

Morocco.—A $26 million iron ore con- 
centration and pelletizing project was un- 
derway at the Vixan deposits, near Nador. 
The Vixan mines, operated by La Société 
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d’ Exploitation des Mines du Rif (SE- 
FERIF) are currently the only producers 
in Morocco. In March 1970, a contract was 
awarded to the Midrex division of Mid- 
land-Ross Corp. for installation of a shaft- 
furnace pelletizing system. Annual produc- 
tion of 840,000 tons of pellets was planned 
to start early in 1972. Contract for design 
of a 1,312-foot circular shaft to be sunk at 
the Vixan deposit was awarded to Powell 
Duffryn Technical Services of the United 
Kingdom. 

New Zealand.—Marcona Corp. contracted 
with a group of Japanese firms to deliver 
9.45 million tons of magnetic concentrate 
to Japan over a period of 10 years begin- 
ning in 1971. The concentrate will be pro- 
duced from the Waipipi beach sands on the 
west coast of North Island and transported 
as slurry by pipeline to a loading point 1.5 
miles offshore. 

Late in 1970, a similar contract was ne- 
gotiated between New Zealand Stee] Ltd. 
and a group of Japanese firms for delivery 
of 11.6 million tons of concentrate over a 
10-year period beginning in 1972. The 
beach sand concentrate will be produced 
from the Lake Taharoa area west of Ham- 
ilton on North Island. Mining and ship- 
ping methods will be similar to those used 
at Waipipi. 

Peru.—Marcona Corp. was expanding 
production capacity at San Nicolas by 
about 20 percent, to 10.5 million tons of 


concentrate per year. Pelletizing capacity - 


was being raised 700,000 tons, to 4 million 
tons per year. Shipping facilities were also 
being increased, both for dry ore products 
and for slurried concentrate that will be 
transported by the Marconaflo slurry sys- 
tem. The $25 million project was to be 
completed by 1972. 

In 1970 the Marcona Co. signed a 10- 
year, $113 million contract with the Nip- 
pon Steel Corp. for delivery of 10 million 
tons of concentrate beginning in April 
1972. The concentrates will be shipped as 
slurry and will be pelletized in Japan. 

Spain.—Increased output and efficiency 
at iron mines continued to be a major 
objective of Spain's development plan, but 
progress was difficult. The national output 
increased, but exports continued to drain a 
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large proportion of the higher grade ore. 
Consequently, imports in 1970 rose to 
more than twice the 1969 level in order to 
satisfy rising domestic demand. 

Expansion of pyrite production and 
processing in southwest Spain was expected 
to yield a byproduct of as much as 3 mil- 
lion tons of pelletized iron oxide (63 to 65 
percent iron) per year by 1975. 

Sweden.—Swedish output and exports of 
iron ore fell below 1969 levels partly be- 
cause the strike at Luossavaara-Kiiruna- 
vaara AB (LKAB) mines was not settled 
until February, and partly because of a de- 
cline in export demand during the last 
half of the year. Compared with 1969, pro- 
duction was down 4 percent to 31.3 mil- 
lion long tons and exports were down 12 
percent to 27.5 million tons. Prices were 
higher, however; the Grángesberg Co. re- 
ported an average price rise of 14 percent 
in contracts for 1970 deliveries, and LKAB 
reported an average price rise of 10 per- 
cent. 

Grángesberg's plant for production of 
cold-bonded pellets did not come on 
stream until] the fall of 1970. Production at 
the planned rate of 1.5 million tons per 
year was not expected until late 1971. 

Venezuela.—Increased iron ore output by 
Orinoco Mining Co. was responsible fcr 
a 12-percent rise in Venezuelan production 
in 1970. Shipments by Orinoco and the 
Iron Mines Co. of Venezuela totaled 
nearly 21.5 million gross tons, of which 
about 60 percent was destined for the 
United States. 

Construction of the iron ore reduction 
plant by Orinoco was again delayed by 
strikes, but completion was expected by 
1972. Capacity of the plant will be 1 mil- 
lion tons per year of briquetted concen- 
trate containing about 86 to 92 percent 
iron. 

New tax laws passed by the Government 
in late 1970 were expected to raise income 
taxes paid by the iron mining companies, 
but whether iron ore valuations would be 
raised by the Government was uncertain. 
The new law gave the Government power 
to establish theoretical prices (called Tax 
Reference Values) for iron ore, which 
would be used to determine income tax 
liability of exporting companies. 
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TECHNOLOGY 


The demand for agglomerated iron ore 
products continued to increase. U.S. output 
of agglomerates at or near the mines rose 
to 64 percent of domestic output of usable 
ore, compared with 62 percent in 1969, 
and pellets made up at least 37 percent of 
U.S. consumption of iron ore in 1970, com- 
pared with 34 percent in the previous 
year. 


The value of close sizing of ores and ag- 
glomerates in blast furnace burdens has 
been recognized for some time; however, 
considerable attention is now being paid to 
physical properties of these materials at el- 
evated temperatures and under reducing 
conditions. Compressive strength of ores 
and agglomerates as received, for example, 
often appears to have little relationship to 
compressive strength under reducing condi- 
tions. This is becoming increasingly im- 
portant in maintaining permeability in the 
large burdens now being charged. In 
Japan, the need for strong sinter and coke 
was repeatedly cited as a critical factor in 
obtaining high blast-furnace productivity.8 


Further investigations of the relationship 
between strength of self-fluxing sinter and 
the crystal size of fluxstone (limestone or 
dolomite) used to produce it, yielded di- 
rect evidence that relatively large crystal 
size prevented adequate sintering reactions 
and indicated that for strong sinter, the 
fluxstone should have a crystal size as 
small and as uniform as possible.9 Re- 
sults of a British study on the effect of sol- 
uble and unsoluble additives on properties 
of unfired pellets was published.10 Mill 
design and operating parameters for fine 
dry grinding of iron ore for pelletizing 
were discussed in another paper, which 
considered recent developments in Aus- 
tralia, Japan, and the Netherlands.11 


Developments in the field of direct re- 
duction of iron ore continued to increase. 
Armco Steel Corp. started construction of a 
plant in Houston, Tex., designed to pro- 
duce 1,000 tons per day of metallized iron 
ore or pellets for feed to electric steel fur- 
naces.12 Ore reduction will be accom- 
plished in shaft furnaces fueled by natu- 
ral gas. A Japanese company, Kubota Ltd., 
announced that it had developed a new 
technique for producing agglomerated iron 
ore containing 95 percent iron. The proc- 
ess was tested 6 months, using "refined 


iron ore containing a reducing agent." The 
firm plans to build two plants, having a 
total production capacity of about 235,000 
long tons per year, for operation in 1971.13 
Midland-Ross Corp. continued to pro- 
duce metallized iron ore pellets at its 
400,000-ton-per-year facility in Portland, 
Oreg. and was building new plants of sim- 
ilar capacity at Georgetown, S.C., and 
Hamburg, West Germany. The company 
also purchased a site near Taft, La., for an 
additional plant and was planning to 
build a fifth in Japan. 


Reduction of red and brown iron ore 
concentrates from Alabama, in fluidized- 
bed reactors using carbon monoxide and 
hydrogen reductants, indicated that reduc- 
tion was fastest when hydrogen was used 
at temperatures of 725° C or higher.14 
Bench-scale studies and pilot plant devel- 
opment of a Bureau of Mines process for 
reducing nonmagnetic iron ores with fer- 
rous scrap were also described.15 A sum- 
mary of Bureau research on production 
and smelting of partially reduced pellets, 
with an economic evaluation of iron pro- 
duction using these materials and a survey 
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of the state of the art, was also published 
during the year. 16 

In ore preparation, a four-pole magnetic 
separator, which separates ore particles 
from gangue by deflection from a free-fall- 
ing stream, was being developed for com- 
mercial use by Bethlehem Steel Corp.17 A 
radiometric device for determining silicon 
content of iron ore slurries was being mar- 
keted by Texas Nuclear Division of Nucle- 
ar-Chicago, a subsidiary of G. D. Searle & 
Co. Based on neutron activation, the de- 
vice measures silicon content of a sample 
in less than 10 minutes and expresses the 
result as percent silica by weight. For an 
iron ore slurry containing 50 percent sol- 
ids, accuracy of silica determination is 
guaranteed to be +4.0 percent relative at 
the 95-percent confidence level for silica 
concentrations greater than 4 percent by 
weight. The device was said to be operat- 
ing satisfactorily on a 24-hour basis in cer- 
tain U.S. and Canadian ore processing 
plants. 

A new pelletizing system developed by 
Arthur G. McKee & Co. was undergoing 
pilot plant tests during 1970. The system 
was designed to improve pellet quality by 
providing better control of heat distribu- 
tion and loss; it is claimed to offer savings 
in operating and capital costs compared 
with other pelletizing systems. It employs a 
circular traveling grate, water-sealed to 
prevent air leakage, enclosed in a continu- 
ous, refractory-lined shell. Several sizes of 
circular grates have been designed, with 
mean diameters of 170 feet, 200 feet, 230 
feet, and 300 feet. The first three are de- 
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signed for magnetite feed and have pellet 
production capacities of 4.5, 5.0, and 6.0 
million tons respectively, per year. The 
fourth is designed for hydrated hematite 
feed and an annual pellet production of 
4.5 million tons. 18 

Flotation experiments on hematite ores 
(42 to 47 percent Fe), using hydroxamate 
and fatty acid collectors, indicated hydroxa- 
mate may be a superior collector when 
treating finely ground red hematite ores. 
Essentially mo difference in performance 
was found when specular ore was treated.19 
The Bureau of Mines continued to test 
flotation characteristics of hematitic taco- 
nite from Marquette County, Mich., in co- 
operation with the Cleveland-Cliffs Iron 
Co. 

Laboratory tests on samples of manganif- 
erous iron-bearing materials from the Cu- 
yuna range indicated that most of the 
manganese could be extracted by selective 
chlorination without the use of a reduc- 
tant. The phosphorus content was also re- 
duced by more than 50 percent, but silica 
content was unaffected. 20 


16 Fine, M. M., N. B. Melcher, and others. Pre- 
reduced Iron Ore Pellets: Preparation, Properties, 
Utilization. BuMines Bull. 651, 1970, 63 pp. 

17 Aubrey, W. M. and R. M. Funk. The Quad- 
ruple Magnetic Separator—A New Concept in 
Magnetic Separation Equipment. Thirty-Second 
Annual Mining Symposium, Univ. of Minn., Du- 
luth, Minn. January 1971, pp. 55-59. 

18 Northern Miner. No. 9, May 21, 1970, p. 23. 

19 Fuerstenau, M. C., R. W. Harper, and J. D. 
Miller. Hydroxamate vs. Fatty Acid Flotation of 
Iron Oxide. Trans. AIME, v. 247, No. 1, March 
1970, pp. 69-73. 

2 Okahara, Y. and I. Iwasaki. Chlorination 
of Manganiferous Iron Ores. Trans. AIME, v. 
247, No. 1, March 1970, pp. 73-80. 
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Table 4.—Crude iron ore mined in the United States, by districts, States, 
and mining methods 


(Thousand long tons and exclusive of ore containing 5 percent or more manganese) 


1969 1970 
District and State — ü— __ — —ê—— 
Open Under- Total! Open Under- Total! 
pit ground pit ground 
Lake Superior: 
Meise ⅛ ͤ ce 25, 577 4,006 29,584 25, 926 3,344 29,269 
Minnesota__-... . 135,482 135,483 138,052 138 , 052 
Wisconsin 472 nus 472 272208 „ 2, 208 
r A A 161,532 4,006 165,539 166,186 3,344 169,529 
Southeastern States: Alabama, Georgia, North 
lll 2,065 1,062 3,127 W W 3,277 
Northeastern States: New York, Pennsylvania. w w 9,575 W W 9,177 
Western States: 
/ ¹·¹i¹¹ſſ a ete 188 8 18 19. aus 12 
Montana. ee 13: 2522-2 13 14 Lacs 14 
Utah. occiso dac N dao 5 T22 aces 5,722 5,611 2 5,615 
, AI oe mE ds W 4,9831 .  W ......- 4,142 
Other f EE W W 18,818 W W 20,698 
Total report able 5, 753 W 28,902 5,641 W 80,476 
Total withhelllJlCJCJl ooo. 24,510 78,215 ....... 27,425 9,865 `, 
Grand total i 193,860 13,283 207,143 199,252 13,209 212,459 


ane W Withheld to avoid disclosing individual company confidential data; included with “Total 
withheld." 

! Data may not add to totals shown because of independent rounding. 

? Includes California, Colorado, Idaho, Missouri, Nevada, New Mexico, and Texas. 


Table 5.—Crude iron ore shipped from mines in the United States, by districts, 
States, and disposition 


(Thousand long tons and exclusive of ore containing 5 percent or more manganese) 


1969 1970 
District and State Direct to To bene- Direct to To bene- 
consumers ficiation Total! consumers ficiation Total! 
plants plants 
Lake Superior: | 
Michigan occasion asas 1,972 27,592 29,565 1,512 28,426 29,938 
Minnesota. 5,461 130,695 136,157 3,892 134,275 138,167 
WISCONSIN «ee ads: Jade 332 88922 — 2,248 2,248 
Total AAA ER 7,433 158,619 166,054 5,404 164,949 170,353 
Southeastern States: Alabama, Georgia, North 
e W W W W W W 
Northeastern States: New York, Pennsylvania 9,629 9298 . 9,185 9,185 
Western States: 
II T 18 : 18 12- ĩͤ W 
Montana... gs a TI sil. 13 l4 ....... 14 
¡A EE EES E W W 2,460 W W 2,639 
Wyoming. os 8 W W 4,413 W W 4,143 
Other tota a a usus W 18,364 W W 20,152 
Total reportable...................... 31 18,364 6,904 26 20,152 6,796 
Total witbhbheld oo ooo coo. 2,233 8,205 21,928 1,967 8,342 23,679 
Grand total 22 2--2---------------- 9,697 194,817 204,515 7,397 202,628 210,013 


W Withheld to avoid disclosing individual company confidential data; included with “Total withheld.” 
1 Data may not add to totals shown because of independent rounding. 
2 Includes California, Colorado, Idaho, Missouri, Nevada, New Mexico, and Texas. 
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Table 6.—Usable iron ore produced in the United States, by districts, States, 
and varieties 


(Thousand long tons and exclusive of ore containing 5 percent or more manganese) 


1969 | 1970 
District and State ———————— o ——-nV——IIYVTn T [—-— 
Hema- Limo- Magne- Total! Hema- Limo- Magne- Total! 
tite nite tite tite nite tite 
Lake Superior: 
Michigan W. X. 2 W 13,417 W W 12,757 
Minnesota aa 21,8944 33,381 55,275 20,728 35,345 56,073 
Wisconsin 38 AN Lo osa Led 806 806 
Total report able 21,8944 33,419 68,730 20,7288 36,151 69, 636 
Southeastern States: Alabama, 
Georgia, North Carolina W 626 W 1,437 W 620 W 1,484 
Northeastern States: New York, 
Pennsylvania... ð d ĩ ĩ d 22-2- dub 3,800 3,800 ...... .....- 3,491 3,491 
Western States: 
Arena tceecs I8. asias. 522 18 12222 ĩ ͤ wees 12 
Montt 8 13 I3 O 14 14 
PP ee uL E e. W .....- W 2,071 W ...... W 2,004 
Wyoming We cus W 1,965 W .....- W 1,947 
Oh”... eIS W W 5,685 9,565 W W 5,903 10,337 
Total reportable............ 18 W 5,698 13,632 12 W 5,917 14,314 
Total withheld. .................- r 13,046 r 717 78,882 ...... 12,844 930 8,233. ...... 
Total all States. r 34,958 r 1,343 r51,299 87,599 33,584 1,550 53,792 88,925 
Byproduct ore .. EEN C77 T 835 
Grand total ii r 84,958 r 1,343 51,299 88,328 33,584 1,550 53,792 89,760 


r 5 W Withheld to avoid disclosing individual company confidential data; included with Total 
withheld.”’ 

1 Data may not add to totals shown because of independent rounding. 

2 Includes California, Colorado, Idaho, Missouri, Nevada, New Mexico, and Texas. 

3 Mostly cinder and sinter obtained from treating pyrites. Ore was treated in Colorado, Delaware, New Mex- 
ico, Pennsylvania, Tennessee, and Virginia. 


Table 7.—Usable iron ore produced in the United States, by districts, States 
and types of products 
(Thousand long tons and exclusive of ore containing 5 percent or more manganese) 
1969 1970 


District and State Direct Con- Iron Direct Con- Iron 
ship- Agglom- cen- content ship- Agglom- cen- content 
ping erates trates (natural ping erates trates (natural 


ore percent) ore percent) 
Lake Superior: 
Michigan 2,014 10,879 523 61 940 11,172 645 62 
Minnesota. 5,461 33,381 16,433 59 3,892 35,345 16,836 59 
WISCONSID EEN 38. pubs NE poe 806 ...... 63 
e an EEUU 7,475 44,298 16, 956 59 4,832 47,323 17,481 59 
Southeastern States: Alabama, 
Georgia, North Carolin W cube W 40 W ....-- 1,288 46 
Northeastern States: New York, 
Pennsylvania. W W 63 .....- W W 63 
Western States: 

Fon 8 88ͤͤ ssmmezz 59 F vasis 58 
Montana A 2x2 45 14 ua ed 45 
Uta haora a as cu sua a s 1,361 — 710 53 W 2225 W 54 
Wyoming W W W 57 WW 58 
Miert coria 613 5, 141 W 61 496 5, 540 W 61 

Total report able 2,005 5,141 710 60 522 5, 540 W 60 

Total withh eld 310 4,877 5,827 61 1,625 4,286 6,028 59 
Total all States 22 9,790 54,316 23,493 59 6,979 57,149 24,797 59 
Byproduct ore 99 ... 661 r 68 61 691 144 65 
Grand total 2____________-_ 9,790 54,977 123, 561 59 6,979 57,840 24,941 59 


trás W Withheld to avoid disclosing individual company confidential data; included with `“Total 
withheld.” 

1 Includes California, Colorado, Idaho, Missouri, Nevada, New Mexico, and Texas. 

2 Data may not add to totals shown because of independent rounding. 

3 Mostly cinder and sinter obtained from treating pyrites. 
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Table 9.—Iron ore produced in Lake Superior district, by ranges 


(Thousand long tons and exclusive after 1905 of ore containing 5 percent or more manganese) 


Mar-  Menom- Ver- Spring Black 
Year quette inee Gogebic milion Mesabi Cuyuna Valley aver Total 1 
| . a 

1854-1965.... 339,781 288,179 320,172 102,622 2,513,404 67,035 7,236 `... 3,638,429 
1966. 9, 589 4,620 113 704 51,506 1,299 TIZ a.a 68,60 
196722 10,231 3,792 49 202 48,857 1,041 58 ....- 64,229 
1968________ 10,086 9,684. AS 51,411 961 83 -.... 66,224 
1969. 10, 048 8,369... / ( ooadu DD ATO. desa Gassen 38 68,730 
jh 7 | 52s 10,363 /// heces 56;073 cle uscite 806 69,636 

Total 390,098 306,038 320,834 103,528 2,776,526 70,336 8,149 844 3,975,851 


1 Data may not add to totals shown because of independent rounding. 


Table 10.—Average analyses of total tonnage (bill-of-lading weights) of all grades 
of iron ore shipped from the U.S. Lake Superior district 


Thousand Content, percent 1 
Year long tons 
Iron Phosphorus Silica Manganese Alumina Moisture 
1966........ 69,724 56.82 0.068 7.99 0.49 0.64 6.20 
1967.......- 63,845 57.81 . 059 7.68 .47 .57 5.69 
1968........ 64,065 58.70 .051 7.85 .40 52 5.16 
1969.......- 71,389 59.02 .045 7.82 .45 69 4.82 
1970 ᷣ — 69,072 59.26 . 041 7.38 .39 72 4.64 


1 Iron on natural basis; phosphorus, silica, manganese, and alumina on dried basis. 
Source: American Iron Ore Association. 


Table 11.—Consumption of iron ore and agglomerates in the United States in 1970 
(Thousand long tons and exclusive of ore containing 5 percent or more manganese) 


Iron ore 1 Agglomerates 2 
State Miscel- Total“ 
Blast Steel Blast Steel laneous 3 
furnaces furnaces furnaces furnaces 

Alabama, Kentucky, Tennessee, Texas........ 6, 706 77 4,921 W NA 11,704 
California, Colorado, Utah..................- 5,712 32 5 2 TTO M NA 8,807 
Ohio and West Virginia... 18,680 358 5,799 W NA 24,837 
Illinois and Indiana...................------ 21,157 809 10,775 W NA 392,241 
Michigan and Minnesota. .................-- 8,089 89 2,226 W NA 10, 404 
Maryland, New York, Pennsylvania 20,896 1,181 23,877 W NA 45,954 

Daft A dexecudide -- 635 e 419 1, 
Total ³ðVU aes 81,240 2,339 50,367 635 e419 135,000 
e Estimate. NA Not available. W Withheld to avoid disclosing individual company confidential data; 


included with Undistributed.“ 
1 Includes 50,149,000 tons of pellets and nodules produced at mines. 
2 Does not include agglomerate produced at mine site. I 
3 Includes iron ore used in making paint and cement, also ore consumed in ferroalloy furnaces. 
4 Data may not add to totals shown because of independent rounding. 


Table 12.—Beneficiated iron ore shipped 
from mines in the United States 1 


(Thousand long tons and exclusive of ore containing 
5 percent or more manganese) 


Bene- Proportion of 
Year ficiated Total beneficiated to 
total (percent) 
1966 70,451 90, 041 2 
19617... s ss 66,243 82,415 80.3 
1988. 72,781 81,934 88.8 
1969 .. .. 80,157 89,854 89.2 
oo 79,779 87,176 : 


1 Excludes byproduct ore. 


Table 13.—Usable iron ore 1 consumed in 
agglomerating plants and agglomerate 
produced from this ore in 1970, by States 


(Thousand long tons) 


State Iron ore Agglomerate 
consumed ! produced 

Alabama, Kentucky, Texas 8,046 9,543 

California, Colorado, Utah.. 2,174 2,768 

Ohio and West Virginia 4,102 5,878 

Illinois, Indiana, Michigan 8,545 9,536 
New York, Maryland, 

Pennsylvania...........- 13,563 16,762 

Total. 31,430 37,982 


1 Does not include material used in agglomerate 
produced at mine site. 
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Table 14.—Production of iron ore 
agglomerates 1 in the United States, 
by types 


(Thousand long tons) 


(Thousand long tons) 
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Table 15.—Stocks of usable iron ore at 
mines 1 Dec. 31, by districts 


me Agglomerate produced District 1969 r 1970 
| 1969 r 1970 
Sinter, nodules, and cinder_ 2 44,949 341,661 Lake Superior 7,881 8,820 
Pellets__________ onus -52,196 55,444 Southeastern States 643 834 
Northeastern States 4,164 4,658 
DOUG) A 97,145 97,105 Western States 878 1,004 
e Revised. . I C 13,566 15,316 
1 Production at mines and consuming plants. 
2 Includes 21,036 thousand tons of self-fluxing 
sinter. r Revised. 
3 Includes 20,094 thousand tons of self-fluxing 1 Excluding byproduct ore. 
sinter. 
Table 16.—Average value of usable iron ore shipped from mines or beneficiating 
plants in the United States in 1970 
(Per long ton) 
Direct-shipping ore Concentrates Agglom- 
District TF. erates 
Hematite Limonite Magnetite Hematite Limonite Magnetite 
Lake Superior $6.98. A miíeccw- STAL osutan, ⁵ $12.79 
Southeas tern % O AO W $6.27 W 
ll 222522 0c exu ek ems ⁵ «:⅛ eu W 14.99 
Western W W W W W W 12.33 
Total. 6.88 W W 7.29 W e 7.40 12.84 
e Estimate. W Withheld to avoid disclosing individual company confidential data. 
Table 17.—U.S. exports of iron ore, by countries 
(Thousand long tons and thousand dollars) 
1968 1969 1970 
Destination — D 
Quantity Value Quantity Value Quantity Value 
Belgium-Luxembourg. ..............----.-- (1) $21 $38 127 $1,756 
Canada BEE 2,278 28,113 2,085 26,255 2,045 27,111 
Germany, West 53 349 62 409 34 96 
7 a 8 3,550 42,314 3,009 35, 529 3, 206 37,727 
sjorip ME MED "Eco" 8 15 1,095 
Other countries 3 38 3 79 5 113 
Total corea ³o AAA 5,884 70,835 5,160 62,310 5,492 67,898 
1 Less than Lë unit. 
Table 18.—U.S. imports for consumption of iron ore, by countries 
(Thousand long tons and thousand dollars) 
1968 1969 1970 
Country 
Quantity Value Quantity Value Quantity Value 
% ð - aa 50 r kx 
Australsss. . .. . . 1... TE 131 $1,384 315 3,556 638 $7,389 
Brazil... seran isos nop Sei 1,257 11,622 1,233 11,300 1,991 17,865 
AI A uuu ws 26,339 308,014 r18,978 * 219,347 23,919 297,065 
l.. 8 1,441 11,515 1,783 14,371 1,581 12,805 
ES boa See y su cr cece 2,942 23,389 3,144 27,227 1,873 17,216 
PND os A A EE 103 789 
/ carnosas) d y us 8 72 664 
IJ ͥ ³“i;i ³»A.A ³ĩVW. ³] ä ð -T ͤ 30 152 
NorWwāäy ee as 360 2,646 269 1,937 49 356 
)))öGͥͤͤ A IA es pee 925 9,375 1,008 10,738 1,329 13,771 
rr. ia 232 2,610 155 1,659 172 1,909 
SS A a, AA 3 354 49 444 
Venezuela acuosas als 10,313 83,153 13,751 110,745 13,026 108,493 
MEIER curas sas aes 1 45 1 243 44 462 
//. os SS 43,941 453,758 r 40,732 r 402,178 44,876 479,380 
r Revised. 


t Formerly reported as Bolivia, in 1969. 
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Table 19.—U.S. imports for consumption of iron ore, by customs districts 
(Thousand long tons and thousand dollars) 


1969 1970 
Customs district — o — U 
Quantity Value Quantity Value 

Baltimore uta a ee 9,500 $91,586 10,068 $106,069 
Fl ⁰ 8 r 2,479 r 33,444 2, 954 40, 960 
JC ſͥ ³⁰¹ü y 8 4,39 47, 542 5, 922 70, 857 
rr ³o¹w 6,620 69,126 6,846 76,125 
DOUG eege ah 1,095 16,126 1,104 16,294 
A A ee ee ee E 687 7,809 844 11,000 
Los Angeles. ca ee y y 52 401 
r A II A LE 4,171 36,805 4,787 44,712 
New Orea... 4,204 602 5,734 
Norfolk cornisas ß EE 96 941 16 188 
Ogdensburg eerste So ee se hk eee eee weeds 41 
Big Rv essa 11,070 92,470 11,419 104,084 
Fer a 00; ee SSS 6 1,632 1 Ç 
e , A O 11 
Wilmington, N. CC EE ⁵⅛ .. ⁵⁰ Vu ( 69 781 
Mr Su Q u Sms Qam ma Cuy u Sa iE 13 78 2 15 

JJ%%%%ö%Üö . EEN r 40,732 r 402,178 44,876 479,380 


Table 20.—Iron ore, iron ore concentrates, and iron ore agglomerates:1 
World production by countries 
(Thousand long tons) 


Country 2 1968 1969 1970 p 
North America: ° 
Canada “cuidada a r 42,360 35,763 47,509 
Guatemala ⁵˙”i¹ſà ͥ ͥ iS A usa M 4 e3 2 
E A a Su m AS ces r 3,152 8,440 4,288 
United states EE r 85,865 88,828 89,760 
South America: 
C a ii ͥ ͥ 0 ͤ·- E 273 295 e 300 
Il a x 2 4 
CCC ³Ü˙wm AAA ĩͤAAAͤ ĩ]ÄA mw D ns EE 24,726 » 32, 500 » 39,600 
l EEN r 11,728 11,352 11,087 
, ß . ß SS uum EE Le ar 569 346 446 
))))!!! IA AA 0kß ĩ y ð⅛ð AN 8, 873 9,123 9, 509 
CJ%/%%%%VV....ͥͥͥ LL E Ec cM d EM -m ! ... 8 
Venezuela: ni : ] ⅛ c lac mnmds k 15,934 19,404 21,800 
Europe: 
Ahl ³o¹ww¹yd S tuU ED 899 899 531 
BUSTA ut o t cp ðͤ- a e 3,427 3,919 3,934 
Belgium A d A AN eee 81 93 93 
(EE TEE 2,603 2,646 2,374 
Czechoslovakia... a ad a EE es r 1,548 1,544 1,582 
Dell.. A 8 19 31 e 30 
IJ” %]ẽſä ²⁵˙1˙w¹1i ͤm - ⁊ð ß A 8 838 870 846 
Pran e ³Ü q u A AS hw m 54,365 54,550 55,903 
Germany, ͤͤPP—PT—P] · ⅛mmy r ⅛ĩx2W si 1,392 885 e 885 
Germany; 'o'!o Qcê’Q“!O'! 'Qc!œ!Q ! '! '!“! “! ! ! ! ! H! H h!.m.m... tas 6, 345 5, 965 5,445 
(irecte ori m ß 8 JFC 
Hungary. A II !!!.!!! u e i URL D E E LEE 628 670 619 
Italy A A A A f IA 697 750 745 
EAIXOM DOUPC EE 6,292 6,211 5,632 
JJ WAP Seta 3,645 3,793 3,943 
h EE 3,002 2,777 2,513 
FP ⁵ Ü:: r 197 160 124 
FI oÜ“jmwnᷣ aa ⁰⁰m 2, 704 2,952 3,155 
SIT ursa A A A ee A E r 5,888 6,308 6,844 
A NN ſy A AAA A AA r 31,907 32,661 31,272 
LOS EE E r 173,827 183,194 191,133 
United: Kingdom. xa ts ee eua mean bt 13,715 12,104 11, 828 
lll EZ suma Sa d Rami E 2,677 2,678 3,636 
Africa: 
C7!!! ² ꝛ . A E 8 r 3,031 2,923 2,818 
// a ds da 3,167 5,391 5,995 
II z a a EEN 19,262 22,505 21,942 
LES ae cn A A eMe A eee as r 7,918 8,541 109,072 
Mere a ei a a du a uy as Lu 794 737 859 
Rhodesia, Southern e coco r 700 r 500 500 
Sierra Fame c u ld a ee o² ww hy ta r 2,457 2,337 2,259 
South Africa, Republic Of) .. r 8,551 9,081 7,605 
%%% A A IN 2,018 2,266 2,260 
PA A EE EEN 1,000 931 762 
United Arab Republic... I... dee ads 440 453 e 490 


See footnotes at end of table. 
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Table 20.—Iron ore, iron ore concentrates, and iron ore agglomerates:! 
World production by countries—Continued 


(Thousand long tons) 


Country ? 1968 1969 1970 » 
Asia: 
China, mainland MAA edi e S Sa r 87,000 739,000 43,000 
Feng ⁰yyd x 159 163 168 
111 / ⁰¹d ⁰⁰ ⁰ m y te s 27,000 29,097 30,294 
I G oh a WE ERRORES ERN ⁵Ü wm rr y A 1 
h casa REUS qq ⁵⁵¼˙—- ! RE RH r 2,138 1,824 1,558 
Korea NA a cae suu, 6,900 7,400 7,900 
Korea, Republic of____ nta use ð r 816 698 562 
ET AAA A ð .. A EE 5,085 5,151 4,420 
EAN EES ) Jeu ccc ade 
Philippines J 8 1,332 1,537 1,840 
LAIA a a a E A nea e6 
NIE, A ⁰q³u . cata RN 492 470 22 
P'iipkey IR cos Usb b A EE ER r 1,807 1,956 292,155 
Oceania 

AUSA lA OS norm on enema SELLE id r26,204 38,476 50,297 
New Caledonia... o noo 169". =: O dan 
New Zealand. |... ooo 3 16 20 16 140 

o AAA ASIA r 668,142 707,183 754,299 


e Estimate. p Preliminary. Revised. 

1 Insofar as availability of sources permits, data in this table represents the non-duplicative sum of market- 
able iron ore, iron ore concentrates and iron ore agglomerates produced by each of the listed countries. Moreover, 
concentrates and agglomerates produced from imported ores are excluded, under the assumption that the ore 
from which they are produced has been credited as marketable ore in the country where it was mined. 

2 In addition to the countries listed, Cuba and North Vietnam may produce iron ore but definitive informa- 
tion on output, if any, are not available. 

3 Includes Led ore. 

4 Calculated from reported iron content assuming a grade of 60 percent iron. 

§ Nickeliferous iron ore. 

6 Includes pelletized iron oxide produced from pyrite sinter, but excludes additional pyrite sinter not proc- 
essed to oxide. 

7 Includes pyrite sinter, not separable from available sources. 

8 Excludes iron oxide pellets produced from pyrite sinter.” 

9 50 manganiferous iron ore as follows, in thousand long tons: 1968—52, 1969—55, 1970—53. 

10 Exports. 

1! Includes byproduct magnetite as follows in thousand long tons: 1968—912, 1969 — 1, 852, 1970 —1, 936; and 
manganiferous iron ore (20 +35 percent iron, 15 +30 percent manganese) as follows in thousand long tons: 
1968—448, 1969--432, 1970—368. 

12 Year beginning March 21 of that stated. 

13 Concentrates, including concentrate derived from iron sand as follows in thousand long tons: 1968—1,096, 
1969—884, 1970—701. 

14 Less than 1% unit. 

15 Sales. 

16 Largely concentrates from magnetite-titanium sands. 
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Iron and Steel 


By F. E. Brantley * 


Although down from the record 1969 
outputs, domestic production of pig iron 
and raw steel2 in 1970 was the second 
highest for the industry. Production of pig 
iron declined by 3 percent to 92.2 million 
short tons, and raw steel production de- 
clined by 7 percent to 131.5 million tons. 
Because of the strike against General Mo- 
tors Corp. during the last half of the year, 
steel shipments to the automotive industry 
decreased. This accounted for much of the 
overall decline in production. Reduced de- 
mand resulted also from inflationary pres- 
sures and curbs on spending, especially for 
new construction. 

Steel production in the rest of the world 
continued to rise, with the increase for 
1970 over that of 1969 ot 6 percent. Japan 
again led all countries in steel growth with 
an increase of approximately 13.6 percent. 


Prices increased throughout the world 
following the 1969 trend, and reflected 


continued advances in raw material, labor, 
and transportation costs. 

Pollution control remained an item of 
major concern in the steelmaking commun- 
ities. To meet increasingly stringent en- 
forcement of regulations, the domestic steel 
industry expended over $166 million for 
water- and air-pollution control facilities 
placed in operation during 1970. 

Steel exports showed a marked increase 
over 1969, but imports declined slightly. 
Shipments of stainless and heat resistant 
products by domestic producers were off 22 
percent from 1969. This segment of the 
domestic steel industry apparently received 
the greatest impact from imports in 1970, 
and requested government assistance to 
prevent plant closures. 


1 Physical scientist, Division of Ferrous Metals. 

2 The term raw steel, as used by the American 
Iron and Steel Institute, includes ingots, steel 
castings, and continuously cast steel It corre- 
sponds to the term crude steel as used by the 
United Nations. 


Table 1.—Salient iron and steel statistics 


(Thousand short tons) 


United States: 
Pig iron: 


Fall, ⁵ð ĩðͤ 8 
Shipnments .----------20--aaaeaMMnMnMMM 
e ß A cce es 
Imports for consumption 


Steel: 1 
Production of raw steel: 


duri" aia pe e 
Index (1957-59) 10 
Total shipments of steel mill products. ...... 
Exports of major iron and steel produets 
Imports of major iron and steel products 2. 


World production: 


Pirron i x . a b root tA e tL 
Raw steel (ingots and cast ing) 


1966 1967 1968 1969 1970 
--- 91,287 86,799 88,767 95,003 92,213 
--- 90,884 86,819 89,085 95,472 92,191 
ds 12 7 9 44 310 
E 1,187 605 786 405 249 
-.. 118,732 113,190 116,269 124,832 117,411 
Pe 1,651 1,451 1,432 1,569 1,279 
--- 18,718 12,572 18,761 14,861 12,824 
--- 134,101 127,213 131,462 141,262 131,51 

138. 131.0 135.0 145.4 135. 
--- 89,995 83,897 91,856 93,877 90,798 
See 2,144 1,898 2,460 5,515 7,352 
--- 11,043 11,446 17,893 14,019 13,838 
--- 382,000 389,000 422,000 457,000 479,000 
-.. 524,000 544,000 584,000 632,000 654,000 


1 American Iron and Steel Institute. Includes ingots, continuous cast steel, and all other cast forms. 


2 Data not comparable for all years. 
3 Includes blast furnace ferroalloys. 
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PRODUCTION AND SHIPMENTS OF PIG IRON 


Pig iron production in the United States 
was 92.2 million tons in 1970, compared 
with the 95.0-million-ton output in 1969. 
Average production of pig iron per blast- 
furnace-day increased to 1,641.6 tons, com- 
pared with 1,609.0 tons in 1969 and 1,624.5 
tons in 1968, according to the American 
Iron and Steel Institute (AISI). A total of 
169 blast furnaces were in blast at the be- 
ginning of the year, including two ferroal- 
loy furnaces. The number of producing 
furnaces totaled 228, including five ferroal- 
loy furnaces. At yearend those in blast had 
decreased to 152 out of a total of 219 pro- 
ducing furnaces, including two ferroalloy 
furnaces. Four furnaces were dismantled in 
1970, and five were being rebuilt or re- 
lined at yearend. 

Shipments of pig iron approximated 
total production for the year. Stocks at 
consumer and supplier plants increased by 
21 percent to 2 million tons. 

Metalliferous Materials Consumed in 
Blast Furnaces.—For each ton of pig iron 
produced in 1970, an average of 1.663 tons 
of metalliferous materials were consumed 


in the blast furnaces. Total net iron ore 
consumed in the blast furnaces including 
agglomerates, was 145 million tons. The 
total tonnage of iron ore including man- 
ganiferous ore, consumed by agglomerating 
plants at or near the blast furnaces in 
producing 44.0 million tons of agglomer- 
ates was 35.6 million tons. The remainder 
consisted of mill scale, coke, limestone, and 
small amounts of other materials. Pellets 
charged to the blast furnaces totaled 55.9 
million tons and sinter amounted to 45.7 
million tons. 

According to the AISI, total blast fur- 
nace oxygen consumption was 13.5 billion 
cubic feet, compared with 9.1 billion in 
1969, and 6.7 billion in 1968. 

Data reported to the Bureau of Mines 
by the iron and steel industry showed that 
blast furnaces, through tuyere injection, 
consumed 44.4 billion cubic feet of natural 
gas, 2.0 billion cubic feet of coke oven gas, 
141.9 million gallons of oil, and 51.3 mil- 
lion gallons of tar, pitch, and miscella- 
neous fuel in 1970. 


PRODUCTION AND SHIPMENTS OF STEEL 


Production of raw steel during the first 
quarter of the year paralleled that of 1969. 
There was a monthly high of 11.9 million 
tons in March. Output for the remainder 
of the year dropped below that for 1969, 
reaching a low of 10 million tons in No- 
vember. 


The 1970 steel index, based on the aver- 
age production of 1957-59 as 100, was 
135.4 compared with 145.4 for 1969, and 
135.0 for 1968. Production in 1970 was 
proportioned between the basic oxygen 
proces (BOP), 48.2 percent; open-hearth 
furnace, 36.5 percent; and electric furnace, 
15.3 percent. At yearend over 50 percent of 
domestic steel was being produced in basic 
oxygen converters. 


Steel shipments declined from 93.9 mil- 
lion tons in 1969 to 90.8 million in 1970, 
with cold rolled sheets showing a drop of 
2 million tons, and pipe and tubing 1.4 
million. Tin-free steel for container use in- 
creased by 10 percent, and total exported 


steel mill products rose by 1.8 million 
tons. The latter were consigned primarily 
to the United Kingdom and the European 
Economic Communities (EEC). Shipments 
made direct to the automotive industry to- 
taled 15.9 percent compared with 19.5 per- 
cent in 1969, while those to service centers 
and distributors increased from 18.7 per- 
cent to 19.5 percent. 


Materials Used in Steelmaking.—Metallics 
charged to domestic steel furnaces in 1970 
per ton of raw steel produced averaged 
1,234 pounds of pig iron, 1,011 pounds of 
scrap, and 51 pounds of iron ore including 
agglomerates. In 1969 comparable amounts 
were 1,192 pounds of pig iron, 1,053 pounds 
of scrap, and 54 pounds of iron ore. 


According to the AISI, steelmaking fur- 
naces consumed 569,732 tons of fluorspar, 
2.6 million tons of limestone, 5.9 million 
tons of lime, and 806,693 tons of other 
fluxes. Oxygen consumption for steelmak- 
ing totaled 186.2 billion cubic feet. 
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CONSUMPTION OF PIG IRON 


Pig iron consumed in steelmaking to- 
taled 81.12 million tons. Basic oxygen con- 
verters consumed 49.14 million tons; open 
hearths, 31.53 million tons; and electric 
furnaces, 0.45 million tons. An additional 
2.18 million tons was consumed by iron 


foundries and miscellaneous users, primar- 
ily for charging cupola furnaces. Also, 6.83 
million tons in the form of molten metal 
was used in making ingot molds and direct 
castings. 


PRICES 


Prices continued to rise for iron and 
steel products in 1970. This was the result 
of increases in the cost of metallurgical- 
grade coal, fluxes, other ironmaking and 
steelmaking supplies, labor and transporta- 
tion. 

Producers of merchant pig iron an- 
nounced increases equivalent to $2.68 per 
short ton in March, and $4.90 per short 
ton in September. Steel mill advances were 
not consistent, but varied depending on 
the specific products. Shapes and plates 
were up $7 per ton in February, sheet pil- 
ing $10 per ton, and hot roll and cold 
rolled plate about $4 to $5 per ton. Silicon 
electrical sheets advanced in April $10 to 
$15 per ton. Increases in finished and semi- 


finished products amounted to about 5 
percent. 

The composite price of pig iron, accord- 
ing to Iron Age, increased from $58.13 per 
ton at the beginning of the year to $65.71 
per ton at yearend, and the composite 
price of finished steel rose from the equiv- 
alent of $145.04 to $156.26 per ton. Foreign 
steel price increases were universal in the 
world market. Although they were made 
on a selective basis, a general average ap- 
peared to be about 4 to 5 percent. An- 
nouncements were made of higher prices 
to begin in 1971. Price reductions were 
noted for various nickel-bearing steels. The 
prices had been raised abnormally during 
the world nickel shortage in 1969. 


FOREIGN TRADE 


Voluntary agreements by major steel 
producers of the European Common Mar- 
ket countries and Japan to limit steel ship- 
ments to the United States remained in ef- 
fect during 1970. However, an increase in 
specialty steel imports resulted in requests 
by the domestic specialty steelmakers for 
an improvement of the voluntary agree- 
ments to include specialty steel quotas and 
that other countries shipping these steels 
to the United States be covered by the vol- 
untary plan. 


By Presidential request, the U.S. Tariff 
Commission conducted hearings in October 
to determine the impact of all imports on 
domestic industries. Sharp increases in im- 
ports of stainless and tool steels and high- 
alloy specialty products were cited by 
spokesmen for the U.S. producers, who in- 


dicated that many domestic facilities for 
making these would be forced to close un- 
less relief was obtained. Although the vol- 
untary agreements called for specific limits 
to quantities of stee] that would be ex- 
ported to the United States yearly through 
1971, no limitations were imposed on 
specific products. 


Exports of total steel products were 7.5 
million tons in 1970, 5.6 million in 1969, 
and 2.5 million in 1968. Imports of total 
steel products in 1970 decreased to 14 mil- 
lion tons from 14.6 million in 1969, and 
18.5 million in 1968. 

Exports of iron products totaled 527,500 
tons in 1970, 236,900 in 1969, and 185,300 
in 1968. Imports of iron products, largely 
pig iron, decreased to 327,400 tons in 1970 
from 495,000 in 1969, and 859,100 in 1968. 
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WORLD REVIEW 


Argentina.—The Government-owned steel 
producer, Sociedad Mixta Siderúrgia Argen- 
tina (SOMISA), began its second phase of 
an expansion program to allow production 
of 2.5 million tons of steel in 1972. The 
program, involving expenditures of $300 
million, included a 4,500-ton-per-day blast 
furnace, to be supplied by a British firm; 
an Oxygen converter and a continuous cast- 
ing plant, to be built by West German 
groups; and other plant units will be furn- 
ished by Belgian and Japanese groups. Iron 
and steel production has not kept pace with 
domestic demands. With an announced 
goal of an 8-percent rate of growth for the 
Argentine economy, additional domestic 
steel capacity has a high priority. 

Australia.—The plan of the consortium 
headed by Armco Steel Corp. to establish a 
large steel complex in Australia was still 
under consideration. Other members of the 
proposed combine were Kaiser Steel Corp. 
and August Thyssen-Hútte A.G. (ATH) of 
West Germany. The proposed plant would 
have a capacity of 4 million tons annually, 
and initially would produce semifinished 
steel for export. 


Broken Hill Pty. Co., Ltd. operated 11 
blast furnaces to produce approximately 
5.8 million tons of iron. These furnaces 
operated at four locations. The plants at 
New Castle and Port Kembla each had 
four. Expansion at Port Kembla progressed 
during the year, and by 1972 capacity is 
expected to reach 5.5 million tons. New 
equipment will include a 36-foot-diameter 
blast furnace, and a BOP shop with two 
200-ton-capacity converters. Also, tinplate 
capacity will be expanded twofold to pro- 
vide about 500,000 tons to meet domestic 
demands into the 1980's. 


A fifth location, on Westernport Bay, 
Victoria, is expected to begin production 
of cold-rolled strip and galvanized products 
by 1973. Remaining sections are to be in- 
stalled later with Broken Hill's plants ini- 
tially supplying the slabs and billets neces- 
sary for the operation, estimated to cost 
$92 million. Overall costs for the complex 
when completed will be about $1 billion. 


Australia's domestic demand for raw 
steel has risen from a per capita consump- 
tion of 530 pounds in 1950 to approxi- 
mately double that in 1970. 

Belgium.—A merger was approved by 


the stockholders of two major Belgium 
steel companies, Cockerill-Ougrée-Provi- 
dence and Metallurgique d'Espérance- 
Longdoz. Total steel production of the two 
companies has been about 6.5 million tons 
annually. The new group, designated as 
Cockerill, will be the fifth largest in the 
EEC. 

The country’s second largest steel group, 
Sté Métallurgique Hainaut-Sambre S.A., 
added blast furnace capacity and put two 
new basic oxygen converters into service at 
its Couillet plant. 

Belgium’s steel production declined 
about 2 percent from 1969, following sharp 
increases of 11 percent in 1969, and 19 
percent in 1968. The decrease was attrib- 
uted to domestic coal mine strikes early in 
the year, and declining demand later in 
the year. Investment in new steel projects 
and plant modernization for 1970 amounted 
to $134 million. BOP steel increased from 
45 percent of the total in 1969 to 53 percent 
in 1970, owing to continued decrease in the 
Thomas method and increase in the basic 
oxygen capacity. 

Brazil.—Steel production increased by 9 
percent over 1969, and expansion plans 
were made to keep pace with expected fu- 
ture requirements. A Government program 
called for an expenditure of $800 million 
to raise capacity from 3.2 million long 
tons to 6.9 million by 1976, at the three 
largest Government-controlled steel mills, 
Cia. Siderúrgica Nacional (CSN), Cia. Sid- 
erúrgica Paulista (COSIPA), and Usinas 
Siderúrgicas de Minas Gerais (USIMI- 
NAS). About one-half of the cost was ex- 
pected to be financed by world lending 
agencies. 

The private sector also planned expan- 
sions and projected new mills for the fu- 
ture, with West German, Japanese, and 
U.S. interests mentioned as participants. 
One steelworks was to be designed by the 
German firm Schloemann A.G., Diisseldorf, 
and would be located near Rio de Janeiro. 
The first stage included electric furnaces 
and a rolling mill capacity of 220,000 tons 
per year. This would be raised in subse- 
quent stages to 1 million tons. 

Swindell-Dressler Co. of the United 
States signed a major contract to supply a 
600-ton-per-day HyL direct-reduction plant 
for Usina Siderurgica da Bahía S.A. 
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(USIBA). The process would be under li- 
cense from Hojalata y Lámina S.A. of 
Mexico. The output would provide feed to 
the electric furnaces of a $50 million inte- 
grated steclworks under construction near 
Salvador, Bahia. 

Canada.—The Steel Company of Canada, 
Ltd. (STELCO), continued a $102 million 
expansion program at its Hilton works in 
Hamilton. Three basic oxygen converters 
and a $50-million bloom and billet mill 
were included in this program. 

The Algoma Steel Corp. Ltd. had a new 
blast furnace and a basic oxygen shop 
nearing completion at Sault Ste. Marie, 
and Dominion Foundries & Steel Ltd. was 
proceeding with a new blast furnace and 
mill facilities. Sydney Steel Corp. had a 
modernization program underway that in- 
cluded a basic oxygen shop and vacuum 
degassing facilities. 

Finland.—In April, the Lake Ontario 
Stee] Co. of Canada submitted a formal re- 
quest to the Minister of Trade and Indus- 
try to establish a small local steel mill 
with an output of about 150,000 tons an- 
nually. 

Outokumpu Oy completed a feasibility 
study on construction of Finland' first 
stainless steel plant, which was reported as 
favorable. The size of the plant would 
depend on sales prospects to be developed, 
but press reports indicated a possible $100 
million investment. 

Rautaruukki Oy continued expansion 
work and expected to have its cold-rolling 
plant and galvanizing plant at Hamce- 
linna completed before 1972. Armco Steel 
was to train key personnel in the United 
States for this plant, under an agreement 
concluded during the year. The possibility 
of Rautaruukki Oy constructing a pipe 
mill at Raahe was under consideration. 

France.—Plans proceeded for construc- 
tion of the Fos-sur-Mer steel complex to 
be built by Solmer, a subsidiary of the 
Lorraine steel group Sollac (Wendel-Side- 
lor), near Marseilles, with an overall in- 
vestment figure of about $1.2 billion. The 
plant, planned to begin production in 
1973, would produce 7.5 million tons an- 
nually after a few years. The Port of Fos 
would be designed to handle up to 
300,000-ton ore vessels, Three giant blast 
furnaces were to be erected with engineer- 
ing done by a Japanese group. 

The Dunkirk complex of Union Sidérur- 
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gique du Nord de la France (Usinor) , sec- 
ond of the principal French steel 
expansion projects, was scheduled to in- 
crease its crude steel capacity by 1975, to 
9,000,000 tons. The two plants would sup- 
ply a large percentage of the country’s 
proposed 30,000,000-ton steel output by 
1975. These projects and other. smaller 
plant expansions would help reduce de- 
pendency on French steel imports, espe- 
cially coils and sheet steel, and place the 
French steel industry in a better overall 
position to meet foreign competition. 

A prospective merger of Péchiney, Eu- 
rope’s largest aluminum producer, and 
Ugine Kuhlmann, Europe’s major specialty 
steel producer, was announced during the 
year. This combine would create France's 
largest single industry. 


India.—No increases were reported in 
stecl capacity by India’s three largest steel 
producers, and output of raw steel was ap- 
proximately 6 percent less than in 1969. 
The steel industry has been producing at 
about 65 to 70-percent capacity, with 
strikes and lockouts contributing to the 
low production rate. A goal of a 10-per- 
cent increase in production was set by the 
Minister of Steel. The Government banned 
further exports of certain types of steel be- 
cause shortages continued and black mar- 
ket conditions developed in mid-1970. Im- 
ports for the fiscal year 1969-70 amounted 
to 459,000 tons of iron and steel, and 1.9 
million tons were exported. Imports from 
the United States doubled to 67,000 tons, 
essentially all of which was financed by 
the U.S. Agency for International Develop- 
ment (AID). 


The Bokaro plant was scheduled to start 
production in 1973, but difficulties experi- 
enced left the date uncertain. Initial 
planned production of 1.7 million tons was 
to be followed by a second phase of con- 


struction to reach 2.5 million tons by 
1973-74. 
An announcement was made of site 


selection for three new plants, all in the 
public sector. One is to be located at Kan- 
jamalai near Salem in “Tamil Nadu. It 
would produce alloy and special steels. 
Hospet, in Mysore, would be the site of a 
second plant and Vizagapatnam, in An- 
dhra, the third site. These two were 
planned with a 2-million-ton capacity for 
each. All three plants would have separate 
corporate structures, with the respective 
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state governments possibly given equity 
shares. 

Italy.—Steel expansion had a high prior- 
ity in government investment plans, and 
crude steel capacity is expected to increase 
from an estimated 21 million tons in 1970 
to more than 27 million by 1975. 

At the Taranto plant of the Govern- 
ment-controlled Finsider group, a new 
blast furnace similar to one that added 
1.5-million-ton-per-year pig iron capacity 
in 1969, was under construction. A loan of 
$55 million was approved by the Export- 
Import Bank to be used principally in 
financing 50 percent of this plant's expan- 
sion. The loan was made to Instituto Mob- 
iliare Italiano (IMI), an Italian credit 
agency of Rome. Italsider S.p.A. of Genoa 
operates the "Taranto complex and three 
additional integrated steel production facil- 
ities. The Taranto plant plans include two 
additional blast furnaces to be completed 
by 1976, and a basic oxygen shop by 1972. 
The total expansion would raise steel ca- 
pacity at Taranto to 11,350 tons. 

The Inter-Ministerial Committee for 
Economic Planning (CIPE) decided to 
spend about $1.6 billion to construct Ita- 
lys fifth steel center in the province of 
Reggio Calabria. This would be built in 
the period 1971-75. 

Japan.—The upward trend of Japan's 
steel production continued through 1970, 
with the year's output totaling 102.9 mil- 
lion tons, an increase of 13.5 percent over 
that of 1969. Although this was less than 
the previous year, reflecting the worldwide 
economic slowdown, a high growth rate is 
expected to continue. Output in 1975 
would reach 130 to 150 million tons if 
plans continue as scheduled. Actual capacity 
may total 130 million tons before the end 
of 1971. New plant construction in fiscal 
1971 was set at $2.8 billion. 

Three additional giant blast furnaces 
were completed in 1970 as follows: Nippon 
Steel Corp.’s 2,548-cubic-meter furnace at 
Hirohata, Kobe Steel Works, Ltd. 2,840-cu- 
bic-meter furnace at Kakogawa, and the 
3,667-cubic-meter furnace of Kawasaki Steel 
Corp. at Mizushima. Four additional blast 
furnaces in the 3,000- to 4,000-cubic-meter 
range are scheduled for completion in 
1971. | 

With the United States export market 
stabilized by mutual consent, Japan sought 
additional export steel outlets. It was suc- 
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cessful in increasing exports compared 
with 1969 as follows: East Europe, 145 per- 
cent; mainland China, 24.8 percent; and 
Africa, 47 percent. Sales also were in- 
creased to the U.S.S.R., Romania, and Yu- 
goslavia. 

Japanese per capita consumption ad- 
vanced and approached that of the United 
States. Shipbuilding was at maximum 
capacity in a pronounced seller’s market. A 
total of 29 shipyards were in full operation 
and two others were under construction. 

Japan’s capital steel investments were es- 
timated at $2.3 billion for 1970, compared 
with $1.9 billion in 1969. The steel indus- 
try employs about 460,000 workers, or 6.4 
percent of the nation’s total industrial 
workers. 

Capital investment by the Japanese steel 
industry in Spain was announced. One 
joint venture would produce stainless steel, 
and another would involve new steel facili- 
ties in Greece. 

Korea, Republic of.—Construction of 
various installations at the integrated iron 
and steel complex of Pohang Iron and 
Steel Co. Ltd. at Pohang, proceeded on 
schedule. Harbor facilities to serve the 
complex were about 70 percent complete. 

Initial pig iron capacity of the plant 
(approximately 1 million tons) was ex- 
pected to meet 60 percent of the country’s 
requirements by the startup date of 1973. 
Japanese and Austrian financing is in- 
volved, and Korean technicians are to be 
given training in Japan for technical oper- 
ation duties as the plant units start up. 

Mexico.—Hojalata y Lámina S.A. oper- 
ated its new plant near Puebla, which rep- 
resented an $80 million investment. Altos 
Hornos and Fundidora, the other leading 
steel producers, had expansion programs 
underway to meet the country's rising steel 
demand. A blast furnace and basic oxygen 
plant was included in Altos Hornos' Mon- 
clova expansion. 

Work proceeded in preparing for a new 
steel plant on the Pacific coast. It will be 
an integrated facility to be operated by 
Siderúrgica Las Truchas, S.A. Mexico's 
steel demand for the next 10 years has 
been estimated by the National Chamber 
of Iron and Steel to rise to 9 million tons; 
that is, to increase at an average rate of 
about 9 percent per year. A record 
monthly production rate of 388,500 tons 
was reached in October. A Presidential de- 


IRON AND STEEL 


cree published July 2, set as a minimum 
51 percent Mexican capital that must be 
invested in all new iron and steel indus- 
tries in Mexico. Aluminum and several 
other commodities were included in the 
same decree. 

South Africa, Republic of.—Recent plans 
by the South African Iron and Steel In- 
dustrial Corp. Ltd. (ISCOR), called for a 
minimum expenditure of $1.8 billion over 
a 9-year period to increase production of 
steel to 8 million short tons by 1980. The 
Vanderbijlpark works of the company is 
presently raising capacity by adding two 
135-ton electric furnaces, and a fourth 
blast furnace has been contracted for. The 
Pretoria works was being modernized, and 
plans for the New Castle works called for 
construction to start in 1971 with produc- 
tion in 1973. The African Metals Corp. 
Ltd. (AMCOR) works at New Castle, 
taken over previously, would form a part 
of the New Castle works as a producer of 
pig iron. 

The Southern Cross Steel Co. (Pty.) 
Ltd. was expected to increase output of 
staimless steel from 3,500 to 4,500 tons per 
month with installation of a new electric 
arc furnace. The Southern Africa Stainless 
Steel Development Association reported do- 
mestic consumption of stainless steel to be 
rising at a rate of 25 percent per year, 
which justified the expansion. 


Spain.—Two Japanese steel firms, Nis- 
sho-Iwai Co., Ltd., and Nisshin Steel Co., 
Ltd., combined with the Spanish Banco Es- 
panol de Credito to form the Compania 
Espanola para la Fabricacion de Acero 
Inoxidable (ACERINOX) to construct 
Spain's first stainless steel plant, Initial 
output would be at a rate of 2,750 tons 
per month in 1972, and increase to 11,000 
tons per month by 1977. 

Plans for the new steel complex at Sa- 
gunto were progressing. The Instituto Na- 
cional de Industria (INI) completed a de- 
tailed study, which included a timetable 
and financing arrangements. An opening 
date was set for 1978 with a 5-million-ton 
estimated capacity. Both Japan and France 
have indicated interest in cooperating with 
the Government in construction and financ- 
ing of the complex. 

A current expansion program calls for a 
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10-million-ton output in 1973. An estimate 
of crude steel requirements in 1980 totaled 
18 million tons. 


United Kingdom.—Ashmores (Davy-Ash- 
more group) concluded an agreement with 
Nippon Steel of Japan to utilize Nippon’s 
design information and know-how to build 
large high-output blast furnaces of the 
type now operating in Japan. Ashmore's 
contracts of major significance were to 
build a furnace larger than any in the 
United Kingdom at the Llanwern works 
near Newport for the British Steel Corpora- 
tion (BSC), and another to be erected at 
the Vanderbijlpark works of ISCOR im 
South Africa. The company is also instal- 
ling the largest argon oxygen-decarburizing 
furnace in the world for the BSC. This 
furnace is for the production of stainless 
steel and is based on the Linde develop- 
ment. It is expected to be followed by 
other installations. 


The BSC ceased open-hearth steelmaking 
in the latter part of the year in favor of 
basic oxygen converters at its Port Talbot 
plant. For the period up to 1975, the cor- 
poration plans to spend between $360 mil- 
lion and $420 million each year for im- 
provement of production facilities and 
expansion, Improvements initiated at Scun- 
thorpe total $312 million, and include 
three 300-ton converters. As part of cost 
reduction plans, unit trains will operate to 
move imported ore from a deep-water ter- 
minal at Immingham to the Scunthorpe 
works 23 miles away. 


U.S.S.R.—The Soviet Minister for Iron 
and Steel indicated that the steel industry 
was producing as projected during 1970. 
The crude steel production target was re- 
vised downward to 117 million tons for 
the final year of the 1966-70, 5-year plan. 
Original plans called for 124 million tons 
in 1970. Construction of new facilities con- 
tinued, and the new 5-year plan beginning 
in 1971 is to maintain the rapid rate of 
growth. 


A new steel plant was underway at Bir- 
juss, in East Siberia. Several large blast 
furnaces were in various phases of comple- 
tion at other sites, and various steelmaking 
facilities were being constructed. More 
electric furnaces were said to be needed, to 
replace cupolas. 
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TECHNOLOGY 


Blast Furnace.—The production of pig 
iron in an experimental blast furnace 
without use of coke was accomplished by 
Rheinstahl Hüttenwerke A. G., West Ger- 
many. The furnace used as a fuel “hot-bri- 
quettes.” These consisted of a 70-30 mix- 
ture of degasified coal fines and coking 
coal, and were formed at about 500°C, but 
not coked. 


Ratios of coke consumed to pig iron re- 
moved from blast furnaces in 1969, 
amounted to 0.504 for japan, 0.685 for 
France, 0.656 for the United Kingdom, 
0.577 for West Germany, and 0.626 for the 
United States. These ratios have decreased 
each year for the past decade and can be 
expected to continue as injection tech- 
niques and substitute fuels are improved. 
Japan reported economic pig iron produc- 
tion in a 4,000-ton-per-day furnace oper- 
ated with a coke to pig iron ratio of 0.393; 
heavy oil supplied the additional fuel re- 
quirements. Laboratory blast furnace 
operation had a lower coke ratio of 0.360. 
Present target for the Japanese furnace op- 
erators is for a ratio of less than 0.400. 


Japanese steel companies at the end of 
1970 had the world's seven largest blast 
furnaces. A productivity record of 2.74 tons 
per day per cubic meter of furnace volume 
was made at Nippon Kokan's Fukuyama 
works, and the Nagoya works of Nippon 
Steel established a record of 10,095 tons 
produced by its No. 3 blast furnace in 1 
day. A brief discussion of Japan's larger 
-blast furnaces and the steel industry's fu- 
ture plans was published. 

ATH, operators of Europe's largest blast 
furnace at Ruhrort, West Germany, was 
using a combination of manual and auto- 
matic inputs in a computer control system 
to obtain maximum efficiency. An increase 
in production from 100,000 tons per month 
to 150,000 tons per month was expected to 
be obtained. 


Bethlehem Steel Corp.'s second large fur- 
nace was under construction at Burns Har- 
bor, near Chicago. The hearth diameter is 
to exceed the 35-foot diameter of the first, 
which started operation in 1970. United 
States Steel Corp. was reported to have 
plans for a blast furnace at its Gary, Ind., 
location that would rank among the larg- 
est now in operation. 


Basic Oxygen Process.—In 1970, 48.2 
percent of the domestic steel was produced 
by the BOP compared with 42.7 percent in 
1969. Open-hearth furnaces were retired or 
placed on standby as the oxygen converters 
went on line. Open-hearth production 
dropped from 43.1 percent in 1969 to 36.5 
percent in 1970. 

Companies building converter shops or 
those in the process of installation during 
the year included National Steel Corp., 
Youngstown Sheet and Tube Co., Republic 
Steel Corp., and Inland Steel Co. 

The Steel Company of Canada Ltd. was 
installing three 120-ton converters at its 
Hilton works. In Canada, Algoma Steel 
was planning for two larger converters at 
Sault Ste. Marie. 

Altos Hornos of Mexico scheduled a 
third converter in its expansion plans for 
1971. The BSC followed installation of two 
300-ton converters at Port Talbot with 
plans for additional units of this size to be 
located at the Scunthorpe works. 

Japan remained the leading basic oxygen 
steelmaking country, with installed and 
planned capacity of over 90 million tons. 
The practice of Japanese steelmakers in 
preheating scrap before charging into the 
basic oxygen converter in order to decrease 
pig iron requirements has been followed 
by a few companies in the United States. 
Scrap increases of 6 to 12 percent over the 
normal scrap additions allowable have 
been reported. 

Electric Furnaces.—The electric furnace 
continued to be used more in the produc- 
tion of steel with 15.3 percent of the do- 
mestic total, compared with 14.3 percent in 
1969. Opportunities for small steelworks, 
commonly known as mini-mills, have in- 
creased because of improved transformers, 
refractories, electrodes, and overall efficiency 
of the electric operation and better pollu- 
tion control. 

Electric furnaces that range from 20 to 
400 tons are in use. Some of the major 
steelworks are beginning to depend on the 
larger furnaces for an increasing part of 
their capacity. These can be equipped with 
highly advanced control equipment giving 
constant tap-to-tap intervals essential for 
continuous casting. 


3 Masubuchi, K. *Japan's Mammoth Blast Fur- 
nace. Iron Age, v. 206, No. 24, Dec. 10, 1970, 
pp. 85-89. 
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The Ford Motor Co. contracted for what 
was reported to be the largest number of 
electric furnaces to be installed in a single 
location; 11 electric-arc furnaces at the 
Flat Rock, Michigan, casting plant. These 
were to be used for both melting and 
holding of the liquid steel in the casting 
operations. 

Use of the electric furnace for smelting 
iron ore to produce hot metal or pig iron 
was described in a Canadian publication. 
Increasing the world iron capacity by use 
of this method does not appear to be gain- 
ing in favor. 

Direct Reduction.—Pig iron production 
by the direct-reduction method received a 
setback in the United States as McWane 
Cast Iron Pipe Co.'s plant on the Gulf 
Coast, using the D-LM process, was sold 
to the Air Reduction Co. (Airco). The 
plant was to be converted to the produc- 
tion of ferroalloys by Airco's Alloys and 
Carbide Division. 

Steel via the direct reduction route, using 
metallized iron ore products, gained head- 
way as Armco Steel announced that a facil- 
ity to produce 1,000 tons of iron product 
per day for direct charge into electric-arc 
furnaces would be constructed at Houston, 
Tex. This would supplement present blast 
furnace production at the company's Hous- 
ton works. Electric furnace steelmaking by 
the Oregon Steel Mills in Portland using a 
90 to 95 percent metallized pellet product 
from the adjacent plant of Midland-Ross 
Corp. was started. A second steelmaking 
plant designed to use the Midland-Ross 
metallized product was near the operating 
stage in Georgetown, S.C. Another facility 
was being constructed at Hamburg, West 
Germany. A third metallized pellet plant 
was to be built in Japan. The latter would 
have three Japanese firms, Mitsui & Co., 
Ltd., Daido Steel Co., Ltd., and Chugai-Ro 
Kogyo Kaisha as joint venture signers with 
Midland-Ross. 

The Brazilian firm, USIBA contracted 
for a steel plant using the HyL process to 
furnish sponge iron to electric-arc steel- 
making furnaces. Swindell-Dressler would 
build the plant, which is scheduled to 
start at a production rate of one-half mil- 
lion tons and reach 2 million tons by 1975. 
Products would consist of bars, rods, wire, 
and structural shapes. 

Iron and Steel Refining.—A process for 
desulfurization of large volumes of molten 
pig iron was developed and placed in op- 
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eration by the Japanese firm, Nippon 
Kokan, at the company’s Keihin works. 
The process provides for interface mixing 
only by means of surface stirring, and de- 
pends on the filling of the transfer ladle 
to give adequate mixing action over the 
entire hot metal volume. A stabilized de- 
sulfurization rate of over 90 percent is 
obtained.5 

The Airco Vacuum Metals Division of 
AIRCO placed its combined refining proc- 
ess, Electron-Beam Continuous Hearth Re- 
fining, in commercial production to pro- 
duce high-performance alloy steels. One 
nickel-free product containing 26 percent 
chromium was described as unchallenged 
by the chromium-nickel austenitic stainless 
steels for many uses. s 

Refining vithout formation of the 
brown fumes normally associated with oxy- 
gen injection was accomplished by the 
injection of powdered iron oxide into mol- 
ten steel by a carrier gas. The process was 
announced by a British group, Steel Cast- 
ings Research and Trade Association. The 
injection of other metal oxides to combine 
alloying and refining was another novel 
feature of the process. Control of the car- 
bon boil was said to be possible. Also, 
injection of powdered lime and fluorspar 
along with the metal oxide allowed low- 
phosphorus steel to be produced. 

Continuous Casting.—Continuous casting 
in the United States gained additional 
units with startups or construction re- 
ported during the year at 12 sites. New in- 
stallations also were underway in several 
European locations. 

Although less spectacular than the blast 
furnace growth, the rapid increase in con- 
tinuous casting in Japan has resulted in 30 
installations in operation at yearend, in- 
cluding five completed in 1970. 

A report on United States Steel Corp.'s 
caster at Gary, Ind., and an evaluation of 
various aspects of the company's develop- 
ment was given in a speech by the 
chairman.? 


4 Loe, L. T. Aspects of Smelting Pig Iron in 
Electric Reduction Furnaces. Canadian Min. Met. 
Bull., v. 63, No. 700, August 1970, pp. 911-919. 
š Japan Iron and Steel Monthly. New Pig Iron 
Desulphurization Process Developed by NKK. No. 
191, December 1970, p. 14. 

6 Knoth, Roy J. Electron Beams, Ultra Vacuum 
Score Pluses for Steelmaking. Chem. Eng., v. 77, 
No. 14, June 29, 1970, pp. 46-48. 

7 Gott, Edwin H. The Economic Importance of 
Continuous Casting of Steel Slabs. Iron and Steel 
Review (India)—12th Anniversary Number, 1969, 
pp. 17-30. 


602 


A continuous casting facility for produc- 
ing gray iron was discussed from the 
standpoint of cost, metallurgy, and tensile 
strength.8 

Powder Metallurgy.—A new method of 
producing steel, based on compacting steel 
powder under high temperature and pres- 
sure, was undergoing pilot plant tests in 
Sweden. Developed jointly by the Swedish 
firms Allmanna Svenska Elektriska Aktie- 
bolaget (ASEA) and Stora Kopparbergs 
Bergslags AB, commercial production was 
to start in 1971.9 

Kobe Steel Ltd. offered new atomized 
powder products for sale under technical 
agreement with A. O. Smith-Inland, Inc. 
These included pure iron powder, and 
both low- and high-alloy steel powders. 
Uses were expected to be mainly in manu- 
facturing automobile parts. 


Discussions at the International Powder 
Metallurgy Conference in New York indi- 
cated that technological advances would 
rapidly expand iron powder market possi- 
bilities. For example, the use of powder in 
roll compaction and in isostatic pressing 
would allow steel alloys of any composition 
to be blended and formed to customer 
specifications. 


High-speed steel production, using iso- 
Static processing methods, was announced 
by Colt Industries, Inc., Crucible Specialty 
Steels Division, which scheduled an an- 
nual production rate of 600 tons. The pow- 
der method was said to give tool steels 
that outperform those made by conven- 
tional methods; the ingots have maximum 
density and are devoid of carbide separa- 
tions. 


Consumable electroslag melting was the 
basis of a new process by the Arcos Corp. 
for producing tool steel ingots from 
powder.10 The Tin Research Institute an- 
nounced results that showed sintering of 
iron powder compacts could be improved 
by prior addition of tin powder. 


Foundry.—Studies by the Gray and Duc- 
tile Iron Founders’ Society indicated gray 
iron foundries to number about 1,500, 
compared with 3,000 20 years ago. About 
400 more will probably close in the next 5 
years. This is in spite of the tonnage in- 
crease, from 10 million tons in 1960 to 
about 16 million tons in 1969, which has 
been largely in captive foundries.11 The 


relative high cost of installing equipment 


in the smaller installations to meet air 
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pollution requirements is one factor in the 
decline. 


A new pattern of operation for ductile 
and gray iron foundries was forecast with 
an arrangement whereby a large shredded 
scrap processor leased ground and installed 
facilities at a foundry to supply processed 
scrap directly to the foundry for iron pro- 
duction. The special-grade shredded prod- 
uct is said to be ideal for furnace melting, 
free flowing but with sufficient density to 
cut melting time. 


A resumé of nodulizing processes in 
worldwide use for making ductile iron was 
presented.12 


The last maker of wrought iron in the 
United States, A. M. Byers Co. perma- 
nently closed its wrought iron manufactur- 
ing facilities in Pennsylvania the first of 
the year.13 Operating losses over the last 4 
years were attributed to increasing compe- 
tition from other materials. The company 
used the Aston process for making 
wrought iron and also operated one of the 
last surviving Bessemer converters. 


Research.—Research by the Bureau of 
Mines continued on improving continuous 
steelmaking by electric furnace methods. 
Studies to recover values from steelmaking 
dusts, and to improve metal produced 
from ferrous scrap were underway during 
1970. Published reports by the Bureau in- 
cluded a cost study 14 of disposing of steel 
slag, estimated at 21 percent of steel ingot 
production for a mill in the Pittsburgh 
area. Another report 15 deals with the ef- 
fects of variables in basic oxygen steelmak- 
ing. Progress in steelmaking technology 
and improvements made in the quality of 


finished steel products was covered in a 


8 Krall, H.A., and B. R. Douglas. Continuous 
Casting of Gray Iron. Foundry, v. 98, No. 11, 
November 1970, pp. 50-53. 

9 Metallurgia. High Speed Steel Produced by 
Powder Metallurgy Technique. V. 82, No. 489, 
July 1970, pp. 11-13. 

10 Metal Bulletin. Powder's Promising Future. 
No. 5518, July 24, 1970, pp. 31, 33. 

11 Industry Week. Foundry Failures Worry 
Users of Iron Castings. V. 167, No. 17, Oct. 26, 
1970, pp. 14-16. 

12Modl, Erich K. Comparing Processes for 
Making Ductile Iron. Foundry, v. 98, No. 7, July 
1970. pp. 43-48. 

13 Business Week. Wrought Iron on Scrap 
Heap. No. 2105, Jan. 3, 1970, p. 18. 

1 Baker, E. C. Estimated Costs of Steel Slag 
Disposal. BuMines Inf. Cir. 8440, 1970, 18 pp. 

15 Spironello, V. R., H. A. Tucker, and W. C. 
Hill. An Evaluation of Variables in Basic Oxygen 
Steelmaking. BuMines Rept. of Inv. 7345, 1970, 


35 pp. 
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publication by the United Nations.16 An- 
other presentation covered problems con- 
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steelmaking processes, as well as cost as- 
pects are included.17 


cerned with pollution in the steel industry. 
Sections dealing with technological im- 
provements in the various iron and 


16 United Nations, Economic Commission for 
Europe. Development of Production Technology 
and New Properties of Steel Products, New York, 
1970. 49 pp. 

17 United Nations, Economic Commission for 
Europe. Problems of Air and Water Pollution 
Arising in the Iron and Steel Industry, New 
York, 1970, 86 pp. 


Table 2.—Pig iron produced and shipped 
in the United States, in 1970, by States 


(Thousand short tons and thousand dollars) 


Shipped from Table 3.—Foreign iron ore and 


State Bi MEBRCES manganiferous iron ore consumed in 
duction Quan- Value manufacturing pig iron in the 
tity United States, by source of ore 
Alabama 5 4, 654 4,709 $300,544 (Thousand short tons) | 
in ois 7,38 7,384 470,339 
Indiana 13,348 13,293 874,673 Source 1969! 19702 
ORTO ito cias 16,331 16,353 1,120,028 1 A A A ee A O 
Pennsylvania 20,793 20,774 1,332,856 Brazil 477 751 
California, Colorado, rr a 1,487 1,756 
WR eere 5,150 5,098 336,888 Chile 1,155 1,080 
Kentucky, Maryland, A ⁵ 8 9 198 
Texas, West Vir- Venezuela... ------------------ 4,882 5,012 
ginia.___ 11,451 11,426 717,533 Other countries —x— 3,272 1,673 
Michigan, Minnesota. 7,550 7,569 472,635 
New York... 5,548 5,585 365,760 Totales uictor. eee 11,282 10,470 
Total 92,213 92,191 5,991,256 1 Excludes 22,455 tons used in making agglomerates. 


2 Excludes 20,600 tons used in making agglomerates. 


Table 4.—Pig iron shipped from blast furnaces in the United States, by grades 1 
(Thousand short tons and thousand dollars) 


1969 1970 
Grade Value Value 
Quantity Quantity 

Total Average Total Average 

per ton per ton 
Foundry EE EE 2,380 $135,888 $57.10 1,780 $110,281 $61.96 
RRE eebe 89,580 5,237,698 58.47 87,010 5,663,791 65.09 
A AN 1,228 72,075 58.69 1,346 88,772 65.95 
Low-phosphorus. o ooo. 147 8,885 60.44 130 8,717 67.05 
Malle able 1,730 100,536 58.11 1,548 95,763 61.86 
All other (not ferroalloys)... ..........- 407 23,677 58.17 377 23,932 63.48 
!( sap ee ae 95,472 5,578,759 58.43 92,191 5,991,256 64.99 


! Includes pig iron transferred directly to steel furnaces at same site. 


Table 5.—Number of blast furnaces (including ferroalloy blast furnaces) 
in the United States, by States 


Jan. 1, 1970 Jan. 1, 1971 


State In Out of Total In Out of Total 

blast blast blast blast 
III;; ĩ ĩ˙.. ]7]!ö:ñ᷑]?ię ß RR EE 12 7 19 11 8 19 
0 sS . 8 4. uut 4 4 aaa 4 
%%hhͥͥ e EE a o. 4 ^ CP 4 
Rigs 5 14 4 18 13 6 19 
Idi... lt T De 21 4 25 21 4 25 
Kentuely clou ß ue EE 2 1 3 2? ue 2 
ETA IA NA y yd A IA 8 2 10 8 2 10 
Michigan EE ⁰ y ela e ru Qu uu 9 9 __-- 9 
A 1 1 2 1 1 2 
New o AA AA 12 3 15 9 6 15 
EE 31 15 46 27 17 44 
Pennsylvania... e ti 41 15 56 33 22 55 
PFI... ð A IN AN — 3 5 TEE Sela! 
dio CU RR AAA EE yyy y P RN SE P 2 Lasa 2 2 2 
1 ate ala rici a UA hydysg kx kx y asus 2 1 3 5 MEVS 8 
West Virginia 4 uin 4 3 1 4 
ei BEER 167 56 223 150 67 217 

Ferroalloy blast furnaces. o o ocio coco 2 3 5 ie. 
Grand total. S SS coco oo S ooo 169 59 228 152 67 219 


Source: American Iron and Steel Institute. 
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Table 7.—Steel production in the United States, by type of furnace 1 
(Thousand short tons) 


Open hearth Basic 
Year Bessemer oxygen Electric Total 
Basic Acid process 
A A 84,804 221 278 33,928 14,870 134,101 
IJ ( 70, 550 140 (2) 41,434 15,089 127,213 
1968 E ee 65,836 (2) (2) 48,812 16,814 131,462 
Ke DEE 60,894 „ 60, 236 20, 132 141,262 
ht WEE 48,022 i MEN 63,330 20,162 131,514 


1 Excludes castings produced in foundries not covered by AISI. 


2 Included with basic open hearth. 
Source: American Iron and Steel Institute. 


Table 8.—Metalliferous materials consumed in steel furnaces in the United States 
(Thousand short tons) 


Iron ore Agglomerates Pig Ferro- Iron 
Year —— iron alloys! and steel 

Domestic Foreign Domestic Foreign scrap 
% goi u AE AA 1,348 3,768 870 348 83,947 1,915 68,778 
/// ars 954 2,905 600 378 80,404 1,818 65,027 
«ö; A A 958 2,514 684 337 79,948 1,676 67,281 
KEE 710 2,121 487 512 84,187 1,775 74,343 
JJ Du es 502 1,889 465 476 81,118 1,641 66,451 


1 Includes ferromanganese, spiegeleisen, silicomanganese, manganese metal, ferrosilicon, ferrochromium 


alloys, and ferromolybdenum. 


Table 9.—Consumption of pig iron 1 
in the United States, by types of furnace 


1970 
Type of furnace — M 
or equipment Thousand Percent 


short tons of total 


Open bearth 31,529 37.9 
Basic oxygen converter 49,136 59.0 
Electro... i u ¿u S. 453 .5 
apo 8 2, 076 2. 5 
A 0 C 94 1 
AAA AA HE, 232% 
EA cu eus 83,298 100.0 


! Excludes molten pig iron used for ingot molds 
and direct castings. 

? Includes vacuum melting furnaces and miscel- 
laneous melting processes. 


Table 10.—Average value of pig iron at 
blast furnaces in the United States, 
by States 


(Per short ton) 


State 1970 
VERNON estas eet -. $63.82 
California, Colorado, Utabh -------------- 64.71 
nro AAA 63.69 
Eet cai cle 65.80 
N Nr Aere 65.49 
AE A A EE u NN 68.49 
Pennsylvania... 64.16 
Other States ooo... 62.65 
Averagenekk 64.99 


1 Includes Kentucky, Maryland, Michigan, Minne- 


sota, Texas, and West Virginia. 


Table 11.—Consumption of pig iron 1 
in the United States, by States 


(Thousand short tons) 


State 1970 

Alabama z LS L di 4,026 
Gifte. 88 2, 334 
Connecticut. e 21 
Deilawaflg. Ü ůAAͥ ] ]³ꝛ AAA E (2 
Georg... eU m 8 11 
ee e EEN 7,868 
A u: T. 13,400 
IOWH-- te SU EE 
Kansas. EE 
(C taa (3) 

CR VE (2) 
Massachusetts 21 
Meld iaa ss e M 7,470 
Minnesota 47 
rn; e a 21 
Montana gs ee GE ge (2) 
Nebraska. cocineros as eee (2) 
Nevada coraza 8 (2) 
New Jersey) 52 
New or %⅛ e aja 4,998 
IAS EEN 15,071 
OTERO at o . dades 
Pennsylvania___..............-.-----.-- 21,366 
Rhode Island..................--.-.-.-- 10 
Tennessee 132 
J ³ðVWm ˙mù’ 95 
Fer 5 
Wisconsin 155 
Undistribute(t coo o 13,065 

Total t di A o E ie 90,126 


1 Includes molten pig iron used for ingot molds and 
direct castings. 

2 Less than 1⁄ unit. 

3 Includes Colorado, Florida, Kentucky, Maryland, 
New Hampshire, North Carolina, Oklahoma, South 
Carolina, Utah, Virginia, and Washington. 
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Table 12.—U.S. exports of major iron and steel products 


1969 1970 
Products Short Value Short Value 
tons (thou- tons (thou- 
sands) sands) 
SEMIMAN UFACTURED 
Ingots and other primary forms: | 
Puddled bars and pilings, blocks, lump and other 
primary forms of iron or steel, n. e. 8,643 $1,015 11,425 $1,721 
Blooms, billets, ingots, slabs, sheet bars and roughly 
eh ³ 1,810,490 142,767 3,177,922 270,368 
Coils for rerolling.......... E PIER Oe a 21,531 61,911 340,630 49,908 
Blanks for tubes and pipes, iron or steel 12,159 1,400 2,175 280 
A A 8 2,252,823 207,093 3,532,152 322,272 
Bars, rods, angles, shapes and sections 
TE A E r 98,245 r 16,348 163,520 20,147 
Bars, rods, and hollow-drill steel 215,674 51,797 216,362 48,415 
Concrete reinforcing bare 86,762 11,592 80,077 11,194 
Angles, shapes and sections__........-..-.--.-.---. 170,424 29,261 212,402 37,552 
Plates and sheets: 
Seele.. 25, 441 12, 603 27,111 14,021 
Steel sheets 2.6.6.0 ti a 1,040,381 146,923 1,268,402 190,100 
Black plate ono my 8 49,723 6,78 ,718 7,579 
Iron and steel plates, n. e.· eee 403,715 66,152 292,631 57,469 
Tinplate and p. 3332 NS RN 339,606 52,264 341,275 61,844 
Tinplate circles, cobbles, strip and scroll 26,080 2,577 23,910 2,628 
Hoop and str. 8 100,595 38,160 376,050 73,297 
Totals dt AA m;; m Sua tas r 2,556,646 7434,466 3,052,458 524,246 
MANUFACTURES 
Rails and railway track material ................... 73,136 12,995 81,829 15,867 
SI A E y 85,227 37,518 72,868 38,479 
Cast-iron pressure pipe, soil pipe and fittings............. 32,419 9,340 33,571 11,863 
Steel tube and pipe fittings, union and flanges............ 29,985 46,105 44,541 64,942 
Malleable iron tube and pipe fittings, nee 2,087 2,290 1,560 ,857 
Electrical conduit fittings of iron or steel 12,317 7,965 10,453 7,971 
Iron tube and pipe fittings, PJ ͥ¹ÜeͥiA ²⅛m: 7,191 10,562 7,929 10,402 
Seamless tubes and pile 251,996 99,235 243 , 822 100,291 
Welded, clinched or riveted tubes and pipe 73,767 28,992 93,335 43, 552 
Castings and forgings._...---.------------------------ 137,454 67,824 177,232 86,471 
P/ a ³ðL 8 705,579 322,826 767,140 381,695 
Grand total a cuc uuu ⁵ r 5,515,048 r 964,385 7,351,750 1,228,213 
r Revised. 
Table 13.—U.S. imports for consumption of pig iron, by countries 
1968 1969 1970 
Country Short Value Short Value Short Value 
tons (thou- tons (thou- tons (thou- 
sands) sands) sands) 
AUS lA ⁵²˙ê6ũ-i ⁵ ˙ ⸗⁵¼] . a da ERD Accesses 674 SOL: ¿usss l sss 
BAZ e eeu niat cL 33,240 ) eet eee? es 
... ade i AL LE 416,383 18,043 295,076 14,449 249,129 $18,720 
Finlandia id 8 77,762 2,658 69,843 %%% 
Germany, West 107, 704 3,961 736,484 171,436 112 9 
Netherland 330 0000 Geos ⁰⁰ A anxia 
N ael ³ AAA 61,616 2,037 2,811 IOT A • asus 
¡AE A A EN iL 21,221 (al, A A 8 
Sweden- AA A 41,219 |. 2527 vio . era 
United Kingdom... .....................-.-- 26,424 CT EE 8 
q BEE 785,899 30,481 r404,888 718,445 249,241 18,729 
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Table 14.—U.S. imports for consumption of major iron and steel products 


1969 1970 
Products Short Value Short Value 
tons (thou- tons (thou- 
sands) sands) 
Iron poc 
ast iron pipes, tubes and fittings. -------------- 34,395 $9,451 28,181 $9,763 
Bars of wrought iron -------------------------- 617 153 428 123 
o A ors ͥ ³ĩ˙ed ³ mm E t 35,012 9,604 28,609 9,886 
Iron and steel products: 
Ingots, blooms, billets, slabs and sheet bars 195,176 37,514 170,647 29,917 
Bars of steel: 
Concrete reinforcing bars 470,807 40,563 202,699 21,200 
Other bats: ON 903,756 119,510 727,741 117,152 
Plates and sheets: 
Black pee 11,657 1,684 6,928 3,585 
Steel plates. oci su oe eee ise 1,202,168 121,105 1,391,046 492,433 
Steel sheets 3,943,628 423,318 4,290,683 554,913 
Plates, sheets and strip of iron or steel 960,183 139,714 1,046,042 167,690 
Strip of iron or steel 96,167 32,921 92,335 37,935 
Hollow drill steel 5,412 2,036 4,212 1,687 
Wire rods of steel. F 1. 260, 890 129,803 1,055,570 127,099 
Sheet piling ee 65,957 6,854 52,335 6,189 
Pipes, tubes and fitting 1,691,384 265,431 1,966,917 340,054 
Angles, shapes and sections 1,992,410 206,875 1,644,560 207,919 
Tinplate and terneplate. ............. 2... oo 300,664 51,339 327,725 59,066 
Rails and railway track material 44,141 4,043 39,878 4,312 
VV EU MERERETUR NOCHE UTOR 822,162 167,602 777,070 185,241 
Castings and forgings. ------------------------ 17,242 7,859 12,728 6,101 
Total AAA IA A A 13,983,804 1,758,171 13,809,116 2,362,493 


—— PP PP e ——Ó—————————————ÁM——————————— Y 


Grand total... l. ul... . uu u. L et eee 14,018,816 E 1,767,775 13,837,725 2,372,379 
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Table 15.—Pig iron and blast furnace ferroalloys: 
(Thousand short tons) 
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World production, by countries 


Country ! 1967 1968 1969 1970 p 
North America: 
C ⁰˙·¹¹⁰ũʃꝛʃ a a ——M— € 7,108 * 8,550 7,665 9,296 
Mexico? ci a r 1,813 2,228 2,378 2,575 
United sed a la 86,799 88,767 95,003 92,213 
South America: 
entia tos ts 22: a 657 633 643 898 
E RE a ie Seas lala a e Oe 8 3,383 3,714 4,297 4,632 
JJ))õõĩ˙m A A A Dee et ĩðͤ E 549 487 535 503 
Seh SA 228 218 227 e 260 
C E AA A IA sa usss: 34 122 194 e 90 
Venezuela: conca ³ a aia 465 r 677 573 562 
Europe: 
Austria a RO TR Es sunsu reas 2,359 2,727 8,104 8,267 
Belgium n tuaku A r 9,813 r11,432 12,468 11,955 
l A 1,135 1,195 1,209 1,825 
CrechoslovaKla: ß ß 7,520 77,629 7,726 8,320 
(NK MA . E RAE temo wes r 127 r 205 228 237 
FF A A A 1,174 1,218 1,357 1,847 
BOB EE E r 17,322 18,133 20,075 21,188 
Germany, East ... 22 ee eee , 783 , 572 ,313 2,200 
ermany, West ee 30,166 33,406 37,218 87,067 
jw pP. p ß eee wees cues e 300 e 300 320 331 
Hungary Ss ae Late A A AN 1,835 1,818 1,982 2,015 
Italy EE 8,060 8,644 8,593 9,209 
Luxembourg.__._..... ts ds ia 4,365 4,749 5,370 5,307 
Netherlands. loo ees ee es i 2,853 3,110 3,815 8,962 
as A AN 702 743 754 747 
Poland A A A ĩð e mm, ACA 6,974 7,225 7,423 7,699 
( A E A y E A 321 317 881 347 
Romania EE 8 2,708 3,314 3,843 4,642 
pain ol cee woke eek EE mene Su sS E 2,9 3,0 3,674 4,590 
Sweden EE A xy he a Q aa r 2,771 72,919 2,949 8,079 
Switzerland A A Dau ubus EE 26 24 28 81 
DS I A ˙' iã:0 . E Pu NM 8 82,466 86,849 89,986 94, 688 
United Kingdomꝶꝶg sss 16,971 18,404 18.357 19,480 
DAR AA mn. 8 1.297 1,324 „821 „405 
Africa: 
A ² e . 11 11 66 77 
Rhodesia, Southern ein... 220 r 290 300 810 
South Africa, Republic of 2222 2 22-2 2 LLL .. .-..-- 4,177 4,546 4,801 4,795 
Tunislá A . K 108 141 144 e 140 
Se United Arab Republic er 220 e 220 466 e 500 
ia: 
China, mainland eig o ꝛ᷑ 15,400 20,900 22,000 24,300 
India A pate ores lane IA A A A 7,618 7,8 ,114 , 754 
E A AAA A E 40 40 40 4 
/// a as as 44,197 51,144 64,096 75,010 
Korea, North e 1vz᷑ h „„ 1. 930 2,200 2,500 2,600 
Korea, Republic of 1h r 36 r 25 57 67 
Malaysia è A 20 70 70 70 
A O A A A 95 r 86 88 67 
Thailand 0 | lul e lcu re o 7 19 12 12 
(undi co a a 934 1,003 1,045 1,140 
Oceania: 
EE de s >s 5,671 6,214 6,819 56,777 
New Zealand (all sponge iron)... ͤ,zvdzzzddb ------- ------- NA 25 
% aa is z r 388,721 r421,508 456,577 479,161 
e Estimate. P Preliminary. r Revised. NA Not available. 


1 In addition to the countries listed, North Vietnam and a few other countries presumably have facilities to 
produce pig iron, but available information is inadequate to make reliable estimates of output. 


2 Includes electric furnace ferroalloy output. 


3 Includes sponge iron output as follows in thousand short tons: Mexico: 1967-359; 1968-412; 1969-444; 


1970-679; Sweden: 1967-168; 1968-167; 1969-196; 1970-204. 


4 Series revised to exclude all ferroalloy production, for which see table 16. 


5 Excludes all ferroalloys. 
6 Series revised to exclude electric furnace ferroalloys. 


z Series revised to include blast furnace ferroalloys, and, in the case of Finland, pig iron output by some 


producers not included previously. 


s Series may include electric furnace ferroalloys as well as pig. iron and blast furnace ferroalloys. 


? Series revised to conform with data reported by the Polish 
Commission for Europe. 
19 Includes electric furnace ferroalloys if any are produced. 


overnment to the United Nations” Economic 
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Table 16.—Electric furnace ferroalloys: World production, by countries 1 
(Thousand short tons) 


Country 2 1967 1968 1969 1970» 
North America: United States? . 2222 eee 2,750 2,621 2,629 2,595 
South America: 
Argentina. ii e a a 20 27 27 e 27 
Brazil EE 65 74 81 e 85 
NE AAA A m. ß mt 11 11 13 e 15 
Europe 
POT-LA a T. VEER 6 6 7 6 
UA A EE EE e 31 31 41 55 
eee yd ⁰⁰¶⁰ꝗp ee ine 107 111 107 115 
Ill! sais Lees 29 36 
France ˙⁰ð’˙ Z AAAAſſ ͥ⁰ zz y y 289 301 341 374 
Germany: West: -o nece vus ecce y as ie LE 177 230 277 297 
SE IA .... ß y oe 15 10 15 11 
/WWWWPVhmdfßſfſfßꝗ5ꝓ5ͤäſdſdßf my ³ . 8 168 168 168 193 
Norway A Aou lone ⁰ ³ AAA ð yd 8 605 726 778 562 
e E AO ieee AN sss 119 115 126 131 
e m ñr³rðᷣ ß ß ̃̃ vd A IN: 89 107 105 » 120 
y ꝰO Rh ⁰ D ³oÜõ— mms 8 230 255 272 257 
iI ³·d́ũßdͥddſdſdſßſſfãſſũͥ d x 2 7 7 e 10 
aui oiu ————————— 87 94 99 112 
ia: 
ig sup IA u mu E ð ß ⁵ DUE Ra 167 186 221 236 
Japan A ⅛ð³³A. A y mts IAEA 1,042 1,175 1,430 1,835 
Türkey A lc Sau mts Cu EA uuu s atas 9 9 10 10 
Total AAA tu E E M rn UE m Eat L S iays 5,989 6,273 6,778 7,082 


e Estimate. » Preliminary. 

1 Excludes some countries as indicated by footnote 2, and includes blast furnace ferroalloys for five countries 
as indicated by footnote 3. 

2 In addition to the countries listed, Canada, Mexico and the Republic of South Africa also produce electric 
furnace ferroalloys, but output is reported in sources as an inseparable part of a total ferroalloy production 
figure together with blast furnace ferroalloys and is included in table 15 with pig iron and blast furnace ferro- 
alloys. East Germany, Romania, the U.S.S.R. and the United Kingdom also produce electric furnace ferroalloys, 
but data on output are not available and sources do not clearly indicate if output is simply unreported or if it is 
included with blast furnace ferroalloys in table 15. Electric furnace ferroalloy production, if any, from Australia 
Israel, North Korea, Republic of Korea (South Korea), Malaysia, Southern Rhodesia, Taiwan, and Thailan 
is included with pig iron and blast furnace ferroalloy production in table 15. 

3 Total ferroalloy production, including blast furnace ferroalloys. 
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Table 17.—Raw steel:1 World production, by countries 


(Thousand short tons) 


Country 1968 1969 1970 p 
North America: 

e o oa 11,251 10,307 12,346 
erp m ca eee es 55 60 60 
MEXICO E 3,621 3,825 4,238 
United t. 131,462 141,262 131,514 

South America: 
ATQONUINS d ada r 1,711 1,871 2,012 
Brazil osas dd p 4,909 5,429 5,917 
II...... y 628 713 603 
; ⁰ 282 290 e 330 
PFC des r 117 212 e 90 
UrTUgUAY TEE 10 15 e 20 
h ³AAAſſ ³⁰ ³ↄ³ A ⁰²² mr r 948 905 1,017 

Europe: 

16ö ⁵ñĩð ii A E ie 3,822 4,328 4,496 
Belgium e ts r 12,752 14,145 13,897 
Iove — ——————————————— 2 r 1,614 1,670 1,984 
Crechoslovalua8 , 11,635 11,907 12,655 

AM elit wie ce ea ec eee A eam r 504 531 521 
Finland —— cc da a r 804 1,067 1,289 
FF. is is r 22,497 24,814 26,205 
Germany, East- osos retos uu, 22 S suu. au 5,175 5,318 e 5,540 
Germany, m—— . 45, 370 49, 952 49, 649 

J7ö?Äm!!!!!!!!!]!)!]]])!!!.!.!.!.!.!!.!!!. E 240 496 480 
HUNSary ³⁰A e ese 8 3,200 3,342 3,428 
Treland cola eege r 75 89 e 90 
Ill!!! ³ A Mad r 18, 700 18,109 19,045 
Lempels A 5, 329 6, 086 6,021 
Nene. dais 4,086 5,204 5,558 
ENEE Ee r 895 936 959 
NOT WEE 12,133 12,446 12,998 
Portugal: conca rolas 34 440 424 
Romania. 42225025095 9 att tes 5,237 6,107 7,184 
SPAM. ra x r 5,428 6,619 8,144 
"ile hh y ⁰⁰ydsd ⁰⁰ 5, 616 5, 866 6,058 
SS / bee ³¹ ·=xk mr ⁰ʒ a LL A 49 551 578 

E ð . % PPM SE r 117,437 121,616 127,868 
United ins,... epoca r 28,965 29,593 31,213 
Vugosla via JJ ĩð2d ³ðVAy ⁵⁵T 8 2,201 2,447 2,456 

Africa: 
ES EE 31 20 e 20 
Rhodesia; Sutrtheen‚,.,n‚,„ tenida 150 r 160 180 
South Africa, Republic of____........---------------.--------- r 4,749 5,323 e 5,620 
e ß ß D LL E r 88 110 e 110 
United Arab Republic... eff. ege r 209 e 540 e 550 

Asia: 
Burma 95. ccc o . kr: E EE 20 20 20 
China, mainland’ c 0 16,500 17,600 18,700 
i.. ³ r 7, 108 7,122 „722 
J//ö%Ü5 ⁵ ſꝑ ¼¼½ ¼¼ ee eee ——E— r 110 r 130 130 
Japan... ]i Üꝑꝗꝗ¾ ́ ̃ ↄ :. d 6 r 73,737 90,572 102,870 
Korea; North ß ete soe ta o asa 1,930 r 2,200 ,400 
Korea; e ⁰ ue ets 410 412 530 
Lebanon. cios a a ls 20 20 20 
Malaysia 83. 2 naa a ao ee r 65 r 65 65 
Pakistan EE 110 110 110 
Philippines "TERRE ERIT 95 95 95 

/ ci ete eiu cc E sss eee cde eee 267 299 324 
di AAA A yy mm IA A 6 10 7 
Türkey A / ]˙Ü¹ſ d x k E 1. 222 1,290 1,446 
Vietnam, f!!! 8 8 8 

Oceania: 
Australia... he et p ee Eu E 7,167 7,735 7,520 
New Zealand €... T u s o 75 75 75 
7!Cõõĩ]ĩÜ¹⅛? ͤͤ ͥͥͥͥͥ A. ] d ͤ-0 ; ee EM ME r 583, 630 632, 484 654, 409 
e Estimate. » Preliminary. r Revised. 


1 Steel formed in first solid state after melting suitable for further processing or sale. 


2 Data from American Iron and Steel Institute (AISI). Excludes steel produced by foundries not reporting 
output to AISI but reported to Bureau of Census as follows (in thousand tons): 1968-1,557; 1969-1, 906; 
1970-1,723. 

3 Excludes castings. 


Iron and Steel Scrap 


By Harold J. Polta? 


Domestic consumption of iron and steel 
scrap in 1970 declined in line with the 
general decline in U.S. business conditions, 
but record exports partially offset the de- 
crease in domestic consumption. Although 
scrap processors continued expansion of fa- 
cilities for shredding and fragmentizing 
junked automobiles and other obsolescent 
scrap, there was evidence that additional 
innovations would be required to further 
increase recycling of materials. Presidential, 
Congressional, and public concern about 
the quality of our environment and the 
need for conserving natural resources re- 
sulted in several legislative acts pertinent 
to the ferrous scrap industry. As a result, 
both industry and Government continued 
studying ways to increase reclamation and 
consumption of iron and steel scrap. 


Table 1.—Salient iron and steel scrap, 
and pig iron statistics in the United States 
(Thousand short tons and thousand dollars) 


1969 1970 


Stocks Dec. 31: 
Scrap at consumer 
Pants 6, 552 7,668 
Pig iron at consumer and 


supplier plants........ 1,723 2,082 
Total. uoc 8,275 9,750 
Consumption: 
ue D cant 94,816 85,559 
Pig iron 94,635 90,126 
Exports: ! 
Scrap (excludes rerolling 
material)... es 9,036 10,113 
Ee $291,856 $431,905 
Imports for consumption: 
Scrap (includes tinplate 
and terneplate scrap)... 335 301 
alue _ $13,488 $11,200 


1 1965-1969 included ships, boats, and other ves- 
sels for breaking up for scrap. 


Legislation and Government Programs. 
—The Mining and Minerals Policy Act of 
1970 gave the Secretary of the Interior the 
responsibility, among other things, to fos- 
ter and encourage private enterprise in 
(1) the development of sound and stable 
metal reclamation industries, (2) the or- 


derly reclamation of metals, and (3) re- 
search on the use and recycling of scrap. 

The National Environmental Policy Act 
of 1969, signed by the President January 1, 
1970, established a national policy on the 
environment, created the Council on Envi- 
ronmental Quality in the Executive Office 
of the President, and placed new responsi- 
bilities on Federal Agencies by directing 
them to take into consideration environ- 
mental factors in decision making. The 
first annual report of the newly created 
Council was transmitted to Congress in 
August. It included several items pertinent 
to the iron and steel scrap industry: (1) 
an average of 9 million cars are retired 
each year; (2) 2.5 million to 4.5 million 
cars are abandoned each year; (3) al- 
though the President recommended a 
bounty system (on old automobiles to the 
processor, wrecker, or owner) the Council 
concluded a bounty system is not practical; 
(4) the Council recommended firm penal- 
ties against abandonment and improve- 
ment of State title and transfer laws to 
put abandoned autos more promptly in the 
scrapping cycle. 

The Resource Recovery Act of 1970 di- 
rects the Secretary (of Health, Education 
and Welfare; and of the Interior) to carry 
out an investigation and study to deter- 
mine recommended incentives for accelerat- 
ing recycling of solid wastes; the effect of 
existing public policies such as subsidies 
and tax incentives on recycling; and the 
necessity and method of imposing disposal 
charges on packaging containers, vehicles, 
and other goods. Several state and local 
governments passed laws which were di- 
rected toward accelerating recycling, and 
many more had such legislation under 
consideration. 

The Environmental Protection Agency 


1 Mining engineer, Division of Ferrous Metals. 
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was established in line with a reorganiza- 
tion plan sent to the Congress by the Presi- 
dent on July 9, 1970. Of particular interest 
to ferrous scrap consumers, are items per- 
taining to redirecting research on solid 
waste management to place greater empha- 
sis on recycling and reuse of materials. 

The Export Administration Act of De- 
cember, 1969, allows the Department of 
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Commerce to stop exports to prevent an 
excessive drain of scarce materials so as to 
avoid serious inflationary impact from ab- 
normal foreign demand. Although the De- 
partment of Commerce requires licensing 
of stainless and other nickel-containing 
scrap exporters, it had imposed no quotas 
or embargoes on ferrous scrap in recent 
years. 


AVAILABLE SUPPLY 


The 86.7 million tons of iron and steel 
scrap reported available for consumption 
at consumers’ plants in 1970 consisted of 
52.5 million tons of home, and 34.1 mil- 


lion tons purchased scrap (net receipts). 
Home scrap production was down 7 per- 
cent from that in 1969, and scrap pur- 
chased was down 8 percent. 


CONSUMPTION 


Consumers reported consumption of 85.6 
million tons of iron and steel scrap in 
1970. This was 10 percent less than in 


1969. Consumption statistics are given in 
tables 2 through 9. 


STOCKS 


Consumers’ stocks reported on hand De- 
cember 31, 1969 were 7.7 million tons, up 


17 percent from the year before. 


PRICES 


Iron and steel scrap prices, which started 
to rise rapidly early in 1969, continued up- 
ward in the first months of 1970 and then 
generally declined the rest of the year. 
The American Metal Market composite 
price of No. 1 heavy melting scrap, which 
rose from $26 to over $36 per ton in 1969, 
went to $46 in February 1970. Thereafter, 
prices generally declined, No. 1 heavy 


melting scrap reaching a low of $35 per 
ton in December. However, at yearend 
price increases had No. 1 heavy melting at 
$38 per ton. 


Scrap prices generally followed demands 
for export. Demands for export were high 
in the early months of 1970, then generally 
decreased the rest of the year. 


FOREIGN TRADE 


Exports of iron and steel scrap (exclud- 
ing rerolling material) in 1970 reached a 
record 10.1 millon tons. This was an in- 
crease of 13.3 percent over 1969 exports. 
Principal destination of U.S. scrap was 
Japan which received 5.2 million tons or 
51.5 percent of the total exported. Next 
largest importers of U.S. scrap were Spain 
(11.5 percent), and Mexico (8.1 percent) . 
Monthly exports were well above those of 
the comparable months in 1969 from Janu- 
ary through July but, thereafter, were gen- 


erally either below or only slightly above 
those in the comparable 1969 months. 
Largest indicated export tonnage in- 
creases were in the shredded and No. 2 
bundle classes. Exports of No. 2 bundles 
increased 343,000 tons (33 percent) over 
those of 1969. No similar direct compari- 
son of 1970 shredded exports can be made 
with those of 1969, because shredded scrap 
exports were not reported as a separate 
scrap class prior to 1970. However, if 1970 
exports of shredded (1,165,000 tons) had 


IRON AND STEEL SCRAP 613 


160 

140 Steel production 
“o 
E 120 
8 
4 
“o 
€ 
S 100 
E 

N 

> WS, 
FE 
— 80 
2 Pig Iron Total scrap 
= consumption consumption 
g | 


3 — 


60 Ze 


e 
Ae ° —.— W. 


" ^ Home scrap produced 


B 1 N eg 
Noo 


` >” 
` . 


` 
20 Net receipts of scrap 


1955 1960 1965 1970 1975 


Figure 1.—Steel production (AISI); total iron and steel scrap consumption; pig iron 
consumption; home scrap production; and net scrap receipts. 
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been included under “other steel scrap,” as 
in former years, this catchall category 
would have increased 50 percent. 

Because of the significant increase in 
scrap exports, the Department of Com- 
merce, on November 23, 1970, began to re- 


WORLD 


Conditions around the world apparently 
paralleled those in the United States, ac- 
cording to delegates at the Bureau Inter- 
national de la Récupérations conference in 
Brussels near yearend. Delegates reported 
strong demand for ferrous scrap, efforts to 
upgrade scrap quality, and awareness of 
the need for recycling to improve the envi- 
ronment. 

Austria was reported requiring 500,000 
tons of scrap, 400,000 tons of which were 
supplied from domestic sources. In West 
Germany scrap deliveries declined in the 
second half of 1970, and processors were 
finding it difficult to sell lower quality 
scrap. The British reported high scrap de- 
mand and expected to continue importing 
from the United States until spring. 
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quire exporters of iron and steel scrap to 
submit weekly quantity reports. However, 
at yearend it had imposed no quotas or 
embargoes on ferrous scrap, but continued 
to require licensing of stainless and other 
nickel-containing scrap exporters. 


REVIEW 


The Netherlands reported steelworks re- 
ducing stocks. Swiss processors, who rely 
heavily on labor from outside the country, 
were concerned about Government action 
relating to foreign workers. Sweden re- 
ported that most of its imports were from 
the Soviet Union and the United States 
and that it had imported large quantities 
of fragmentized scrap in order to acquaint 
the steelworks with this material. A frag- 
mentizer was being erected at Halmstads 
Jarnverks AB, in Sweden, and a second 
Scandinavian fragmentizer was being in- 
stalled in Norway. Belgium reported in- 
creases in scrap imports. Czechoslovakian 
processors were reportedly producing over 
2 million tons of ferrous scrap; most of it 
was for domestic steelworks, but some was 
for export. 


TECHNOLOGY 


Spurred by the President, Congress, and 
the general public, both industry and Gov- 
ernment accelerated research directed to- 
ward increasing the use of scrap. 

Research by Jones & Laughlin Steel 
Corp.2 determined that the elements with 
most significant effects on the mechanical 
properties of low-carbon sheet steels are 
tin and sulfur, that the rate of No. 2 bun- 
dle consumption (in a plant with basic 
oxygen and electric furnace shops) is set 
by the hot metal composition and quantity 
of No. 1 heavy melting scrap, and that 
consumption is influenced by the variabil- 
ity of composition of this form of automo- 
bile scrap. 

National Steel Corp. ended a test pro- 
gram,3 sponsored by the American Iron 
and Steel Institute (AISI) and Carbonated 
Beverage Container Manufacturers Associa- 
tion (CBCMA), that proved scrap cans are 
suitable for primary steelmaking. AISI and 
CBCMA proposed that Congress include in 
the Resource Recovery Act of 1970, $2 mil- 
lion to build a demonstration plant near a 


large city for studying commercial use of 
the process for recovering, separating, and 
shredding incinerator residues developed 
by the Bureau of Mines. 

_General Motors Corp. and its Traverse 
City, Mich. dealers cooperated in an exper- 
imental campaign to clean the area of 
abandoned automobiles.4 The program in- 
volved finding, hauling, and processing 
junked automobiles. Its objective was to 
determine costs. According to reports, Gen- 
eral Motors concluded that crushed cars 
can be hauled to processing centers eco- 
nomically from within a radius of about 
150 miles. General Motors is making a 
similar study in California in cooperation 
with Southern Pacific Railroad. The scrap 
equipment manufacturing industry was re- 
sponding by developing smaller equipment 
2 Silver, Jerry. Using More Bundles in Steel- 
making. Secondary Raw Materials, v. 8, No. 3, 
March 1970, pp. 29-35. 

3 Industry Week. Steel, Can Makers Move to 
Clean Up Old Can Problem. V. 166, No. 24, 
June 15, 1970, p. 15. 


4 Industry Week. GM Rounds Up Auto Hulks. 
V. 167, No. 6, Aug. 10, 1970, pp. 67-69. 
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designed for operation at production limits 
imposed by economic haul distance of 
scrap feed. In a cooperative research effort 
with United States Steel Corp., General 
Motors reportedly has developed a process 
whereby quality hot rolled sheet products 
can be made directly from scrap iron skip- 
ping the conventional first remelting proc- 
ess. 

Bureau of Mines research directed to- 
ward conservation of minerals through 
recycling which has been underway for 
many years was continued and expanded. 
The smokeless junk car incinerator devel- 
oped at Salt Lake City 5 was operated to 
determine amounts of nonferrous metals 
melted during incineration, and to find 
ways Of increasing the capacity and lower- 
ing operating costs of the unit. At College 
Park, Md., research on processing of mu- 
nicipal residues 6 and refuse, started in 
1965, continued in several directions. Suc- 
cess with pilot plant processing equipment 
prompted development of a flow sheet for 
a prototype processing plant containing 
shredding, magnetic separation, and other 
conventional equipment. The objective of 
prototype plant operation would be not 
only to develop procedures, but also to de- 
termine costs. Additional effort was di- 
rected toward developing economical meth- 
ods for copper removal from ferrous scrap; 
toward developing methods for identifying, 
sorting, and separating metals; and toward 
developing chemical processes for preparing 
premium grades of scrap from ferrous 
residues. 

At the Bureau's Twin City Metallurgy 
Research Center, efforts to increase use of 
ferrous scrap included studies on produc- 
tion of synthetic pig iron from scrap,? on 
use Of ferrous scrap in foundry operations, 
on high-temperature oxidation of ferrous 
scrap, and on using ferrous scrap in the 
processing of low-grade nonmagnetic iron 
ores.8 With a grant from the Bureau of 
Mines, the University of Wisconsin was in- 
vestigating the effect of residual elements 
on the use of ferrous metals from inciner- 
ated refuse. 

In 1970, the Department of Health, Edu- 
cation, and Welfare (1) granted funds to 
Gulf Southwest Research Institute to study 
the use of old autos to stabilize levees;? 
(2) in cooperation with the Department of 
Commerce, studied the problems of the 
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dismantler; (3) through a grant to the 
Maryland State Health Department for a 
junked auto study was indirectly involved 
in enactment of legislation relating to 
junked automobiles; (4) was participating 
with other groups in the formulation of a 
nationwide abandoned automobile policy; 
and (5) in cooperation with the Institute 
of Scrap Iron and Steel, gave a $150,000 
grant to Battelle Memorial Institute for a 
research project entitled: “A Study to 
Identify Opportunities for Increased Recy- 
cling of Ferrous Waste.“ 10 

In Canada a chemical process was devel- 
oped to produce iron powder from scrap 
iron,11 and in Belgium scrap dealer Rob- 
ert George found that cooling scrap to 
— 1909 C makes steel brittle, whereas the 
nonferrous metals and nonmetallic material 
retain some elasticity at that temperature. 
Subsequent shredding results in scrap eas- 
ily separable by magnetic separation to 
produce high-quality scrap.12 

Major equipment manufacturers contin- 
ued to develop more economical and 
efficient scrap processing equipment, the 
trend was toward both larger and smaller 
equipment: larger for most economic opera- 
tion in areas of large scrap supply and 
smaller for economic operation in areas of 
lesser scrap supply. 


5 Chingren, C. J., K. C. Dean, and J. W. Ster- 
ner. Construction and Testing of a Junk Auto 
Incinerator, BuMines Tech. Prog. Rept. 21, Feb- 
ruary 1970, 8 pp. 

6 Stanczyk, Martin H., and A. Ruppert. Contin- 
uous Physical Beneficiation of Metals and Miner- 
als Contained in Municipal Incinerator Residues. 
Proc. Second Mineral Waste Utilization Symp., 
Cosponsored by U.S. BuMines and ITT Research 
Institute, Chicago, March 1970, pp. 255-260. 

* Mahan, Warren M. Foundry Iron Production 
from Automobile Scrap. Proc. Second Mineral 
Waste Utilization Symp., Cosponsored by U.S. 
BuMines and ITT Research Institute, Chicago, 
March 1970, pp. 66-78. l 

3 Prasky, Charles. New Developments in Use of 
Ferrous Scrap. Proc. Second Mineral Waste Utili- 
zation Symp., Cosponsored by U.S. BuMines and 


ITT Research Institute, Chicago, March 1970, 
pp. 59-66. 
? Vaughan, Richard D. The Administration 


Looks at the Abandoned Automobile. Secondary 
Raw Materials, v. 8, No. 4, April 1970, pp. 
135-136, 232. 

10 American Metal Market. Metal Market Bu- 
reaus, Ferrous Waste Objectives Defined. V. 77, 
No. 144, July 29, 1970, p. 14. 

u Gravenor, C. P., T. Rigg, and J. N. Stone. 
A Hydrometallurgical Process to Produce Iron 
Powder from Scrap Iron. Canadian Mining and 
Metallurgical Bulletin, v. 63, No. 693, January 
1970, pp. 59-64 

12 Industrial Research. Fresh Frozen Scrap Pro- 
duced by INCH. December 1970, p. V10. 
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Table 2.—Iron and steel scrap supply 1 available for consumption in 1970, by States 


(Thousand short tons) 

New supply 

State Receipts Production Total new Shipments? available for 

supply consumption 
Alabama.............-...- 1,580 2,041 8,621 144 8,4717 
Arizona W W W WV 
Arkansas W W W 
California 1,629 1,599 8,228 96 3,132 
Colorado W W W WwW 
Connecticut... . 82 56 188 5 183 
Delaware W W W W WwW 
Florida... W W W W W 
eorgia._............-.--- W W W W 
Illinois 4,383 4,532 8,915 481 8,434 
Indiana 2, 575 8, 226 10, 801 615 10, 186 
Iowa... _.-. . 417 168 580 1 579 
EE 65 45 110 5 105 
Kentucky...............-- W W W W W 
Louisiana W W W W W 
Maine W W W W W 
Maryland................-. W W W W W 
Massachusetts 41 52 93 2 91 
Michigan 4, 126 4,092 8,218 191 8,027 
Minnesota... . 276 216 492 8 484 
Mississippi W W  ------ W 
Missouri 798 283 1,081 8 1,078 
Montana W W asa W 
Nebraska W  --.----- W W W 
Vada.. ⁊ W W W — | ....-- w 
New Hampshire W W W re w 
New Jeraex. ------ 517 137 654 17 687 
New Vork. 1,077 2,080 8,107 174 2,983 
North Carolina 126 47 178 173 
lO. ex A A 6, 842 8,716 15,558 1,874 14,184 
Oklahoma. ..............-- 225 52 277 (8) 277 
Oregon 136 59 195 14 181 
Pennsylvania 7,892 11,522 18,914 1,815 17,099 
Rhode Island. ............- w W W W 
South Carolina............- W W W — W 
Tennessee 287 163 450 13 487 
Texas 1, 683 1,680 3,363 158 8,205 
Ge A AI W W W W 
Vermont! 9 7 16 ——ͤ—b 16 
I!; AA ed W W W W 
Washington 559 152 711 11 700 
West Virginia W W W W 
isconsiİn.. -2 417 413 830 34 796 
Undistributedʒʒ- 4, 426 6,292 10,718 354 10,364 
U.S. total ! 39,668 52,575 92,243 5,520 86,723 


W Withheld to avoid disclosing individual company confidential data; included with “‘Undistributed.”’ 

1 New supply available for consumption is a net figure computed by adding production to receipts and deduct- 
ing scrap shipped, during the year. The plus or minus difference in stock levels at the beginning and end of year 
is not taken into consideration. 

2 Includes scrap shipped, transferred or otherwise disposed of during the year. 

3 Less than 34 unit. : 

* Data may not add to totals shown because of independent rounding. 
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Table 3.—Consumption of iron and steel scrap and pig iron 1, by States, by type 
of manufacturers in 1970 


(Thousand short tons) 


Steel ingots and Iron foundries and 
castings 2 Steel castings š miscellaneous users Total 4 
State —  S_ OF ——ä— >a 
Scrap Pig iron Scrap Pig iron Scrap Pig iron Scrap Pig iron 
Alabama 2,401 3,506 160 (5) 906 520 3,467 4,026 
Arizona W. ge ses W | ....-. W W cse. 
A ` ᷣq!——  ------ W. suda... "ines nicas W -_--.-- 
California 2,641 2,228 128 3 254 108 8,023 2,334 
Colorado. ......- W W W A W |.....- W WwW 
Connecticut 69.  _----- 3 (5) 63 21 135 21 
Delaware 8 w W sz ¿ezo 
orida_ 7 sata! Bis W W W W 
Georgia . W (5) w 11 W 11 
Illinois 6,831 7,067 449 4 1,060 292 8,340 7,368 
Indiana 8,839 13,222 153 2 651 176 9,643 13,400 
I/ wm ë Gees me 42. “isis 530 28 572 
Kuünsas. ci. uu. cafes! ë ks 87 (5) 17 8 104 8 
Kentucky....... 1,127 W ee 218 W 1,345 
LOUISIANA c=sccicza > amara. ³7 é?7“i ̃ ᷣꝛꝛ . ĩðͤ — ud W (5) 
AMO: cavo Vaca A mansa 8 W W (5) 
Maryland 2, 808 W 29^ 5 79 w 2,916 
Massachusetts... ...... ------ 10 (5) 82 21 21 
Michigan 5,019 7,045 100 1 2,938 424 8,057 7,470 
Minnesota....... 327 442 56 1 81 35 464 478 
Mississippi... ee — QW. Gececk: Jamas. O. ²ð² x . W -.----.- 
issouri___._.... 870 2 113 1 79 18 1,062 21 
Monti ccc. ness. , ë Led W (5) (z) 
Nebraska. W W W oo... W W 
Nevada 3 L....-- W W- budes a S W W 
New Hampshire. W a utes w w w w 
New Jersey 216- ee 38 (5) 374 52 628 52 
New Lor 2,172 4,912 143 11 587 75 2,902 4,998 
North Carolina... N A dude W W W W 
Ohio 11,787 14,438 426 28 1,843 605 14,056 15,071 
Oklahoma W -_----- W W W W W 
Oregon 12 —P 55 (5) 6 1 188 1 
Pennsylvania. 16,051 21,221 385 33 724 112 17,160 21,366 
Rhode Island 14: ueLaso ͤ ús 58 10 132 10 
South Carolina. 47 w 47 
Tennesse 18 2 410 130 428 132 
ERR ee 2,539 22 53 1 592 72 8,184 95 
Uta W W W W W 
EU Sionee. ³o AA . lesa 17 5 17 5 
Vir ini!ensn.s.s. -cukwes 184 W 435 W 619 W 
Washington » 634 w 17 W 18 (5) 669 W 
West Virginia.... 1,638 W 33 W 48 W 1,719 W 
Wisconsin 245 7 558 148 803 155 
Undistributed ... 3,158 12,844 183 5 451 . 216 3,787 13,065 
U.S. to- 
tal 4 69,323 86,949 3,110 99 13,126 3,078 85,559 90,126 


W Withheld to avoid disclosing individual company confidential data; included with “Undistributed.” 
1 Includes molten pig iron used for ingot molds and direct castings. 

2 Includes only those castings made by companies producing steel ingots. 

3 Excludes companies that produce both steel ingots and castings. 

4 Data may not add to totals shown because of independent rounding. 

5 Less than l$ unit. 
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Table 5.—Consumption of iron and steel scrap and pig iron 1 in the United States 
in 1970, by type of consumer and type of furnace or equipment 
(Thousand short tons) 


Manufacturers of 


steel ingots and Total all types 4 


Manufacturers of Iron foundries and 


Type of furnace castings 2 steel castings 3 miscellaneous users 

or equipment — — — 

Serap Pig iron Serap Pig iron Scrap Pig iron Scrap Pig iron 
Blast furnaces___ 5,302 .— ...... | ...... OOO am nee 5,302 — ...... 
Basic oxygen con- 

verter 3. 21,124 49.136. bla. shese 21,124 49,136 
Open-hearth fur- 

n ace 21, 935 31,494 378 BO (e ei 22,313 31,529 
Electric furnace 18,834 288 2,381 37 1,799 128 23,014 453 
Cupola furnace... 1,695 115 307 18 10,986 1,943 12,988 2,076 
Air furnace 41 6 44 8 142 80 227 94 
Other furnaces 7. 392 S «sews: asis 199 2 591 10 

U.S. t 
tal 4_____ 69,323 81,047 3,110 98 13,126 2,153 85,559 83,298 


1 Excludes molten pig iron used for ingot molds and direct castings. 

? Includes only those castings made by companies producing steel ingots. 

3 Excludes companies that produce both steel ingots and steel castings. 

* Data may not add to totals shown because of independent rounding. 

5 Includes consumption in all blast furnaces producing pig iron. 

* Includes scrap and pig iron processed in metallurgical blast cupolas and used in oxygen converters. 
7 Includes vacuum melting furnaces and miscellaneous melting processes. 


Table 6.—Proportion of iron and steel 
scrap and pig iron used in furnaces 
in the United States 


(Percent) 
1970 

Type of furnace E 

Scrap Pig iron 
Basic oxygen converter 30.1 69.9 
Open-hearth furnace___________- 41.4 58.6 
Electric furnace 98.1 1.9 
Cupola furnace. ..............-- 86.2 13.8 
Air furnace.......2 luv e 70.7 29.3 


Table 7.—Receipts, production, consumption, shipments and stocks of iron and steel 
scrap and pig iron, by type of manufacturer, in 1970 


(Thousand short tons) 


Manufacturers Manufacturers Iron foundries 


of steel ingots of steel and miscel- Total 
and castings ! castings 2 laneous users 
Scrap: 
Reede uM REPE RUP 29,129 2,155 8,384 39,668 
Produe tion — 46,394 1,032 5,149 52, 575 
Consumption 69,323 3,110 13,126 85,559 
Shipments... ccc css Eeer siet 5,127 52 341 5,520 
e Stocks Dec. 3111 6,515 292 861 7,668 
ig iron: 
Receipts...... ee 4,893 98 8,223 8,214 
Production 89,667 ũ .  ....-- 89,667 
5 PACA do 86, je 99 3,07 : ; 430 
Dll ³ AAA EE 7,428 1 , 
Stocks Dec. 31_____ . 1,623 18 446 2,082 


1 Includes only those castings made by companies producing steel ingots. 
2 Excludes companies that produce both steel ingots and castings. 
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Table 8.—Consumer stocks, receipts, production, consumption, and shipments 
of iron and steel scrap in 1970, by grades 


(Thousand short tons) 
. Produc- Consump- Ship- Stocks 
Grades of scrap Receipts tion tion ments Dec. 31 

arbon steel: 

Low phosphorous plate and punchings. .. ..... 1,611 250 1,861 14 126 
Cut structural and plate 1,477 77 1,580 8 106 
No. 1 heavy melting steel 8,175 20,961 26,544 2,129 2,617 
No. 2 heavy melting steel 2,262 1,038 3,228 90 388 
No. 1 and electric furnace bundles...........- 5,379 775 5,943 67 621 
No. 2 and all other bundles 8,607 878 8,918 148 888 
Turnings and boring 2,855 591 2,779 226 242 
Slag scrap (Feceopntent). ------------ 1,307 2,042 3,292 57 113 
Shredded or fragmentized. .................- 879 c 841 1 56 
All other carbon steel 8crap.................- 5,228 13,715 17,449 1,046 965 
Stainless steel... e e LL LL LL LLL Lll. 481 500 950 49 104 
Alloy steel (except stainless) ))) 609 2,447 2,841 250 366 
Cast iron (includes borings).....................- 5,607 9,228 13,194 1,354 1,514 
Other grades OÍ scrap- eee 691 578 1,189 81 62 
e ias 39,668 52,575 85,559 5,520 7,668 


1 Data may not add to totals shown because of independent rounding. 


Table 9.—Consumer stocks of iron and steel scrap, by grades, and pig iron, 
Dec. 81, 1970, by States 


(Thousand short tons) 
Carbon 
steel Alloy Cast iron Other Total 
State (excludes Stainless steel (includes grades of scrap Pig iron 
rerolling steel (excludes ` borings) scrap stocks ! stocks 
rails) stainless) 
Alabama 1511 (2) 73 |. C) 224 168 
Arizona ͤ d E rcc (2) W W el "n 
2 2 
California 181 1 2 102 3 289 207 
Colorado W W W W 
Connecticut. 2 3 1 6 W 13 2 
Delaware W ...-. W G Wi, ee 
orida. Wo tees tC (2 colon W (2) 
Georgia N E W. dais W 1 
Illinois 650 3 15 70 1 739 71 
Indiana 858 6 5 246 4 1,119 80 
Iowa. coca ita 48 (2) (2) 1 
Kansas D. ee (99 t.... (2) 
Kentucky... .. 92 (2) 20 11 11 134 WwW 
Louisiana JJ ·²· ö Q W ` uz 
Maine TT () (2) (2) 
Maryland 205 13 1 90 | | ...-- 325 
Massachusetts EE (D. — aA  ----- 
Michigan..........- 202 11 1 116 2 832 140 
innesota.........- Sic — — (2) 12 1 100 
Dl jM EM c ZU Sus W ...-. 
Missouri 157 (2) 1 30 4 192 7 
Montes “ams eed. (i bhate W W 8 
ebrask aa. t tata. adean ae ases W 3) 
Nevada J. Q —.— (2) 8 
New Hampshire „„ «¡esa ë ë Manet  JBsbúe (2) 2) 
New Jersey......... 30 (2) 4 19 (2) 53 9 
New York 216 9 8 146 (2) 879 260 
North Carolina W. W ...-- W 2 
1d 8 851 10 64 165 1.092 534 
Oklahoma.......... W ..  ...-- W (2) 
Oregon 8 4 1 Qe 13 (3) 
Pennsylvania 1,104 44 181 270 25 1,625 815 
Rhode Island W | ...--. w W (2) w 1 
South Carolina...... I. — cde. mms Gyn — x 1 W 
Tennesse. 8 | 3 ..... (2) 11 21 12 
Texas 236 (2) 24 47 (2) 307 58 
Utah... UM"  —— mx W W | ..... W W 
Vermont J. eee” E 1 2 1 
Virginia 19 (2) 10. eed 29 w 
Washington BT — — diss 12 (2) 103 1 
West Virginia 9g 4 y —— uie 104 4 
Wisconsin 20 (2) (2) 7 1 28 29 
Undistributed_-_____- 804 Le 14 58 4 378 163 
U. S. total 1. 5,622 104 366 1,514 62 7,668 2,082 


W Withheld to avoid disclosing individual company confidential data, included in Undistributed.“ 
1 Data may not add to totals shown because of independent rounding. 
2 Less than 1⁄4 unit. | 
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Table 10.—Stocks of iron and steel scrap and pig iron at major consuming 
industries” plants Dec. 31 
(Thousand short tons) 


Manufacturers Manufacturers Iron foundries 


Year of steel ingots of steel and miscel- Total 
and castings castings laneous users 
Scrap stocks: 
))) ⁵˙ 8 5,413 270 869 6,552 
J,!!! 6,515 292 861 7,668 
Pig iron stocks: | 
%%% eee O 1,467 16 240 1,723 


IJ. ——SM RÀ 1,623 13 446 2,082 


Table 11.—Average monthly price and composite price for No. 1 heavy 
melting scrap in 1970 
(Per long ton) 


Month Chicago Pittsburgh Philadelphia Composite price ! 
danuarg. $41.00 $40.25 $40.25 $40.50 
February... .. . . . . 49.00 47.50 42.00 46.17 
Mareh oct sta 44.90 43.90 42.70 4 .83 
April: o 8 40.00 41.75 41.50 41.08 

BY A ee 43.75 42.50 43 .00 43.08 
JUDO Sua a ias 43.70 42.30 43.30 43.10 
A casi A IA A 40.50 39.50 41.00 40.33 
e cua aleta 41.30 39.90 39.60 40.27 
September! 45. 63 42. 75 39. 50 42. 63 
Oe tober 41. 00 42. 00 37.25 40. 08 
November 34.70 87.30 84.50 85.50 
December. ................-- 86.83 37.50 34.17 36.17 
Average 

/ ee 41.86 41.43 89.90 41.06 
198999 30.12 31.26 31.22 30.87 


1 Composite price, Chicago, Pittsburgh, Philadelphia. 
Source: Iron Age, Jan. 1, 1971. 
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Table 14.—U.S. exports of ships, boats, and other vessels for breaking up for scrap 


(Thousand short tons and thousand dollars) 


1966 1967 1968 1969 1970 

Country Quan- Quan- Quan- Quan- Quan- 
tity Value tity Value tity Value tity Value tity Value 
Bahamas..........- ER Ss Ge Gg 8 $137 5 $78 Sen ee 
Canada. 7 $102 12 5116 7 97 3 20 18 3338 
Denmark 8 NN 7 130 „ Eu ALA „ 
Germany, West.. 10 296 E e PL si. iste hs 15 197 
Hong Kong........- 8 See PS Doc 275 12 210 n 
Italy ee KS ES 13 54 Bi. E „ 48 913 
Japan S 26s vh MM 2 125 Geen ` AE 6 100 
Mexico 70 Mee D" TOROS 51 IN S 
Netherlands E NM TON Nd 55 ayy. | gece 15 275 
Pn Sua: 42 pres M 51 725 70 1,098 357 7,687 
Taiwan MN ae ze SE 38 734 20 849 58 1,607 
Other.......:.c o (1) 1 2 6 5 12 1 13 14 407 
e 23 511 34 306 120 2,105 114 2,319 531 11.474 


1 Less than l4 unit. 
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Table 16.—U.S. imports for consumption of iron and steel scrap, by countries 


1969 1970 
Country 
Value Value 
Short tons (thousands) Short tons (thousands) 

EE 115 $60. ³ð ( “depues 
G iia u us aus 324,562 r 11,474 294,122 $10,906 
Dominican Republic 501 10 4 1 
French West Indies 786 20- damas "ess 
Germany, Wee 4,644 991 1 1 
India cs 8 38. W „„ 
P EE 1,047 r 289 968 25 
Korea, Republic of... .............- 56 Td? r aese as 
E EE 440 155 4,332 101 
Sweden `- caca o a 2,107 152 1,358 114 
United Kingdom 76 r 252 414 49 
CA ee 215 25 94 3 
o AAA 5 335, 199 r 13,488 301,298 11,200 


r Revised. 
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Iron Oxide Pigments 


By Henry E. Stipp * 


Sales of crude and finished iron oxide 
pigments decreased in 1970; however, pros- 
pects for a substantial increase in sales by 
1975 reportedly were good. Projections of 
paint sales in the United States indicated 
an increase of approximately 33 percent in 
value from an estimated $2.53 billion in 
1970 to an estimated $3.36 billion in 1975. 
Demand for hard ferrites, an important 
consumption category for iron oxide pig- 
ments, was said to be significantly larger 
in 1970 than in 1969. Hard ferrites are re- 
placing copper-wire-wound fields in many 


small motors used in autombiles and home 
appliances. 

Legislation and Government Programs— 
The Bureau of Customs started withhold- 
ing appraisement of ferrite cores imported 
from Japan pending a decision as to 
whether the ferrites were being sold at less 
than fair value. If the ferrites are found to 
be sold at less than fair value the case will 
be referred to the Tariff Commission for a 
determination of injury. Dumping duties 
could then be assessed effective after the 
withholding date. 


DOMESTIC PRODUCTION 


Crude iron oxide pigments production 
decreased for the second consecutive year 
to 38,600 tons, down 5 percent from the 
40,600 tons of 1969 and a drop of 33 per- 
cent from the 57,600 tons output of 1968. 
Seven companies operating eight plants in 
six states reported production of crude 
iron oxide pigments. Cleveland-Cliffs Iron 
Co. produced the largest quantity of crude 
iron oxide pigments from mines in Michi- 
gan. Production of manufactured finished 
iron oxide pigments (as indicated by 


sales) decreased only 2 percent to 69,138 
tons, compared with 70,507 tons in 1969. 
Total sales of finished iron oxide pigments 
decreased 13 percent to 123,988 tons in 
1970, compared with 142,893 tons in 1969. 
Twelve companies operating 17 plants in 
nine states produced finished iron oxide 
pigments. Charles Pfizer & Co., Inc., with 
plants in Pennsylvania, Illinois, and Cali- 
fornia was the major producer. 


1 Physical scientist, Division of Ferrous Metals. 


Table 1.—Salient iron oxide pigments statistics in the United States 


1966 1967 1968 1969 1970 
Mine production short tons 63, 200 39, 900 57,600 40,600 38,600 
Crude pigments sold or used_________- do.... 638,900 41,800 57,600 40,800 39,200 
Ir... usnu thousands $476 $326 $457 $362 $442 
Finished pigments sold Short tons.. 130,700 127,300 132,400 142,900 124,000 
rr thousands $24,841 $26,720 $30,676 $32,289 $28,200 
Exports_____ ee es short tons 4,800 3,100 3,300 4,000 4,565 
Valle thousands.. $1,307 51.312 $1,257 $1,439 $1,621 
Imports for consumption short tons.. 24,600 23,400 29,900 33,400 32,684 
iii.. 8 thousands $3,163 $3,203 $4,117 $5,044 $5,759 
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CONSUMPTION AND USES 


The decrease in consumption of both 
crude and finished iron oxide pigments 
could have been the result of sluggish eco- 
nomic activity, particularly in the automo- 
bile and building materials fields. Inven- 
tory adjustments also could have 
contributed to the drop in demand for fin- 
ished pigments. 

In addition to its use as pigments in 
paint, enamel, linoleum, wood fillers, plas- 
tics, rubber, paper, and wood stains, iron 
oxide pigments were used in ferrite appli- 
cations. Generally, ferrites are compounds 


of iron oxide and strontium, barium, lead, 
nickel, magnesium, manganese, or copper 
that are used for their magnetic properties 
in computers, inductor and microwave de- 
vices, color television sets, small motors, 
closure devices, cordless appliances, and a 
number of other applications. 

Data are not collected by the Bureau of 
Mines on specific uses of iron oxide pig- 
ments, and the figures given in table 2 do 
not necessarily reflect all sales of iron oxide 
pigment material for uses except as pig- 
ments. 


Table 2.—Finished iron oxide pigments sold by processors in the United States, 
| by kinds 


1969 1970 
Pigment Value! Value! 
Short tons (thousands) Short tons (thousands) 
Natural: 
Brown: 
Iron oxide (metallic) 22 15,240 $2,419 11,600 $2,049 
mbers: 
Burnt...... FFC 4,341 970 4,258 1,014 
ROW occur cci Leu 1,192 270 1,087 262 
Red: 
Iron oxided· 86,301 2,245 23,177 1,647 
Sienna, burn 1,035 377 963 352 
Pyrite einde rr (3) (3) (3) (3) 
Y ellow: 
Oele A 5,527 379 4,718 312 
Sienna, rage. 600 188 619 201 
Total natural.................- 64,236 6,848 46,422 5,837 
Manufactured: 
Black: Magnetic... -.-.-------------- 3,527 1,196 6,480 1,387 
Brown: Iron oxide 7,163 4,110 4,661 1,732 
Pure red iron oxides: 
Calcined copperas. ........... 18,558 5,609 14,199 4,602 
Other chemical processes s 14,322 3,909 18,131 3,952 
Venetian redl 603 110 592 124 
Yellow: Iron oxide 26,334 7,908 25,075 8,004 
Total manufactured... ............. 70,507 22,838 69,138 19,801 
Unspecified including mixtures of natural and 
manufactured red iron oxides 8,150 2,608 8,428 2,559 
Grand total 2... 2... ...- 142,893 32,289 123,988 28,197 


1 Data may not add to totals shown because of independent rounding. 


2 Includes black magnetite and vandyke brown. 


š Pyrite cinder included with red i iron oxide for 1969 and 1970. 


4 Includes yellow iron oxide. 
5 Includes other manufactured red iron oxide. 


PRICES 


Price increases on most grades of iron 
oxide pigments became effective on April 
17. Further adjustments of these prices 
took place on May 22, and prices were 


firm throughout the remaining part of the 
year. Demand for iron oxide pigments ap- 
parently was strong until the latter half of 
1970. 
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Table 3.—Prices quoted on finished iron oxide pigments, per pound, in bags, 
unless otherwise noted, as of December 31, 1970 
Pigment Low High Pigment Low High 
Black: , Red: 
POC AAA AA $0.1575 $0.1775 Domestic primers___________ 50.072552 
Synthetic 1600 1770 Persian Gulf 11 0825 50. 0900 
Brown: Pure synthetic.. .---------- .1675 .1725 
Pure, synthetic............. 1875 .1925 Sienna, American, burnt. .... 1325 2600 
Metallie aaa 0775 0950 Y ellow: 
Umber, American, burnt . 1125 1850 Ocher, domest ie 0550 
Umber, American, raw 1150 1850 Ocher, French type 1050 ...... 
Vandyke, American 11 1450 Pure, light lemon 1600 
Sienna, American, burnt 1325 2600 Other shades..............- 150 
1 Barrels. 
Source: Oil, Paint and Drug Reporter and American Paint Journal. 


FOREIGN TRADE 


United States exports of iron oxide pig- 
ments in 1970 increased 14 percent to 4,565 
short tons, compared with 3,992 short tons 
in 1969. The value of exports increased 13 
percent to approximately $1.6 million from 
about $1.4 million in 1969. Canada received 
almost half of iron oxide pigment exports, 
followed by Australia, the United Kingdom, 
and France, which received over 300 tons 
each. l 

Imports of iron oxide pigments into the 
United States in 1970 totaled 32,648 short 


tons, a decrease of 2 percent from the 
33,431 short tons imported in 1969. The 
value of iron oxide imports totaled about 
$5.8 million in 1970, compared with $5.0 
million in 1969. Approximately 74 percent 
of total imports consisted of synthetic iron 
oxide pigments. Imports of natural iron 
oxide pigments, which constituted about 
26 percent of total iron oxide imports, 
consisted mainly of crude and refined 
umber. 


Table 4.—U.S. exports of iron-oxide and hydroxides, by countries, 1970 


Pigment grade Other grade 
Destination Value Value 
Short tons (thousands) Short tons (thousands) 

NA AA nea 41 $17 1 1 
AAA ⁰ •⁰¹ A 368 198 191 106 
Belgium- Luxembourg 10 4 145 87 
PV ³⁰o¹w y mrs 8 100 60 202 100 
Canada. ⁵ : f . 8 2,160 478 1,648 696 
Chilli li... ca es gus ĩðâ u a a Ue 14 O; unn O „onus 
COMA 8 44 16 70 22 
Fl.. T 306 156 135 101 
Germany, West... o ccoo. 124 55 333 211 
Guatemala... ls cu aa E 30 9 3 1 
Hong . y 17 „„ 8 | Jools 
Indi lun ei Oe teeta yk vd ᷣͤ | kite LO 333 160 
Ns he ee te et IÓN 3 Bo „ 
Italy oe a 41 49 434 482 
ö˙— ĩ k ee 115 40 1.412 1,004 
N ³¹ 8 132 72 115 141 
Netherlands 48 9 347 259 
New Zealand __ ....... ee 10 (Cece Oonk 
PANG ENEE 7 4 46 6 
Philippines 95 38 2 2 
Sf P xꝶ LAE EE EET 10 3 6 2 
United Ringdom ee 354 168 367 289 
Venezuela. |. |... LLL LL LL LLL ee 144 48 38 17 
Vietnam, South `, 212 111 62 66 
G ³ A A u ZS u an 180 64 313 149 
17 ]³Ü¹¹¹ iA 4, 565 1,621 6,198 3,902 
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Table 5.—U.S. imports for consumption of selected iron-oxide pigments 


1969 1970 
Kinds Value | Value 
Short tons (thousands) Short tons (thousands) 

Natural: f 
Ocher, crude and refined. ............. 87 $6 62 $4 
Siennas, crude and refined 1,341 146 1,051 115 
Umber, crude and refined 6,240 235 4,883 171 
Vandyke brow̃ . . . 472 42 435 50 
GAM uu K A 2,786 225 2,115 155 
OVE) u pu a ads 10,876 654 8,546 495 
Manufactured (synthetic)... 22,555 4,390 24,138 5,264 
Grand totalall 33,431 5,044 32,684 5,759 


1 Classified by the Bureau of the Census as “Natural iron-oxide and iron-hydroxide pigments, n. s. p. f.“ 


Table 6.—U.S. imports for consumption of iron-oxide and iron-hydroxide 
and pigments, n.s.p.f., by countries 


Natural Synthetic 
1969 1970 1969 1970 
Country 
Value Value Value Value 
Short (thou--- Short (thou- Short (thou- Short (thou- 
tons sands) tons sands) tons sands) tons sands) 
Belgium-Luxembourg..... .....  ..... „„ ^^ 22.2.2. 15 $2 
Canada _ _ . seu 1 $1 10 $10 7,169 $1,513 7,742 1,383 
II IMA A O EE 240 999 eee 
France- A Ronee aaa (1) 1 21 4 20 4 
Germany 

Basto sect ore: ęꝶ ß A E E 18 3 
West ornato 2 5 13 10 13,824 2,553 14,797 3,119 
CN d T tote (1) JJ!!! te, RUS 
Japan_.. cece rial 11 30 1 2 14 56 183 535 
Netherlands. UU. l l. U. nie Siege BSB, ised 10 1 28 17 
Pr a) be 22 E ass» . Gus: Aus 
Spain. A 2,517 160 1,848 109 6 5 1 

Switzerland... „ (1) 1 1 (1) 
United Kingdom 205 29 221 21 1,192 169 1,329 200 
z Totaal 2. 736 225 2,115 155 22, 555 4,390 24, 138 5, 264 

1 Less than N unit. 
TECHNOLOGY 


The properties of micaceous iron oxide 
used as a pigment in protective paints for 
iron and steel, was described.2 Although 
micaceous iron oxide pigment has been 
used extensively in the United Kingdom 
and European countries, its use in the 
United States reportedly has been neglig- 
ible. 


Research on iron oxide ferrites was con- 
centrated mainly on improving physical 
and magnetic properties by controlling 
composition, 3 amd size and distribution of 
grains.4 The chemical compound 
PbO-5Fe203, had the best permanent mag- 
netic properties of any lead ferrite tested.5 
Small quantities of silica and boron oxide 
added to the lead ferrite composition 
formed low melting phases and gave a 
denser magnetic material. 


A method of studying the reaction of 
zinc oxide and iron oxide by measuring 


the release of radioactive inert gas was 
reported.6 

A computer was used to monitor various 
steps in manufacturing iron oxide ferrites.7 
This method of supervision gave better 
yield, inventory control, and utilization of 
equipment than conventional methods. - 


2 American Paint Journal. Micaceous Iron 
Oxide. V. 54, June 22, 1970, pp. 68-81. 

3 Brockman, F. G., and K. E. Matteson. Nick- 
el-Zinc Ferrites: 1, Effect of Composition on the 
Magnetic Properties of a Nickel-Zinc- (Cobalt) 
Ferrite. J. Am. Ceram. Soc., v. 53, No. 9, Sep- 
tember 1970, pp. 517-520. 

t Johnson, D. W., and F. J. Schnettler. Charac- 
terization of Freeze- Dried Al:03 and Fe?O;. J. 
Am. Ceram. Soc., v. 53, No. 8, August 1970, pp. 
440—444. 

5 Tokar, Michael. Micro-Structure and Magnetic 
Properties of Lead Ferrite. J. Am. Ceram. Soc., 
v. 52, No. 6, June 1969, pp. 302-306. 

6 Balek, Vladimir. Emanation and Surface Gas 
Labeling Methods of Studying the Solid-State Re- 
action of ZnO and Fe:Os;. J. Am. Ceram. Soc., v. 
53, No. 10, October 1970, pp. 540-543. 

* Getto, Allan, and John H. Labick. Computer- 
ized Ferrite Process. Ceram. Age, v. 86, No. 10, 
October 1970, pp. 3941. 


Kyanite and Related Minerals 


By J. Robert Wells * 


Kyanite, sillimanite, andalusite, dumor- 
tierite, and topaz are conveniently consid- 
ered as a group, because they are natural 
silicate minerals with many similarities in 
composition and properties. In common 
with synthetic mullite, they all can be 
used as materials for the manufacture of 
mullite-type refractories. 

The United States and India are the 
world's principal suppliers of kyanite. 
Large-scale production of sillimanite is 
mostly confined to India and the Republic 
of South Africa, the latter being also the 
most important source of  andalusite. 
Minor quantities of kyanite-group minerals 
are produced from time to time in some 
half dozen other countries, but no in- 
dustrial utilization of dumortierite or of 
non-gem topaz has been reported in recent 
years. 

In the United States, the quantity of 
kyanite sold or used by domestic producers 
increased notably in 1970, exceeding by ap- 
proximately 11 percent (with regard to 
both total tonnage and total value) the 
previous alltime high attained in 1969. 
This new record was all the more impres- 


sive in view of the closing in South Caro- 
lina of the Henry Knob mine of Combus- 
tion Engineering, Inc., hitherto the source 
of a consistently substantial share of the 
national total. The South Carolina deficit 
was more than counterbalanced by briskly 
stepped-up production at the same compa- 
ny's operation in Georgia—an increase that 
coincided with significant gains achieved 
elsewhere by each of the other two pro- 
ducing firms. 

Legislation and Government Programs.— 
The Office of Emergency Preparedness 
announced on March 4, 1970, that kyan- 
ite-mullite had been removed from the list 
of strategic materials for stockpiling. Ap- 
proximately 4,800 short tons of kyanite- 
mullite remained in the Government's 
stockpile inventory at that date, and no dis- 
posal of this material had been made as of 
December 31, 1970. 

The Government's Office of Minerals Ex- 
ploration offered to provide loans of up to 
50 percent of the approved costs of explo- 
ration of eligible kyanite deposits, but no 
loans for that purpose were made in 1970. 


DOMESTIC PRODUCTION 


Kyanite was mined in 1970 in two States 
and was recovered as a coproduct mineral 
in a third. Kyanite Mining Corp., the larg- 
est domestic producer, operated two mines 
in Virginia, one at Dillwyn in Buckingham 
County and the other at Farmville in adja- 
cent Prince Edward County. In Georgia, 
Aluminum Silicates, Inc., a subsidiary of 
Combustion Engineering, Inc. produced 
kyanite from the Graves Mountain mine in 
Lincoln County. Kyanite was also recovered 
as an accessory product at the Trail Ridge, 
Florida plant of E. I. du Pont de Nemours 
& Co., Inc., during the extraction of heavy 
minerals from complex sands of an exten- 


1 Physical scientist, 


sive deposit in Clay County. In California, 
small quantities of quartz-kyanite rock are 
quarried occasionally and marketed as 
building stone, without separation of the 
component minerals. 

Domestic output of kyanite in 1970, rid- 
ing the 16th annual increase in the last 20 
years to the largest total ever recorded, 
was more than 10 percent greater than in 
1969. Actual kyanite production figures 
must be withheld to avoid disclosure of in- 
dividual company confidential data. 

Synthetic mullite, totaling 14 percent 
more in tonnage than in 1969 and 29 per- 


Division of Nonmetallic 
Minerals. 
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cent higher in total value, was produced 
in 1970 by eight firms: The Babcock & 
Wilcox Co., Refractories Division, New 
York, N.Y. (plant at Augusta, Ga); The 
Carborundum Co., Niagara Falls, N.Y. 
(plant at Niagara Falls, N.Y.); C-E Min- 
erals, a division of Combustion Engineer- 
ing, Inc., King of Prussia, Pa. (plant at 
Andersonville, Ga.) ; Harbison-Walker Re- 
fractories Co., Pittsburgh, Pa. (plant at 
Eufaula, Ala.); Norton Co., Worcester, 
Mass. (plant at Hunstville, Ala.); H. K. 
Porter Co., Inc., Refractories Division, 
Pittsburgh, Pa. (plant at Shelton, Conn) ; 
Remmy Division of A. P. Green Refracto- 
ries Co., Philadelphia, Pa. (plant at Phila- 
delphia, Pa.); and The Chas. Taylor Sons 
Co., subsidiary of National Lead Co., Cin- 
cinnati, Ohio (plant at South Shore, Ky.) . 

The extra-quality grades of synthetic 
mullite were manufactured by high-tem- 
perature treatment of mixtures of Bayer- 
process alumina with pure silica sand, 
while siliceous bauxite and bauxite-clay 


mixtures served for products intended to 
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meet less exacting specifications. Rotary, 
periodic, and tunnel kilns were used in the 
making of sintered material, but the pro- 
duction of fused mullite was carried out in 
electric-arc furnaces because of the higher 
temperatures that are needed. 

Plans were announced in 1970 by C-E 
Minerals, a division of Combustion Engi- 
neering, Inc., for a substantial increase in 
production capacity at its recently con- 
structed Andersonville, Ga. plant. Three 
additional calcining furnaces will be in- 
stalled for processing aluminum silicate 
raw materials for the manufacture of ce- 
ramics and mullite-type refractories. 


Table 1.—Synthetic mullite production 
in the United States 
Value 


Year Short 


tons (thousands) 
19660 y 49,551 $5,961 
1% 40, 288 4,811 
1968 AA esse 6,014 5,758 
1969. sk ae 88 , 588 6,847 
E EEN 55,516 8,840 


CONSUMPTION AND USES 


Kyanite, either domestically produced or 
imported, and mostly ground to 35 mesh 
or finer, was consumed chiefly in the prepa- 
ration of refractory mortars, ramming 
mixes, and plastic refractories. For the 
most part, synthetic mullite was used in the 
fabrication of  high-alumina refractory 
brick and shapes for structures exposed to 
extreme and long-continued heat. These 
refractories were used in furnaces for fer- 
rous and nonferrous smelting, in the elec- 
tric-arc preparation of special alloys, and 
the manufacturing of glass. 

In addition to the refractories applica- 
tions, Kyanite was incorporated in certain 


ceramic mixtures, in which it confers a 
number of important advantages. Its pres- 
ence in a ceramic body often improves the 
workability, and the interwoven texture of 
the mullite crystals that are formed on 
firing, also provides superior mechanical 
strength in the finished products. The in- 
crease in volume brought about upon 
firing by the conversion of kyanite to mul- 
lite is often advantageous, furthermore, in 
that it can compensate for the reduction 
caused by the shrinkage of the clays that 
usually are the principal components of 
the ceramic mixture. 


PRICES 
Ceramic Industry Magazine, January 35 mesh------------------------ H 
1971, showed the current price range for FFC $60 
kyanite to be from $53 to $91 per ton. (( I 
825 mesh-. noo Nominal 


The December 1970 issue of Engineering 
and Mining Journal quoted the following 
prices per short ton for kyanite, f.o.b. ship- 
ping point, South Carolina or Georgia, in 
bags (bulk shipments $4 less per ton) : 


Published prices for imported kyanite 
have been largely conjectural for a number 
of years and have not appeared in the 
Journal since November 1969. 
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FOREIGN TRADE 


Kyanite imports and exports, which 
started into the 1950's with imports far 
in the lead and then crossed paths after 
coming briefly to a balance about 10 years 
ago, continued to diverge (after the minor 
reversal recorded in 1969). Imports de- 
clined to their lowest level in the 34 years 
of published data, while exports climbed 
to an alltime high that was 12 percent 
above the previous record established in 
1967. It seems worthy of note that in 1951 


the approximate ratio of imports to exports 
was 20/1 and that by 1970 the relationship 
had been precisely inverted, 1/20. 

Tariff regulations applicable in 1970 
continued to provide for duty-free impor- 
tation of kyanite, sillimanite, and dumor- 
tierite. The ad valorem duty on mullite, 
fixed at 12 percent at the start of 1969, 
was reduced to 10 percent on January 1, 
1970 and was scheduled for a further re- 
duction in 1971. 


Table 2.—U.S. exports and imports for consumption of kyanite and related minerals 


Short 
tons 
EXPORTS 
Fil 22 
Austral. al 704 
Belgium-Luzembourg. 876 
TT 3,861 
Colombia 182 
Frant 1 d edu ĩðͤ u 2 u 2 te 398 
Germany, Wee 1,740 
Hong EEN 
ö es eis oe pe 1,557 
J%/§ö5»—ůtr m 5, 576 
h iurc ð 8 1,438 
Netherlands 
ERilppi ness ies 37 
South Africa, Republic of 144 
Sd ² 7 j ] . exes 575 
TAIWAN ee y a. ` en 
Thailand _________-__-_________-_______.-.- 582 
United Kingdom 1,687 
Venezuela ___ .... LLL LLL LL csse sss 2 cL 621 
Other countries 416 
r ³ é 20,477 
IMPORTS 
Canada- casa ee ee ey a 
France...........- Nl Sethe A 8 
I ³ 8 MINCE SN 1,391 
Mozambique 
South Africa, Republic oz 59 
1,450 


, ß d s 


1968 1969 1970 
Short Short 

Value tons Value tons Value 
$1,420 19 $1,462 245 $18,375 
46,748 692 49,438 715 55,642 
61,464 487 84,480 139 48,004 
252,084 4,342 806,801 6,765 443,911 
11,566 209 9,381  ..... —᷑ͤ—e 
49,074 157 26,045 285 34,240 
104, 527 2,559 168,145 SE 7955 
116,490 2,845 211,864 2,996 229, 425 
331,262 2,338 151,762 2, 168 167, 869 
88,987 1,498 105,796 2,435 164, 591 
3, 990 22 634  ..... 222 
4,020 20 2,190 75 5,877 
8,404 77 6,319 41 6,044 
27,082 1,124 64,678 1,217 72,775 
C 589 20,750 309 8,823 
85,978  ..... oo... 61 3,800 
79,481 1,476 85,989 2,213 122,757 
39,675 740 67,923 780 46,437 
48,452 502 39,733 223 20,864 
1,310,694 19,696 1,353,385 24,024 1,622,033 
curo 306 17,921 DENIM bassz 
NN TENE 1 290 
49,414 1,167 48,439 1,178 55,264 
ates 277 9,921 ene eee 
1,967 338 11,928 ----+ — 
51,381 2,088 88,209 1,179 55,554 


WORLD REVIEW 


India.—Kyanite production in India 
during 1969, the last year for which com- 
plete data are available, amounted to 
92,457 short tons valued at $2.3 million, 
approximately 30 percent more in quantity 
than in 1968 and 22 percent higher in 
total value. About 54 percent of the 1969 
output was exported to 17 countries, 
among which Japan received 25 percent of 
the tonnage exported and the United 
States, 3 percent. Italy, the United King- 
dom, West Germany, and Belgium each re- 
ceived 12 to 15 percent of the exported 


mineral. India's sillimanite production in 
1969 was 4,349 short tons, of which 2,316 
short tons, with a declared value of 
$182,000, was exported. 

Concern has been expressed in regard to 
the present validity of the published figure 
for proved kyanite reserves in India, which 
have been reported for a number of years 
at 700,000 tons with no adjustment for ac- 
tual extraction in the meanwhile. It now 
appears that this figure—the equivalent of 
less than a decade of production at the 
present rate—may be too high and that 
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conservation measures may be advisable to 
ensure supplies for rising domestic con- 
sumption. 

South Africa, Republic of.—According to 
data released by the Republic's Depart- 
ment of Mines,2 production of andalusite 
amounted to 46,793 short tons in 1969, 
greater by 89 percent than the output in 
1968. Local sales of the mineral out- 
weighed exports by a ratio of about 7 to 
6; compared with 1968 figures, both 
exports and local sales were more than 
doubled with respect to tonnage and total 
value. Andalusite production in the first 
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three quarters of 1970 totaled 31,391 short 
tons, marginally higher than in the corre- 
sponding period of 1969. Sillimanite pro- 
duction, reported at 31,192 short tons for 
all of 1969, was about 15 percent below 
the 1968 output, and exports were lower 
in approximately the same proportion. 
Local sales of sillimanite were of minor 
importance. Data for January through Sep- 
tember suggest that sillimanite production 
in 1970 may have been substantially higher 
than in 1969 and about abreast of the 
36,591 short tons mined in 1968. 


TECHNOLOGY 


Research conducted by the Bureau of 
Mines in cooperation with the University 
of Alabama resulted in the development of 
an advantageous procedure for the benefi- 
ciation of a Georgia kyanite ore. The sam- 
ple used in the investigation, representing 
material from a deposit in Georgia's Lin- 
coln County, contained about 28 percent 
kyanite in a gangue that consisted essen- 
tially of quartz, clay, and pyrophyllite, to- 
gether with 2 to 3 percent of iron miner- 
als. Laboratory flotation tests, both batch 
and continuous, were carried out in which 
successive variations in conditioning speed, 
conditioning time, percent solids, and pulp 
pH were studied in conjunction with dif- 
fering types and quantities of flotation re- 
agents. By applying a system of treatment, 
for which optimum parameters and a rec- 
ommended flowsheet were detailed in a 
published report,3 concentrate fractions were 
obtained that assayed 56 percent Al203 
(equivalent to approximately 90 percent 
kyanite) and about 5 percent acid-soluble 
iron (calculated as Fe203). A subsequent 
high-intensity wet magnetic separation up- 
graded the concentrate to the equivalent 
of about 93 percent kyanite with less than 
l percent of residual Fe,Os, for an overall 
kyanite recovery in the neighborhood of 83 
percent. | 

The results of another Bureau research 
project, this one a study of methods for 
reclaiming magnetic kyanite rejects, are 
available for reference at the Bureau’s 
Tuscaloosa Metallurgy Research Labora- 
tory, Tuscaloosa, Ala. 


The technology of mullite and other re- 
fractories was exceptionally well presented 
in a sound and color film titled “Fahren- 
heit 3300”, made available for free loan by 
the Bureau of Mines and sponsored by 
Kaiser Refractories Division of Kaiser Alu- 
minum & Chemical Corp. The film illus- 
trated in a vivid manner the technical as- 
pects of the versatile materials that are 
being custom-made to contain and bring 
into the service of mankind the extremes 
of temperature used in present-day 
technology.4 The Bureau of Mines issued 
an important publication on the rapidly 
evolving technology and utilization of re- 
fractories, including those containing mul- 
lite, for modern high-temperature process- 
ing of metallic and nonmetalic materials.5 

Two patents were issued in the United 
States that may foretell major new outlets 
for kyanite-group minerals. The respective 


2Republic of South Africa, Department of 
Mines. Quarterly Information Circular, October- 
December 1969, pp. 26-31, July-September 
1970, pp. 26-31. 

3 Browning, James S., and Paul E. Bennett. Ben- 
eficiation of Georgia Kyanite Ore. BuMines 
Rept. of Inv. 7376, 1970, 8 pp. . 

4 Prospective borrowers, who must have avail- 
able a 16-millimeter sound projector and an ex- 
perienced operator, should address applications 
for short-time loans as follows: 

Motion Pictures 

Bureau of Mines 

U.S. Department of the Interior 
4800 Forbes Avenue 

Pittsburgh, Pa. 15213 

5 Kusler, David J., and Robert G. Clarke. Im- 
pact of Changing Technology on Refractories 
Consumption. BuMines Inf. Circ. 8494, 1970, 68 
Pp. 
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texts described independent procedures by 
which alumina (or an alumina anteced- 
ent) can be extracted from a number of 
silicate mineral materials, among which 
andalusite and kyanite were specifically 
mentioned.é 

A patent also was granted for a kyanite- 
based ceramic batch mixture for the man- 
ufacture of high-quality and precisely di- 
mensioned electrical insulators.7 


635 


$ Iverson, H. G., and H. Leitch (assigned to 
U.S. Secretary of the Interior). Extraction of 
Aluminum Values From Albite, Anorthosite, 
Kyanite, Bauxite, or Other Low-Grade Siliceous 
oe or Rocks. U.S. Pat. 3,507,629, Apr. 21, 

Slatin, H. L. (assigned to Timax Associates). 
Production of Metallurgical Grade Alumina From 
Andalusite, Kaolin, Nephelite, Siliceous Bauxite, 
or Other Low-Grade Aluminiferous Ore. U 
Pat. 3,489,514, Jan. 13, 1970. 

7Elarde, V. D. (assigned to Ceram Corp., La 
Mesa, Calif.). Precision Tolerance Ceramic and 
Method of Preparing Same. U.S. Pat. 3,549,393, 
Dec. 22, 1970. 
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Lead 


By Donald E. Moulds! 


World production and consumption of 
lead increased to record levels in 1970. But 
although free world mine production in- 
creased about 5 percent, mainly in Canada 
and the United States, and metal produc- 
tion increased about 2 percent, the in- 
crease in metal consumption was modest 
and failed to use all of the available new 
supply. As production increases continued 
and a slackening of general business activ- 
ity began to affect consumer purchasing, 
the market underwent a sharp reversal 
from the one of short supply that persisted 
through most of 1969 and into the first 
half of 1970. Free world producer stocks, 
which had trended upward from a low of 
152,000 tons at the end of September 1969 
to 185,000 tons at the start of 1970, in- 
creased rapidly, except in September and 


October, to 303,000 tons at yearend. A. 


downward pressure on world price began 
in April 1970. The trend thereafter contin- 
ued with a resultant drop of 2.4 cents per 
pound (U.S. equivalent) in the London 
Metal Market monthly average price from 
the December 1969 high to December 1970. 

The domestic lead industry again 
achieved major production increases in 
spite of difficulties in marketing lead dur- 
ing the second half of the year. Mine pro- 
duction increased 12 percent to 571,800 
tons, mainly due to larger output from the 
new Missouri mines despite production 
curtailments at some mines in the second 
half of the year to reduce inventories. The 
production of 678,000 tons of primary lead 
was the largest output since 1929, and do- 
mestic mines contributed 84 percent of the 
primary lead metal. Secondary lead output 
of 597,000 tons was second only to the rec- 
ord 1969 output. The domestic supply of 
lead—primary, secondary, and imports— 
amounted to 1.52 million tons, 21,000 above 
that of 1969. 

The demand for lead declined in essen- 
tially all uses except transportation where 


battery and antiknock requirements in- 
creased about 2 percent, well below the 
prior growth rate. The total consumption 
of lead was 1.36 million tons, a decrease of 
28,800 tons from that of 1969. Battery use 
amounted to 44 percent of the total and 
gasoline additives, 20 percent. 

The surplus supply of lead became evi- 
dent early in the year as primary plant 
shipments began to lag behind production 
and as stocks at plants increased each 
month except September. Because the in- 
ventories of 25,700 tons at the beginning 
of the year were unsatisfactorily small, the 
87,100 tons held at the end of August were 
too large, and steps were taken by St. Joe 
Minerals Corp. and American Metal Cli- 
max Inc. to reduce production. Stocks, 
however, continued. to accumulate to a 
total of 97,900 tons at yearend. The sur- 
plus situation was also evident in the in- 
crease in consumer and secondary stocks 
from 126,000 tons to about 133,500 tons. 
Sales from Government stockpile to com- 
mercial accounts were negligible, only 22 
tons sold and shipped. Government trans- 
fers to Government plant uses, mainly for 
ammunition, amounted to 12,100 tons. The 
available domestic supply from all sources, 
including primary, secondary, net imports, 
and changes in commercial and Govern- 
ment stocks indicated an apparent con- 
sumption of 85,000 tons of lead in addi- 
tion to the reported consumption of 1.36 
million tons. 

The world price of lead, as indicated by 
the London Metal Exchange monthly aver- 
age, declined during the year from the De- 
cember 1969 high of 15.4 cents per pound 
to an average of 12.6 cents for December 
1970 and 13.8 cents for the year. The do- 
mestic price for common lead at New York 
held at the 16.5 cents per pound estab- 
lished on December 15, 1969, until reduced 


1 Physical scientist, Division of Nonferrous Met- 


als. 
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to 15.5 cents on July 8. Three successive 
reductions during the second half of the 
year brought the price to 13.5 cents on 
December 21. All of the producers did not 
follow immediately the reductions initiated 
by American Smelting and Refining Co. 
(ASARCO), and the actual pricing was 
confused by the indicated quotation range 
during most of the second half of the year. 

Legislation and Government Programs. 
—The domestic small lead and zinc mine 
assistance program, authorized under Pub- 
lic Law 89-239, was terminated on Decem- 
ber 31, 1969. Government participation in 
exploration, primarily for lead, had been 
withdrawn in June 1962. The program 
under the Office of Minerals Exploration, 
Geological Survey, U.S. Department of the 
Interior, continued to be active in explora- 
tion for other base-metal deposits often in 
association with lead and, also, in manag- 
ing repayments on production from pre- 
viously certified discoveries resulting from 
Government participation in projects au- 
thorized prior to June 1962. 

Sales of Government surplus lead from 
the strategic stockpile to commercial users 
under Public Law 91-46 decreased to 22 
tons from the 22,698 tons sold in 1969. 
Lead authorized for sale on an off-the-shelf 
basis to commercial users amounted to 
77,290 tons at the end of 1970. Transfers 
for Government use under authorization of 
Public Law 89-9 amounted to 12,064 tons 
in 1970, which was used primarily at Gov- 
ernment-owned ammunition plants. The 
remaining tonnage in the authorization 
was 28,562 at yearend. Actual depletion of 
the Government stocks during 1970 was 
12,117 tons leaving a total inventory of 
1,140,620 tons, of which 610,620 tons is in 
excess of the 530,000-ton stockpile objec- 
tive. 

In February legislation was introduced 
in the House and Senate to dispose of 
498,000 tons of surplus lead in Govern- 
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ment stocks. Hearings were held, but no 
further action was taken. 

In May, the Administration proposed a 
tax on lead used as a gasoline additive, 
which amounted to $4.25 per pound of 
lead. The levy on antiknock producers 
would amount to 2.3 cents per gallon of 
fuel containing 2.5 grams of lead. The tax 
was designed to encourage the public to 
use low-lead or unleaded gasoline to cur- 
tail air pollution. The proposed legislation 
was tabled by the House Ways and Means 
Committee. All Federal vehicles were, how- 
ever, ordered in late October to use un- 
leaded or low-lead gasoline whenever 
practical. 

The Internationa] Lead and Zinc Study 
Group convened in Geneva, Switzerland, 
for its 14th session on November 16. The 
Study Group sessions during November 
16-20 were preceded by meetings of the 
various subcommittees during the period 
November 11-15. A review at the statistical 
subsessions of the member Governments 
indicated that the continued expansion of 
lead production in 1970 and 1971 was well 
above anticipated consumption, with an 
indicated supply surplus of 220,000 tons in 
1970 and 150,000 tons in 1971. The Study 
Group also discussed liberalization of lead- 
zinc trade and environmental problems, es- 
pecially in use of lead and the need for 
increased attention to marketing and use 
development. Special groups were desig- 
nated to implement further study of the 
problems pointed out in the discussions, 

The International Lead-Zinc Research 
Organization, incorporated in 1965 by pro- 
ducers and consumers of lead and zinc, 
continued to sponsor a broad program of 
cooperative research on a worldwide basis. 
The program provides a global approach 
to ecological problems, process and mate- 
rial improvements, development of new 
products, and additional basic information. 
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Table 1.—Salient lead statistics 


(Short tons unless otherwise specified) 


1966 1967 1968 1969 1970 
United States: 
Production: 
Domestic ores, recoverable lead con- 
EENEG 327,368 316,931 359,156 509,013 571,767 
Value thousands.. $98,964 $88,741 $94,903 $151,635 $178,609 
. Primary lead (refined): 
From domestic ores and base 
¡A AAA ae 318,646 258,507 849,039 513,931 528,086 
From foreign ores and base bullion 122,089 121,387 118,271 124,724 138,644 
Antimonial lead (primary lead content) 11,182 9,083 19,494 16,250 11,655 
Secondary lead (lead content 572,834 553 , 772 550,879 608,905 597,390 
Imports, general: 
Lead in ore and matte 143,991 124,067 87,836 109,252 112,406 
Lead in base bullion. ..............- 2,012 569 8 1,993 296 
Lead in pigs, bars, and old 293,085 373,887 344,601 285,342 251,480 
Exports of lead materials excluding scrap - „435 6, 536 „281 , 968 „747 
Stocks December 31 (lead content): 
At primary smelters and refineries.... 115,473 125,479 90,427 101,860 192,985 
At consumer plants 90,306 105,786 78,900 126,404 133, 502 
Consumption of metal, primary and sec- 
OGRE eege 1,323,877 1,260,516 1,828,790 1,389,358 1,360,552 
Price: New York, common lead, average, 
cents per DOound. 15.12 14.00 13.21 14.93 15.69 
World: 
Production: 
EE 3,138,779 3,159,848 3,314,992 3,568,602 3, 750, 826 
Smelter l. 8 3,026,266 3,182,316 3,246,900 3,561,198 3,637,472 
Price: London, common lead, average, 
cents per pound. __. . . 44 11.87 10.28 10.88 13.09 13.76 
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Figure 1.—Trends in the lead industry in the United States. 


DOMESTIC PRODUCTION 


MINE PRODUCTION 


Domestic mine production of recoverable 
lead reached a monthly peak of 51,800 
tons in March and held at a high level 
throughout the year. The 571,800 tons pro- 
duced in 1970 was the largest total since 
1929, and the 47,600-ton monthly average 
indicated a 12-percent increase compared 
with 1969. Production from Missouri mines 
registered a gain of 66,300 tons compared 
with 1969, a 19-percent increase, as un- 
interrupted operations continued. The 
421,800 tons from Missouri represented 74 
percent of total domestic lead in ore. 


Idaho, the second largest producer, pro- 
vided 11 percent; Utah, 8 percent; and 
Colorado, 4 percent. These four States 
combined supplied 97 percent of domestic 
primary lead. | 

The "New Lead" belt in southeastern 
Missouri has more than tripled Missouri's 
lead production during the past 5 years, 
even though the 1970 total was reduced. 
During the second half of the year, St. Joe 
Minerals Corp. and Missouri Lead Operat- 
ing Co., a joint venture of American Metal 
Climax Inc. and Homestake Mining Co. 
curtailed production in order to reduce 
metal inventories. Due to a strike at 
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ASARCO's concentrate processing smelter 
that began on September 1 and continued 
through the remainder of the year, pro- 
duction at Ozark Lead Co., a subsidiary of 
Kennecott Copper Corp., also was reduced. 

The Fletcher mine of St. Joe Minerals 
Corp. was the leading lead producer in 
1970, and the five leading mines, all in 
Missouri, contributed 64 percent of the 
total domestic mine production. The 10 
leading mines produced 86 percent, and 25 
mines contributed 97 percent. 

Although production was curtailed about 
14 percent during the second half of the 
year, St. Joe Minerals Corp. produced 
318,400 tons of lead concentrate and 206, 
300 tons of lead and lead alloy during 
the year, essentially all from company 
mines. Portions of the old Federal mines 
were closed during the year owing to de- 
pletion of reserves. The first phase of the 
new Brushy Creek development was com- 
pleted, and the mine shaft was down the 
initial 550 feet of the planned 1,391 feet.2 
The plant when completed in January 
1973 will be a duplicate of the efficient 
Fletcher mine and will cost about $19 mil- 
lion. 

The Ozark Lead Co. produced 66,900 
tons of lead, compared with 41,200 tons in 
1969. The strike at the Glover smelter ne- 
cessitated the stockpiling of concentrates 
and reduction of mining operations during 
the last 4 months of the year. The total 
production of lead by Kennecott from 
both Missouri and Utah mines was 83, 700.3 

According to the 1970 annual report of 
American Metal Climax, Inc.,4 the first 
full year of production at the Missouri 
Lead Operating Co’s. Buick mine resulted 
in the mining and milling of 941,000 tons 
of ore from which 75,000 tons of lead con- 
centrate was produced. Lead output was 
more than triple the 1969 output, al- 
though a production cutback of 10 per- 
cent was in effect during the fourth quar- 
ter. 

The Magmont mine at Bixby, Mo., a 
joint venture of Cominco American Inc. 
and Dresser Industries Inc., also increased 
lead production by approximately 37 per- 
cent compared with 1969. 

Idaho, the second largest State in out- 
put, posted a 4,400-ton reduction compared 
with 1969. The Page mine, which pro- 
duced 3,600 tons in 1969, was closed in 
October of that year. Production at the 
Bunker Hil] and Star mines increased, and 
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a new mining method utilizing ramps and 
trackless equipment was initiated at the 
Bunker Hill mine. Output of the Lucky 
Friday mine owned by the Hecla Mining 
Co., continued at a stable rate; however, 
output by Day Mines, Inc., decreased owing 
to the closure of the mine in July and 
August for mine development and repair. 
A great effort continued in deep and 
lateral development of the Coeur d'Alene 
mining district by ASARCO, Bunker Hill 
Co., Hecla Mining Co., and Day Mines, Inc. 

Lead output in Utah increased slightly 
in 1970. The Mayflower mine of Hecla 
Mining Co., United Park City Mines Co., 
and the mines of United States Smelting 
Refining & Mining Co. all reported re- 
duced lead production compared with 
1969. The Tintic Division of Kennecott 
Copper Corp., however, approximately 
doubled the metal output of 1969 despite 
continuing adverse mining conditions and 
a shortage of qualified miners at the Bur- 
gin and Trixie mines. Development work 
at the Trixie and Ball Park areas contin- 
ued, and installation of additional pump- 
ing capacity at the Burgin mine continued 
to lower the ground water table.5 

ASARCO and The Anaconda Company 
in a joint venture with United Park City 
Mines Co. have agreed to spend at least 
$2.5 million in the next 2 years to explore 
the mineral potential of this famous old 
Park City, Utah, silver-lead-zinc mining 
district. 

Colorado also reported a slight increase 
in lead output, despite some reverses. Ore 
mined by the Idarado Mining Co. de- 
creased from 403,500 tons in 1969 to 
349,200 tons with a corresponding decrease 
in metal produced. A continuing and wors- 
ening shortage of skilled and semiskilled 
manpower was the major cause of the de- 
cline. In the last quarter of 1970 a sub- 
level stopping method was initiated in cer- 
tain areas using multidrill jumbos and 
trackless equipment in an effort to im- 
prove productivity. Construction and devel- 
opment was continued throughout 1970 at 
the Leadville Unit, a joint venture of 
Newmont Mining Corp. and ASARCO at 
Leadville, Colo. Completion of the 700- 
ton-per-day plant is scheduled early in 


2St. Joe Minerals Corp. Annual Report. 1970, 


pp. 5, 24. 
3 Kennecott Copper Corp. Annual Report. 1970, 


p. 13. 

4 American Metal Climax, Inc. Annual Report. 
1970, p. 7. 

5 Page 13 of work cited in footnote 3. 
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1971. Ore reserves are estimated at 2.4 mil- 
lion tons averaging 5.13 percent lead, 9.95 
percent zinc, and 2.64 ounces of silver per 
ton.6 The New Jersey Zinc Co., Rico Ar- 
gentine Mining Co., Homestake Mining 
Co., Keystone Mines Co., and Federal Re- 
sources Corp. operated mines in Colorado 
that supplied lead concentrates during the 
year. 

The Van Stone mine of ASARCO at 
Northport, Wash., was closed in December 
upon exhaustion of ore reserves. The 
Ground Hog mine near Silver City, N. 
Mex., and the flotation mill at Deming, N. 
Mex., was reopened in 1969 by ASARCO 
and produced 3,174 tons of lead in concen- 
trates during the year. Eagle-Picher Indus- 
tries, Inc. closed its operations in the Tri- 
State area, including the Central Mill in 
November. The lllinois-Wisconsin opera- 
tions of Eagle-Picher continued during the 
year, although lead output was reduced 
compared with 1969. The Illinois operation 
of Ozark-Mahoning Co. more than doubled 
lead output in 1970. In the eastern area, 
the Balmat mine of St. Joe Minerals Corp. 
in New York and the Virginia operation of 
The New Jersey Zinc Co. were the large 
producers of lead. 


SMELTER AND REFINERY PRODUCTION 


The increased availability of primary 
lead in domestic and foreign ores provided 
the base for a 4-percent increase in refined 
lead output, in spite of a curtailment in 
production of lead in concentrates at some 
domestic mines. St. Joe Minerals Corp., 
Missouri Lead Operating Co., Ozark Lead 
Co. and ASARCO, although that was due 
to a labor strike that was due to closure of 
the Glover smelter on September 1. The 
666,700 tons of primary refined lead was 
the largest total since 1929 and the seventh 
largest in the history of the domestic in- 
dustry. Over 79 percent was derived from 
domestic ores, compared with 80 percent 
in 1969. An additional 4,400 tons was re- 
fined from scrap. Production of antimonial 
lead was reduced for the second successive 
year with only 19,300 tons of lead re- 
covered, of which 7,600 tons originated 
from scrap, 8,800 tons from domestic ores, 
and 2,800 tons from foreign ores. Of spe- 
cial interest was the reduction of the anti- 
mony in the antimonial lead from 8.4 per- 
cent in 1969 to 5.8 percent, thus 
confirming the industrial trend of using 
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less antimony in batteries and other anti- 
monial lead uses. 

The Herculaneum smelter of St. Joe 
Minerals Corp. produced 196,600 tons of 
lead metal and alloys from 318,420 tons of 
lead concentrates produced from company 
mines and 52 tons of purchased raw mate- 
rials. Output was 12 percent below the 
1969 total because of scheduled production 
reductions. A wide variety of technical and 
equipment improvements were made dur- 
ing the year to improve the efficiency and 
environmental aspects of smelter operation.’ 

The Missouri Lead Operating Co. smelter 
at Buick, Mo., owned jointly by Amax and 
Homestake Mining Co., produced 115,000 
tons of refined lead, of which 50,000 tons 
originated at the company’s mine and 65,000 
tons was refined on toll for other producers.8 

ASARCO's Glover, Mo., smelter and re- 
finery operated until September 1 when 
closed by a labor stoppage which contin- 
ued into 1971. The East Helena, Mont., 
smelter of ASARCO, one of the largest cus- 
tom lead smelters, processed crude ores 
and concentrates coming from approxi- 
mately 60 small Montana mines, as well as 
from mines in Canada, Idaho, Utah, Colo- 
rado, Australia, and South America. The 
firm's Omaha refinery processed lead bul- 
lion from the East Helena and El Paso 
smelters. In July ASARCO announced that 
its Selby, Calif., smelter-refinery would be 
closed after 85 years of continuous opera- 
tion, and production was phased out in an 
orderly fashion by the end of the year. 
Selby produced over 3 million tons of lead, 
40 million ounces of gold, and 100 million 
ounces of silver during its many years of 
operation. Extensive efforts in the environ- 
mental field were made by ASARCO at all 
their plants during the year to improve 
stack emissions and meet local air purity 
regulations. Production at ASARCO refin- 
eries during 1970 amounted to almost 
226,000 tons of lead, compared with 
207,300 tons in 1969.9 

The Bunker Hill lead smelter-refinery of 
Gulf Resources & Chemical Corp. at Kel- 
logg, Idaho, produced 123,000 tons of lead 
during the year; this amount was slightly 
below the 1969 level. The new updraft sin- 


6 Newmont Mining Corp. Annual Report. 1970, 
pp. 7-9. 
7 Pages 8-24 of work cited in footnote 2. 


8 Page 7 of work cited in footnote 4. 
® The American Smelting and Refining Co. An- 


nual Report. 1970, pp. 11-18. 
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ter machine for lead ores was placed in 
operation in the fourth quarter of the year 
and replaces 10 downdraft machines that 
had been in service for almost 50 years. 
The new updraft machine will improve 
both sinter quality and sulfur recovery 
from stack gases.10 

International Smelting & Refining Co., a 
subsidiary of The Anaconda Company, 
processed custom lead concentrates, of 
which about 12,000 tons of lead came from 
Anaconda and 26,100 tons of lead in bul- 
lion from other mines under contract. 11 
The lead bullion was refined by the United 
States Lead Refinery, Inc. in East Chicago, 
Ind. A relatively small tonnage of primary 
lead was refined by Schuylkill Metals Corp., 
Baton Rouge, La., primarily a secondary 
smelter. 


Antimonial lead from primary ores and 
scrap was produced by ASARCO at its 
Omaha and Selby plants, Bunker Hill Co., 
St. Joe Minerals Corp., and United States 
Lead Refinery Inc. The total of 19,800 
tons was well below the 1969 output. 


Secondary lead production in 1970 de- 
creased 1 percent to 597,400 tons, com- 
pared with the record 603,900 tons in 1969. 
Secondary plants and foundries contributed 
585,400 tons, or 98 percent of the total. 
The type of material produced indicated a 
decreasing market for various alloys and 
that only 15 percent of total secondary 
production is required. Soft lead amounted 
to 27 percent and antimonial lead 58 per- 
cent of the total production. 


The expansion in domestic primary lead 
production has decreased the secondary 
component of domestic supply from 53 
percent in 1968 to 49 percent in 1969 and 
to 47 percent in 1970. Secondary lead con- 
stituted 39 percent of the domestic 1.52 
million-ton new supply of lead, including 
metal imports but excluding all stock 
changes. The recycling of lead has been 
significant in the resource utilization area, 
and, with increasing ecological pressure, 
collection and utilization of lead scrap has 
maintained a high position in resource re- 
cycling. 


RAW MATERIAL SOURCE 


Recoverable lead in concentrates deliv- 
ered by domestic mines to smelters in 1970 
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contributed 571,800 tons, about 83 percent 
of the plant production of 690,400 tons of 
primary refined and antimonial lead, com- 
pared with 79 percent in 1969 and 74 per- 
cent in 1968. Lead in imported concen- 
trates smelted during the year amounted 
to 141,500 tons, the largest input of for- 
eign material since 1964 and an increase of 
9 percent compared with 1969. The 12,000 
tons of lead recovered from lead scrap 
processed at primary plants was slightly 
above the 1969 total but constituted less 
than 2 percent of the total lead from pri- 
mary plants. Raw material stocks at the 
beginning of the year at primary plants 
amounted to 162,400 tons, of which 58,800 
tons was in process and 3,600 tons was in 
secondary materials. Total stocks reached a 
low of 155,000 tons at the end of June and 
a high of 179,400 tons at the end of Octo- 
ber. At yearend, stocks of primary mate- 
rials awaiting processing contained 100,200 
tons of lead; material in process, 71,500 
tons; and secondary materials, 2,600 tons. 
This makes a total of 174,300 tons of lead. 


Scrap materials consumed in 1970 
amounted to 786,200 tons, compared with 
797,800 tons in 1969. New scrap in the 
form of purchased drosses and residues 
from a wide variety of sources amounted 
to 121,800 tons, 15 percent of the total 
feed. The remainder, old scrap, was pre- 
dominantly battery scrap with small 
amounts of cable lead, babbitt, solder, type 
metal, and soft and hard lead. The scrap 
processed was essentially all from domestic 
sources. Export of scrap by the United 
States in 1970 amounted to 4,200 tons, 
compared with 2,300 tons in 1969. General 
import of reclaimed scrap was 6,900 tons 
(lead content) mainly from Australia, 
Canada, and Mexico. Of this amount only 
3,000 tons was entered for consumption 
during the year. Stocks of scrap at smelters 
held reasonably steady during the year. À 
low of 67,000 tons occurred at the end of 
June prior to the seasonal vacation period, 
but the year ended at 73,300 tons, com- 
pared with 73,600 tons at the start of the 
year. 


10 Gulf Resources & Chemical Corp. Annual 
Report. 1970, p. 12. 

1 The Anaconda Company. 
1970, p. 6. 


Annual Report. 
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CONSUMPTIÓN AND USES 


Lead requirements during the first 6 
months of 1970 continued at the record 
levels of 1969, and the January-June total 
of 701,300 tons was about 1.6 percent 
above the 690,200 tons used in the same 
period in 1969. The second 6 months, 
however, was disappointing; only 659,300 
tons was reported consumed. The total re- 
ported consumption for 1970 was therefore 
1.36 million tons, a 2-percent drop from 
the record 1.39 million tons reported dur- 
ing 1969. All products except batteries and 
antiknock additives required lesser amounts 
of lead. The 10,900-ton increase in battery 
lead and 7,400-ton increase in antiknock 
additive requirements represented the only 
significant growth areas for lead in recent 
years. The growth in battery requirements 
was 1.9 percent, and growth in antiknock 
additives was 2.7 percent. However, 1970 
was disappointingly below the 1969 growth 
of 13.4 percent for batteries and 3.5 per- 
cent for antiknock additives. The down- 
trend in requirements for all of the other 
metal products, pigments, and miscella- 
neous and other uses continued in varying 
degrees in 1970. 

Requirements exceeded 100,000 tons dur- 
ing each month. The high occurred in 
March instead of the usual peak in Octo- 


ber; as usual, the low occurred in July. 


The daily average of 3,728 tons was 78 
tons below the record 3,806 tons in 1969. 
Soft refined lead represented 67 percent of 
the total, and hardened antimonial lead 
represented 28 percent. Lead in other al- 
loys, mainly solder and bearing metals, was 
4 percent. Lead in copper-base scrap, 1 
percent, is recovered from old material and 
returned as marketable brass and bronze. 
About 35,200 tons of lead in scrap was re- 
covered and used directly at foundries in 
end products and 1,200 tons of lead was 
consumed in leaded zinc oxide and other 
pigments. 

The domestic supply of lead metal from 
all sources—production, imports for con- 
sumption, stock changes, and stockpile 
shipments—totaled 85,000 tons above the 
‘amount accounted for by reported con- 
sumption and exports. The unaccounted 
for supply in 1970, amounting to 6 percent 
of the reported consumption, compares 
with 108,000 tons in 1969 and annual aver- 
age of 63,500 tons for the 1963-69 period. 
The difference in totals is presumed to be 


in unreported .consumption and stock 
buildup especially at small users and deal- 
ers who do not report to the Bureau of 
Mines. 

Consumption of lead during the 10-year 
period 1961-70 has presented a shifting 
growth pattern. The total average annual 
growth of 2.9 percent resulted primarily 
from the large-tonnage transportation sec- 
tor, which showed a growth of 5.3 percent 
per year for batteries and gasoline anti- 
knock compounds. Ammunition, solder, cast- 
ing metals, collapsible tubes, and foil have 
also shown growth during the period. The 
communication and construction use of 
lead in cable covering, type metal, calking, 
plumbing, and sheet have declined signifi- 
cantly in tonnage. In the pigment area the 
use of lead in decorative paints (such as 
white lead and colors) has declined, but 
in anticorrosive and highway safety use (as 
red lead and lead chromates) a modest 
growth has occurred. Lead used for ballast 
and weights averaged a 5.9-percent growth, 
mainly in shipbuilding. The use of lead in 
products in terms of percentage of the 
total in 1960 was as follows: Ammunition, 
4 percent; metal products, 32 percent; bat- 
teries, 35 percent; pigments, 10 percent; 
chemicals including antiknocks, 16 per- 
cent; and miscellaneous, 3 percent. During 
1970 the comparative percentages were as 
follows: Ammunition, 5 percent; metal 
products, 21 percent; batteries, 44 percent; 
pigments, 7 percent; chemicals including 
antiknocks, 20 percent; and miscellaneous, 
3 percent. 


LEAD PIGMENTS 


Production of lead oxides and pigments 
required 386,200 tons of lead in 1970, a 2- 
percent increase compared with that of 
1969. All of the lead used was derived 
from refined pig lead except for the lead 
in leaded zinc oxide which was derived di- 
rectly from foreign and domestic ores. The 
requirements, for lead in making pig- 
ments, mainly white lead and red lead, de- 
creased almost 13 percent and comprised 
only 7 percent of the lead consumed in 
this category. White lead in all products 
in 1970 amounted to about one-half the 
quantity used in 1960. Use of red lead has 
been slightly more stable, remaining at 
about the 1960 consumption level of 22,600 
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tons. Litharge requirements for ceramic 
glazes and in oil refining increased slightly. 
The largest use of litharge is in battery 
manuíacture included in “Other.” This 
category has increased from 75,700 tons in 
1960 to 118,000 tons in 1970. 

Shipments of white lead and red lead 
were again below production, indicating 
reduced demand for lead-base paints. Ship- 
ments of litharge were, however, 14,000 
tons above production and indicated a 
continued drawdown of stock. 


Prices.—The quoted price of lead pig- 
ments was relatively stable during the year 
compared with the downward trend in the 
price of lead which decreased 3 cents per 
pound during the second half of the year. 
The price of basic carbonate white lead 
was reduced on January 5 from 22.3 cents 
per pound to 21.5 cents per pound in car- 
load lots, freight allowed, and continued at 
that price for the remainder of the year. 
The price of red lead, 95 percent red-lead 
oxide (Pbz04) in carload lots, at works, 
was reduced on July 20 from 19.75 cents 
per pound to 18.75 cents and again to 
17.75 cents on September 14. Commercial 
grade litharge, powdered, in carload lots, 
at works, quoted at 19 cents per pound at 
the beginning of 1970 was reduced to 18 
cents on July 20 and remained at that 
level for the rest of the year. 

The value of shipments of white lead, 
red lead, and litharge amounted to $60.7 
million, an average of $348 per ton in 
1970, compared with $57.6 million and 
$342 per ton, respectively, in 1969. 
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Foreign Trade.—Exports of pigment- 
grade lead oxides amounted to 1,516 tons 
valued at $649,000, and exports of lead ox- 
ides other than pigment grade was 363 
tons valued at $303,000. Shipments were 
made to more than 50 countries. South 
Vietnam, France, Republic of South Africa, 
Canada, and the United Kingdom were the 
leading importers of pigment-grade lead 
oxide, accounting for 53 percent of the 
total. South Vietnam and West Germany 
together imported 64 percent of the 363 
tons of nonpigment-grade oxide. 

Imports for consumption of lead oxides 
and compounds decreased 30 percent to 
22,600 tons. Value decreased 27 percent, 
$2.1 million down from last year’s total. 


The only increase was in the amount of 


red lead received; the major decrease was 
as litharge, which showed nearly a 10,300- 
ton drop. Import of lead alloys, while 
posting a significant decrease in gross 
weight and value, posted an increase of 
169 tons in lead content. Mexico was the 
largest supplier with 87 percent of the 
tonnage, mainly as red lead and litharge. 
Canada, the United Kingdom, and West 
European countries provided essentially all 
of the remaining tonnage. Imports of lead 
nitrate amounted to 323 tons; lead acetate, 
14 tons; white lead, 985 tons; lead sulfate, 
120 tons; red lead, 6,909 tons; lead subox- 
ide, 69 tons; litharge, 13,703 tons; orange 
mineral, 1 ton; leaded zinc oxide, 149 tons; 
and other lead compounds 318 tons. 


STOCKS 


Primary plant inventories of refined and 
antimonial lead at the end of 1969 totaled 
25,700 tons, of which 21,300 tons was re- 
fined pig lead. Production exceeded ship- 
ments during each month of 1970 except 
September, and a buildup of stocks 
reached 97,900 tons by the end of the year. 
Of the total, 90,900 tons was refined pig 
lead. Stocks of base bullion decreased 
about 1,000 tons during the year, but ore 
and matte stocks increased about 20,000 
tons. In addition to concentrate stocks at 
smelters, concentrate stocks were held at 
some Missouri mines owing to the labor 


stoppage at the Glover smelter of 
ASARCO. 

Stocks of lead in all forms at consumer 
and secondary smelting plants gradually 
increased during the year. One reporting 
consumer revised the stock figure in De- 
cember for the period from September 
1968 to December 1970. Revised inventories 
indicated an increase from 126,400 tons at 
the beginning of the year to 133,500 tons 
at yearend, of which 88,100 tons was lo- 
cated at consumers. Refined soft lead con- 
stituted 62 percent of the inventory, com- 
pared with 53 percent of the revised total 


in 1969. 
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PRICES 


The high level demand for lead at the 
beginning of 1970 was drastically altered 
by the uncertainty created early in the 
year, resulting from environmental actions 
related to the use of lead in gasoline and 
design proposals for automotive engines to 
operate on lead-free or low-lead gasolines. 
The uncertainty was reflected in a down- 
ward drift in London Metal Exchange 
price from a high of 15.77 cents per pound 
on February 19 to 11.86 cents on December 
30. 

The domestic market was also affected 
by the general slowdown in industrial ac- 
tivity and accompanying reduction in con- 
sumer inventories, The expanded domestic 
output of refined lead thus began accumu- 
lating at producer plants in the second 
quarter and on July 8 ASARCO reduced 


the price of common lead at New York 
from 16.5 cents per pound to 15.5 cents 
per pound. This action was followed by 
all domestic producers. On August 7, 
ASARCO initiated a price of 15 cents, 
which was confirmed by all producers by 
August 11. On September 2, ASARCO an- 
nounced a price of 14.5 cents per pound. 
Other producers, however, did not confirm 
the lower price and a book price range of 
14.5 to 15 cents was in effect until Decem- 
ber 21 when ASARCO announced a price 
of 13.5 cents per pound. Other producers 
again took no public action. Most of the 
domestically produced lead was sold at the 
Metals Week average published by Mc- 
Graw-Hill, and the lower ASARCO price 
was the top consumer bid for lead. Dis- 
counting below that average was reported 
for some sales. 


FOREIGN TRADE 


Exports of lead materials during 1970 
aggregated almost 12,000 tons valued at 
$5.8 million, compared with 7,300 tons val- 
ued at $4.4 million in 1969. Exports of 
metal averaged slightly over 300 tons 
monthly for the period January-April. A 
large tonnage, 2,400 tons, was shipped in 
May, and shipments averaged 580 tons 
monthly during the June-December pe- 
riod. Unwrought lead and lead alloys 
amounted to 5,000 tons shipped principally 
to Spain, Canada, and India. Wrought lead 
and lead alloys amounted to 2,800 tons de- 
livered mainly to the Netherlands, Turkey, 
Canada, Venezuela, and Mexico. Exports of 
scrap during 1970 was over 4,200 tons val- 
ued at more than $1 million. Shipments 
reached a high of 1,000 tons in November, 
and Italy, Canada, Belgium-Luxembourg, 
and the United Kingdom were the princi- 
pal purchasers of scrap. 

Imports of lead materials continued to 
decrease in tonnage and totaled 364,200 
tons in 1970. Owing to the higher average 
price however, value increased to $99.8 
million. Receipts of lead in. ores was about 
3,000 tons above the 1969 total, but metal 
receipts decreased to 244,600 tons, com- 
pared with 338,000 tons in 1968 and 
278,400 tons in 1969. Essentially all of the 
metal was entered duty-paid for consump- 


tion. Delivery of lead in ore and bullion, 
however, exceeded lead ore and bullion 
entered duty-paid for consumption by 
68,900 tons, indicating a major buildup of 
lead ores in bond. During the supply 
shortage period of 1967-69, duty-paid en- 
tries of ore exceeded general deliveries by 
35,200 tons, thus demonstrating the draw- 
down of bonded stocks accumulated, espe- 
cially in 1966. Canada continued to be the 
leading supplier of lead in ore with 37 
percent of the total, followed by Australia, 
Peru, and Honduras. Canada was also the 
leading metal supplier with 26 percent of 
the total, followed by Peru, 21 percent; 
Australia, 21 percent; Mexico, 16 percent; 
and Yugoslavia, 8 percent. Australia, Can- 
ada, and Mexico were also the significant 
suppliers of lead-bearing scrap material. 

It is noteworthy that during the 1957-61 
period imports for consumption averaged 
186,709 tons per year of lead in ore and 
279,400 tons of lead metal for an average 
total of 466,100 tons. The 1966-70 average 
was 92,600 tons of lead in ore and 302,100 
tons of lead metal for a total of 394,700 
tons. The decrease in lead ore imports re- 
flects the rising availability of domestic 
ores for smelting and also the rising self- 
sufficiency of the domestic lead industry. 
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WORLD REVIEW 


Published statistics on the world lead 
industry differ in reporting base, reporting 
source, and scope of estimating. The Bu- 
reau Of Mines reports indicate the basis, 
insofar as possible, used for each country; 
Bureau reports also depend largely on 
Gavernmental information. The Interna- 
tional Lead and Zinc Study Group reports 
also use Governmental data but ore-con- 
tent is the base used. The American Bu- 
reau of Metal Statistics (ABMS) relies to a 
large extent on company and industry as- 
sociation sources. Therefore, free world 12 
mine production of lead ranged from the 
Bureau of Mines total of 2.81 million tons 
and through the Lead and Zinc Study 
Group preliminary total of 2.80 million 
tons, to the ABMS total of 2.74 million 
tons. In addition, the Bureau of Mines es- 
timated production in Communist coun- 
tries, excluding Yugoslavia, at 934,000 tons, 
and the world total, 3.75 million tons. 
Smelter output of lead is reported by the 
Bureau of Mines as primary output, inso- 
far as possible, whereas the Lead and Zinc 
Study Group reports metal output from 
both primary and secondary sources. Free- 
world smelter output in 1970 thus ranged 
from the Study group preliminary total of 
3.64 million tons through the ABMS total 
of 3.0 million tons to the Bureau of Mines 
total of 2.72 million tons. In addition the 
Bureau of Mines estimated 914,000 tons of 
metal produced in the Communist coun- 
tries, (excluding Yugoslavia), to provide a 
world total of 3.64 million tons of primary 
lead. 

The Uni:ed States continued to be the 
leader in mine production of lead, with 15 
percent of the world total, followed by 
Australia and the U.S.S.R, Canada, Mexico, 
Peru, and Yugoslavia were other leading 
world producers with over 100,000 tons of 
lead in ore mined; these seven countries 
produced 65 percent of the world total. 
The increase in free world output of 5.1 
percent came mainly from mines in the 
United States and Canada. The North 
America area increase amounted to 13 per- 
cent, and the 1.18 million tons represented 
42 percent of the free world total and 32 
percent of the estimated world total. 

The United States also continued to be 
the leading producer of primary lead 


metal as well as secondary lead. The 
U.S.S.R. was again in second place fol- 
lowed by Australia, Japan, Canada, Mex- 
ico, France, West Germany, Yugoslavia, 
and Belgium. These 10 countries each pro- 
duced over 100,000 tons and together ac- 
counted for 72 percent of the world total. 
The North America area accounted for 38 
percent of the free world metal output 
and 29 percent of the estimated world out- 
put (excluding U.S. secondary produc- 
tion). The increase in free world output 
amounting to 2 percent was mainly in the 
United States, Canada, France, Japan, and 
Australia. Secondary production in the free 
world was estimated at 800,000 tons, of 
which the United States accounted for al- 
most 580,000 tons. This secondary output 
is included in the smelter output of some 
countries, particularly France, Japan, and 
West Germany. 

Consumption of lead metal, including 
primary and secondary, as indicated by the 
Lead and Zinc Study Group preliminary 
totals for the free world, amounted to 3.5 
million tons, an increase of 2.9 percent or 
99,200 tons above the 1969 total. Europe 
and Asia accounted for the increase; Aus- 


tralia and North America posted a de- 


crease. The Lead and Zinc Study Group 
free world comparative statistics on metal 
production and consumption reflect a sup- 
ply surplus of 95,000 tons in 1970 and 
122,000 tons in 1969. This was reflected in 
a rise in producer stocks of 22,000 tons in 
1969 and 118,000 tons in 1970. 

Argentina.—Compánía Minera Aguilar, 
S.A., a subsidiary of St. Joe Minerals 
Corp., completed a major expansion of 
mine and mill facilities and produced 
46,662 tons of lead concentrates during the 
year, essentially at the 1969 level of 
output.13 | 

Australia.—Sixty-two percent of the lead 
mined in Australia originates at Broken 
Hill area mines, which are operated by 
four major companies, and 33 percent 
comes from Mount Isa Mines, Ltd. The re- 
mainder comes from mines in Tasmania, 3 
percent, and the remainder from several 
small scattered mines. 


12 As used throughout this chapter, “free 
world” implies all noncommunist countries plus 
Yugoslavia. | 

13 Page 12 of work cited in footnote 2. 
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Mount Isa Mines Ltd. 52.7-percent 
owned by ASARCO, continued to expand 
production. During the fiscal year ending 
June 28, 1970, the quantity of ore treated 
increased almost 20 percent: The mine 
achieved an 18,000-ton-per-day rate, and 
annual lead output reached 168,400 tons 
an increase of 28 percent compared with 
the prior 12 months. Ore reserves were in- 
creased to 58.2 million tons of primary sil- 
ver-lead-zinc ore compared with the pre- 
viously reported 50.4 million tons. In 
addition, 134.4 million tons of 3-percent 
copper ore was estimated as reserves. Fur- 
ther expansion at Mount Isa is planned 
for the lead smelter, and additional refin- 
ing facilities to process ore from the Hil- 
ton mine are being provided. Starting in 
1976, production from the Hilton mine, is 
expected to bring the annual lead output 
from Mount Isa Mines’ two properties to 
313,000 tons per year. Reserves at the Hil- 
ton mine have been estimated at 39.2 mil- 
lion tons of silver-lead-zinc ore averaging 
7.7 percent lead.14 

Operations at Broken Hill area mines 
improved slightly during the fiscal year 
ending June 30 as the labor situation per- 
mitted increased working time. Production 
of lead from these mines with the excep- 
tion of the New Broken Hill Consolidated 
Ltd. is smelted at the Port Pirie plant of 
the Broken Hill Associated Smelters Ltd.; 
production of metal amounted to 180,000 
tons, slightly above that of previous years. 

St. Joe Minerals Corp. and Phelps Dodge 
Corp. announced discovery of a deposit of 
massive sulfides with a substantial lead- 
zinc-silver-copper content at their joint 
venture in New South Wales. 

Expansion at the Electrolytic Zinc Co. of 
Australasia Ltd. mines and mill in Tas- 
mania was underway with the expectation 
of doubling production by mid-1971. 

Burma.—Almost all metal production 
comes from mines run directly by the Gov- 
ernment's Myanma Bawdwin Corp., whose 
central operation is the Bawdwin mine at 
Namtu, Northern Shan State. Significant 
production also is reportedly coming out 
of the Bawsaing mines and the Yadana 
Theingi mines in Northern Shan State. 
Lead concentrates produced in 1970 
amounted to 16,200 tons, yielding 10,000 
tons of refined and antimonial lead. 

Canada.—Mine production of lead in 
1970 increased over 19 percent to almost 
395,000 tons; this was due mainly to the 


first full year of operation by Anvil Min- 
ing Corp. Ltd. in the Yukon Territory. 
Reserves at the Anvil mine have been cal- 
culated at 63 million tons, averaging 3.4 
percent lead and 5.7 percent zinc. The re- 
mainder of the increase came largely from 
expanded operations at the Heath Steele 
Mines, Ltd., in New Brunswick. The Anvil 
mine and the startup of production at 
Venus Mines Ltd. provided the Yukon 
Territory with a lead output of about 
69,000 tons. Northwest Territories was the 
leading Canadian lead-producing area, with 
110,000 tons. Pine Point Mines, Ltd., was 
again the leading producer in the North- 
west Territories, with an increase in output 
comparable to that of 1969. Exploration in 
the Nahanni Mining District by Cadillac 
Explorations Ltd. reportedly indicated re- 
serves of about 2 million tons of lead- 
zinc-silver ore averaging 11 percent lead 
and 13 percent zinc. 

Cominco Ltd. operating the Sullivan 
mine at Kimberley and the Bluebell mine 
at Riondel, both in British Columbia, pro- 
vided 110,200 tons of lead in concentrates 
during 1970. Cominco also operates the 
Trail smelter and refinery, treating com- 
pany and custom ores from several western 
mines. 

Brunswick Mining and Smelting Corp. 
Ltd. continued to be the leading lead pro- 
ducer in New Brunswick, accounting for 
about 65 percent of that Province's esti- 
mated 62,000 tons of lead. Heath Steele 
Mines, Ltd., began operation of its ex- 
panded facilities early in 1970. East Coast 
Smelting and Chemical Co. Ltd. at Belle- 
dune, New Brunswick, a subsidiary of 
Brunswick Mining and Smelting Corp., 
continued operation of its Imperial smelter 
and associated refining facilities. 

The ASARCO Buchans Unit in New- 
foundland produced about 20,200 tons of 
lead. Byproduct lead from Hudson Bay 
Mining and Smelting Co. Ltd., Ecstall 
Mining Ltd., a subsidiary of Texas Gulf 
Sulphur Co., Nigadoo River Mines Ltd., 
and other small mines provided about 
20,000 tons of Canada’s total lead output. 

Output of primary refined lead showed 
about a 10-percent increase to 205,000 
tons. Export of lead in ores and concen- 
trates principally to Japan, United States, 
West Germany, and Belgium were almost 
doubled in 1970. 


14 Page 14 of work cited in footnote 9. 
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France.—Output of lead and zinc have 
shown opposing trends with lead increas- 
ing and zinc decreasing. Closure of the 
high-zinc Pierrefitte mine in May 1969 and 
expansion of the high-lead Largentiére 
mine caused the change in the output pat- 
tern. | 

Honduras.—The . El Mochito mine of 
New York and Honduras Rosario Mining 
Co. increased ore output 9.2 percent above 
the 1969 level. The lead content of lead 
and zinc concentrates amounted to 16,568 
tons, a record for the mine. The increase 
resulted from completion of major expan- 
sion projects at the mine and mill. Addi- 
tional mill and mine improvement was in 
progress at yearend. Exploration and devel- 
opment increased ore reserves by 16 per- 
cent during the year and marked the sixth 
consecutive year of increase in ore reserves 
at the mine.15 

ASARCO Exploration. Co. of Canada in 
a joint venture with New York and Hon- 
duras Rosario Co. began driving a 2-mile 
tunnel] to reach projections of ore shoots at 
the old Rosario mine. 

India.—India, with only one domestic 
producer, is dependent on imports of lead. 
Hindustan Zinc may build a new 10,000-ton- 
per-year lead smelter in the Sundergarh 
District of Orissa State following location 
of an ore deposit at Sargipalli estimated to 
contain 4.6 million tons of ore, averaging 5 
to 6 percent lead. These reserves would 
supply the smelter for nearly 20 years. The 
Orissa Industrial Development Corp. is 
making a detailed study of the district 
potential. Hindustan Zinc was studying the 
possibility of modernizing and expanding 
its Tundoo lead smelter. Currently annual 
production is about 2,500 tons of lead, well 
below the 6,000-ton rated capacity, owing 
to obsolete equipment and low-lead con- 
tent of the concentrates from its Zawar 
mines at Debari in Rajasthan. 

Ireland.—The two large mines in Ire- 
land supplied over 65,000 tons of lead in 
1970. Continued exploration by subsidiaries 
of Northgate Explorations, Ltd., and Sil- 
vermines, Ltd., has encountered mineraliza- 
tion in County Meath and County Tipper- 
ary. Smelter Corp. of Ireland, a subsidiary 
of Northgate Exploration, Ltd., was study- 
ing the feasibility of building a $36 mil- 
lion smelter in Ireland to process the 
lead-zinc concentrates now being shipped 
to smelters on the European continent. 

Japan.—Refined lead production in Japan 
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has almost doubled since 1965: The 1970 
output at 230,000 tons. The gain of 5 
percent, however, was well below the prior 
growth rate of 11 percent. Because of 
stringent air-quality standards, the seven 
lead-zinc smelting companies are faced 
with major capital investment for antipol- 
lution. controls. Nippon Mining Co. Ltd. 
discovered a promising vein deposit of sil- 
ver-lead-zinc ore in its Toyoha mine near 
Hokkaido. A 5-year development plan will 
be undertaken to produce 60,000 tons of 
crude ore per month, thus doubling the 
Toyoha output. 

Mexico.—Cía. Industrial Peñoles S.A. 
was modernizing its lead smelter at To- 


 rreón, Coahuila State, to add over 20,000 


tons in annual bullion capacity, bringing 
total «capacity to over 130,000 tons. Develop- 
ment of the La Negra mine in Querétaro 
State was in progress. It will have a capac- 
ity of 14,000 tons of silver-lead ore monthly. 

Asarco Mexicana, S.A., 49-percent owned 
by ASARCO, continued a mine expansion 
and modernization program and produced . 
83,300 tons of refined lead, slightly above 
the 1969 tonnage. The new 660-ton-per-day 
mill at the San Martin unit began opera- 
tion at midyear; the new 350-ton-per-day 
mill at the Santa Eulalia unit was under 
construction, and major mine development 
works continued at the Santa Barbara and 
Taxco units. A new updraft sintering 
plant was under construction at the Chi- 
huahua lead smelter; together with other 
improvements at the smelter and the Mon- 
terrey lead refinery, it will provide added 
concentrate capacity.16 

Morocco.—A new deposit discovered in 
1968 near the Zellidja mine is being devel- 
oped to produce at an estimated rate of 
25,000 tons per year beginning in 1971. Re- 
serves were estimated at 11 million tons 
averaging 2.75 percent lead. The concen- 
trates will be smelted by Fonderies Peñar- 
roya-Zellidja, in a 30,000-ton-per-year plant 
at Oued El Heimer. 

Peru.—The Cerro de Pasco base metal 
complex of Cerro Corp. was adversely af- 
fected by sporadic labor disturbances dur- 
ing the year which reduced lead output 
about 7 percent to 79,300 tons. About 32 
percent of the lead was derived from pur- 
chased ores. The principal mine at Cerro 


15New York and Honduras Rosario Mining Co. 


Annual Report. 1970, pp. 4-11. 
16 Page 15 of work cited in footnote 9. 
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de Pasco dates back to the Incas who 
worked it for gold and silver. Cerro Corp. - 
began operations in 1902, principally for 
copper. Presently the mine is operated 
chiefly for lead and zinc, by both open pit 
and underground methods. Expansion of 
the open pit presently involves a major 
construction and town moving project.17 
Spain.—Pefiarroya’s lead smelting plant 
at Cartagena was modernized and its ca- 
pacity increased from 30,000 to 100,000 
tons per year. The company's 20,000-ton 
plant at Córdoba will be dismantled. It 
was estimated that Peñarroya produced 
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about 50,000 tons of Spain's 76,000-ton lead 
output in 1970. 

Yugoslavia.—The Yugoslav lead-zinc in- 
dustry is planning to increase production 
significantly in 1971 as a result of develop- 
ments during 1970. Lead-zinc ore is ex- 
pected to reach 3.2 million tons, of which 
1.75 million tons will be supplied by the 
Trepca combine of mines 580,000 tons by 
the Zletovo-Sase mines in Macedonia, and 
400,000 tons by Mezica deposits in Slov- 
enia. Lead concentrate production in 1971 
is expected to be 157,000 tons compared 
with 131,000 tons in 1970. 


TECHNOLOGY 


Technological activity in the lead indus- 
try was directed not only to research and 
development related to new and expanded 
markets for lead, but significantly greater 
efforts were directed to solving, economi- 
cally, the increasingly strict air and water 
quality standards and other environmental 
problems. Research aiming toward improv- 
ing methods and equipment to control 
smelter-stack emission, improvement in 
concentration methods to alleviate water 
pollution and land beautification problems, 
and development of automotive exhaust 
controlling devices was intensified by in- 
dustry and Government. Technical assist- 
ance was also devoted to improving solid 
waste reclamation and metal recycling. 

The International Lead Zinc Research 
Organization (ILZRO) coordinates re- 
search. and development on an interna- 
tional basis. Incorporated in 1965, the or- 


ganization now has 34 supporting 
companies in 14 countries and is conduct- 
ing about 55 lead research projects. The 
Environmental Health program involved 
many projects conducted jointly by 
ILZRO, other involved industries, and 
Government agencies. 

The Library and Abstracting Service, 
Zinc Development Association and . Lead 
Development Association (London) ZDA/ 
LDA, which exists for the service of lead 
and zinc users throughout the world and 
financed by the various international lead 
and zinc research and development associa- 
tions, provides abstracts of current world 
literature and published research upon in- 
quiry to Lead Industries Association Inc., 
292 Madison Avenue, New York, N.Y. 10017. 


11 Cerro Corp. Annual Report. 1970, pp. 6-7. 


Table 2.—Mine production of recoverable lead in the United States, by State 
(Short tons) 


E O EE en d E EE 
Washington 
MWigemngug, eege 


Other Staten... 2 


1966 1967 1968 1969 1970 
W W TT 
5,211 4,771 1,704 217 285 
1,976 1,735 4,001 2,518 1,772 
28,082 21,923 19,778 21,767 21,855 
72,334 61,387 54,790 65,597 61,211 
2,285 2,384 1,467 791 , 532 
1,109 1,031 1,227 . 895 
484 845 D once. dek 
132,255 152,649 212,611 355,452 421,764 
4,40 89 1,870 1,7 996 
3,581 1,500 863 1,420 364 
1,596 1,827 1,368 2,368 8,550 
1,097 1,658 1,396 1,686 1,280 
2,999 2,727 2,387 605 797 
—— (1) (1) 
7); 1 8 
POU AA eee ek 
64,124 58,818 45,205 41,332 45,377 
3,078 3,430 8,573 3,358 3,356 
5,859 2,162 5,655 8,649 6,784 
1,694 1,596 1,126 1,102 761 
35 AA 140 nali o _... 
327,368 316,931 359,156 509,018 571,767 


W Withheld to avoid disclosing individual company confidential data; included in “Other States.” 


1 Less than 14 unit. 
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Table 4.—Mine production of recoverable lead in the United States, by months 


(Short tons) 


Month 1969 1970 | Month 1969 1970 


Januar, 36,805 47,151 August... ... .. O. pass 45,099 47,435 
February.............-.-..- 34,944 46,333 September. ...............- 43,178 47,940 
March. ...................- 38,816 51,771 October 46,231 46,167 
ADI. anc A 42,253 49,098 November. ...............- 42,289 41,840 
RU osos Wu ANIMO 43,816 49,640 December..............--- 46,128 45,842 
rr zu oe nm EL qui 45,124 46,797 — U 
M/ 0m my su suya 44, 330 45,753 Del! 5n 509,013 571,767 


Table 5.—Twenty-five leading lead-producing mines in the United States in 1970, 
in order of output 


Rank Mine County and State Operator Source of lead 

1 Fletcher Reynolds, Moo St. Joe Minerals Corp Lead ore. 

2  Magmont.......... Iron, Moo Cominco American, Inc..... Do. 

3 Viburnum Crawford, Iron, and Wash- St. Joe Minerals Corp Do. 

ington, Mo. 3 

4 Ozar KK Reynolds, Moo Ozark Lead Co Do. 

5 Buick Iron, Woo Missouri Lead Operating Co. Do. 

6 Federal ` St. Francois, Woo St. Joe Minerals Corp Do. 

7 Bunker Hill Shoshone, Idaho........... The Bunker Hill Co Lead-zinc ore and 
lead-zinc tail- 
ings. 

8 Lucky Frida .... „ mn cues Hecla Mining Coo Lead-zinc ore. 

9  U.S. and Lark A aS Salt Lake, Uta U.S. Smelting Refining and Lead and lead-zinc 

Mining Co. ores. 
10 Buren. Utah, Utah...........-..- Kennecott Copper Corp Do. 
11 Indian Creek....... Washington, Mo. ......... St. Joe Minerals Corp Lead ore. 
12 Star- Morning Shoshone, Idaho Hecla Mining Co Lead-zinc ore. 
13 Idarado_ o Ouray and San Miguel, Idarado Mining Co......... Copper-lead-zinc 
olo. ore. 
14  Mayflower.......... Wasatch, Utah............ Hecla Mining Coo Do. 
15 Pend Oreille. ...... Pend Oreille, Wash. ....... Ba Oreille Mines & Metals Lead-zinc ore. 
16  Sunnyside. ......... San Juan, Colo Standard Metals Corp Do. 
17 United Park City.... Summit and Wasatch, Utah. United Park City Mines Co- Do. 
18 eevee and Wythe, Va The New Jersey Zinc Co. Zinc ores. 
. Ivanhoe. 
19 Ground Hog........ Grant, N. Mex Amen Smelting and Re-  Lead-zinc ore. 
ning Co. 
20 Eagle Eagle, Colo. .............- The New Jersey Zinc Co. ... Zinc ore. 
21 Van Stone Stevens, Wag American Smelting and Re- Do. 
fining Co. 
22  Dayrock........... Shoshone, Idaho Day Mines, Ine Lead ore. 
23 Bulldog Mountain Mineral, Colo Homestake Mining Co Silver ore. 
24 Darwin Inyo, Cali Darwin Mines Lead-zinc ore. 
25 Emper ius Mineral, Colo Emperius Mining Co Do. 


Table 6.—Refined lead produced at primary refineries in the United States, 
by source material 


(Short tons) 


1966 1967 1968 1969 1970 
Refined lead: 

From primary sources: 
Domestic ores and base bullion............ 318,646 258,507 349,039 513,931 528,086 
Foreign ores and base bullion 122,089 121,387 118,271 124,724 138,644 
Totales mas 440,735 379,894 467,310 638,655 666, 730 
From secondary sources 9,004 2,538 2,259 4,966 4,367 
Grand total! 449,739 382,432 469,569 643,621 671,097 


Calculated value of primary refined lead (thousands)!. $133,278 $106,370 $123,468 $190,702 $209,220 


! Value based on average quoted price, New York, and excludes value of refined lead produced from scrap 
at primary refineries. 
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Table 7.—Antimonial lead produced at primary lead refineries in the United States 


Antimony content Lead content by difference (short tons) 
| Production ——— äq  _ _ ff.;:P :aẽqyẽ é 
Year (Short tons) Short From From From 
tons Percent domestic foreign scrap Total 
ore ore 

19 beer 24,059 2,119 8.8 6,025 5,157 10,758 21,940 
19612. 22 eee ee 18,608 1,717 9.2 5,449 3,634 7,808 16,891 
A 8 28,363 2,007 7.1 15,788 3,706 6,862 26,356 
LEE 24,741 2,082 8.4 11,507 4,743 6,409 22,659 
190 8 20, 438 1,184 5.8 8,826 2,829 7,599 19,254 


Table 8.—Stocks and consumption of new and old lead scrap in the United States in 1970 


(Short tons, gross weight) 


Consumption 
Class of consumers and Stocks Receipts ——— N Th _Ə— _——"  — Stocks 
type of scrap Jan, 1 New Old Total Dec. 81 
scrap scrap f 
Smelters and refiners: 
Soft lead 2,672 52,614 .......- 52,342 52,342 2,944 
Hard lead..............-.-.....--- 1,558 19,622 __. -“˙“e 18,930 18,930 2,245 
Cable lead... ..............-...-- 621 27,108 .......- 26,462 26,462 1,267 
Battery-lead plates 42,240 506,994 ........ 512,080 512,030 37,204 
Mixed common babbitt. ........... 304 3,50 3,372 3,372 435 
Solder and tinny lead. ............. 381 10,659 ........ 10,640 10,640 400 
Type metal ee 8,279 30,309 ........ 32,001 32,001 1,587 
Drosses and residues. 22,810 126,359 121,76 121,766 26,903 
TOA la o ese EL SC 78,360 777,168 121,766 655,777 777, 543 72,985 
Foundries and other manufacturers 
AA AAA y 129 ͤ due 84 84 45 
¡EI ...................- 20 AAA 85 85 17 
Cable lade 41 887" C 82 82 47 
Battery-lead plates 36 JJ 80 
Mixed common babb itt 59 8,4370 8,427 8,427 69 
Solderand i ⁰ ͤ v y ( «ss 
Type metal o 0ͥſ ⁵ðZVüſdd . ³ y ĩ⁊ĩ y ĩͤ dd ᷣͤ . 
Drosses and residues j ⁵ĩ²ii.u é 55 
rr ĩðB EEN r 211 8,780 .......- 8,678 8,678 313 
All consumers: 
oft lead. icesniu catas is 2,672 522 74 52,426 52,426 2,989 
Hard lead. .............-........- 1,578 19,704 `... 19,015 19,015 2,262 
Cable lead. 662 27,196 ........ 26,544 26,544 1,314 
Battery-lead plates 42,276 607,088 .......- 512,030 512,030 37,284 
Mixed common bab bitt 363 11,940 ........ 11,799 11,799 504 
Solder and tinny lead 381 10,659 .......- 10,640 10,640 400 
Type metals 8,279 80,309 ........ 32,001 32,001 1,587 
Drosses and residues r 22,8365 126,359 1217666 121, 766 26,958 
Grand total o... r 78,571 785,948 121,766 664,455 786,221 73,298 


r Revised. 
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Table 9.—Secondary metal recovered 1 from lead and tin scrap in the United States 
in 1970, by type of products 
(Short tons, gross weight) 


Total 


Lead Tin Antimony Other 
Refined pig lea 138,890 loci A 8 138,890 
Remel tes... )))) Bat eh Re eI e aoe 20,277 
. ³Aſ AA AA 159,167 
Reinet Select aca 2.6086 is Seige us 2,686 
ö ⁰˙² ee 197... Su 8 197 
Cot oe ee eee ll ui sees , a 2,883 
Lead and tin alloys: 
Antimonial lead 348,358 393 16,002 414 365,167 
Common babbtt 10,312 652 1,073 61 12,098 
Genuine babbtt o ooo. 16 113 10 4 143 
O op AA EA .. 8 33,348 5,486 823 142 39,799 
Type metals. `. 25,389 1,699 3,477 3 30, 568 
Cable lead “löl... 8 8,110 2 2D- suls ss 8,137 
Miscellaneous alloy 864 96 14 137 1,111 
/ ucc Eti li S 426,397 8,441 21,424 761 457,023 
Tin content of chemical products................. .......- y Mew 784 
Grand total___._..._...._.--.------------ 585,564 12,108 21,424 761 619,857 
1 Most of the figures herein represent actual reported recovery of metal from scrap. 
Table 10.—Secondary lead recovered in the United States 
(Short tons) 
1966 1967 1968 1969 1970 
As metal: 
At primary plantt?.gQ3se 9,004 2,538 2,259 4,966 4,367 
At other plant 147,215 147,806 136,607 149,344 154,800 
rr ³¹w ⁰ 156,219 150,344 138,866 154, 310 159, 167 
In antimonial lead: 
At primary plant 10,758 7.808 6, 862 6, 409 7,599 
At other plants.---.------------------------ 272,977 280,911 301,701 836,066 340,759 
Totale. Ja o k a Nte 283,735 288,719 308,563 342,475 348,358 
In otherallyB.....- ðͤ y l 132,880 114,709 103,450 107, 120 89, 865 
Grand total: 
EN A o SEL S dc 572,834 553,772 550,879 603,905 597,390 
alue (thousands) .. $173,225 $155,056 $145,542 $180,326 $187,461 
1 Value based on average quoted price, New York. 
Table 11.—Lead recovered from scrap processed in the United States, 
by kind of scrap and form of recovery 
(Short tons) 
Kind of scrap 1969 1970 Form of recovery 1969 1970 
New pe d As soft lead: 
base 81.672 86,753 At primary plants 4, 966 4,367 
Copper-base. ...........- 5,898 4,144 At other plants 149,344 154,800 
Tin- base 3 307 — —— 
ef al Sumu 154,810 159,167 
fr A 87,968 91,204 =—— 
In antimonial lead Iii 342,475 348,358 
Old scrap: In other lead alloys..........- 90,582 77,159 
Battery-lead plates 349,507 350,273 In copper-base alloys. `... 16,511 12,690 
All other lead-base........ 147,796 139,365 In tin-base alloys...........-- 2 16 
Copper- base 18,631 16, 546 — — MÀ 
in- base 3 2 P! ui do 449,595 438,223 
rr 515,937 506, 186 Grand total 603,905 597,390 
Grand total. 603,905 597,390 


1 Includes 6,409 tons of lead recovered in antimonial lead from secondary sources at primary plants in 1969 
and 7,599 in 1970. 
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Table 12.—Lead consumption in the United States, by products 


(Short tons) 
Product 1969 1970 Product 1969 1970 
Metal products: 
Ammunition. .......... 79,283 72, 726 Pigments Cont inued 
Bearing metals 17,406 16, 828 Pigment colors 14, 670 14,407 
Brass and bronze 21,512 18,927 Other l. 1,201 1,178 
Cable covering 54,208 50,772 K!; m NER E 
Calking lead 44,857 34, 608 Dot! 102, 386 98, 736 
Casting metalas 9,918 7,498 =m 
Collapsible tubes 12,484 10,913 Chemicals: 
ST! 5,881 5,521 Gasoline antiknock 
Pipes, traps, and bends.. 19,407 17,888 additives 271, 128 278, 505 
Sheet lead............. 25,818 21, 050 Miscellaneous chemicals. 602 628 
Solder 72,626 69, 707 — —— — ——— 
Storage batteries: fl! AA 271, 730 279, 128 

Battery grids, Dp _ _ _ __  __ 

posts, ete_._..... 280,386 283,451 Miscellaneous uses: 

Battery oxides 302,160 310,002 Annealing............- 4,252 4,161 
Terne metal. ..........- 1,5 1,088 Galvanizing............ 1,797 1,792 
Type metall 25,660 24,476 Lead plat ing 406 400 

— — ũm—ͤ—— Weights and ballast 17,366 16,184 

T 973, 134 944, 905 — d 

— — r so L ¿22 23,821 22, 537 

Pigments: Other, unclassified uses 18,287 15,246 
White lead...........- 6,617 5,936 === 

Red lead and litharge... 79,898 77,216 Grand total 2422:] 1,389,358 1,360,552 


1 Includes lead content of leaded zinc oxide and other pigments. 
2 Includes lead which went directly from scrap to fabricated products. 


Table 13.—Lead consumption in the United States, by months 


(Short tons) 


Month 1969 1970 Month 1969 1970 
January 118,080 118,444 August 112, 189 110,486 
February... .. 105,585 110,497 September................- 123,941 114,215 
n do ciao se 117,508 120,832 October... n 181,891 115,419 
Ke TEE 115,948 117,797 November.............-... 112,521 103,401 

AS eM MUS n ERN 117,272 117,547 December 117. 749 114,889 
A A l u tee 115,780 116,137 Oo —̃—m- 
/A 100, 894 100, 888 ; Total . 1,889,858 1, 360, 552 


1 Includes lead content of leaded zinc oxide and other pigments and lead which went directly from scrap to 
fabricated products. 


Table 14.—Lead consumption in the United States in 1970, by class of 
products and types of material 


(Short tons) 
Lead in Lead in Lead in 
Product Soft lead antimonial alloys - copper- Total 
lead base scrap | 
Metal products 173,491 83,366 45,810 14,133 816,300 
Storage batteries 818,571 / / used me 598 , 453 
Pigmenti AAA A )) eege, ` ege 97,558 
TEE , ede eck 279,128 
Miscellaneous_____..........--.---.------- 9,7 12,546 14 22, 448 
Unclassified... 2 eee ee 13,939 896 411 ' 229222226 15,246 
M/ ³¹10 Z uuu SS Qusa 892,156 371,975 45,864 14,133 11,324,128 


1 Excludes 35,246 tons of lead that went directly from scrap to fabricated products, and 1,178 tons of lead 
contained in leaded zinc oxide and other nonspecified pigments. 
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Table 15.—Lead consumption in the United States in 1970, by States 1 


(Short tons) 


Refined Lead in Lead in Lead in 


State soft lead antimonial alloys copper- Total 
lead base scrap 

RR AAA 8 94,958 37,901 5,777 760 139,396 
Colorado- a a i co 1,146 3,135 . 4,345 
Connecticuinunrrrr 16, 664 8,945 8 1,018 26,635 
District of Columbia a a yas FVV! AAA 136 
IP AAA ĩͤ 5,541 6 802. geese ias ol 12,843 
COORG AAA 8 44,985 17,121 8 63,993 
rü ³ð 75,277 38, 138 7,185 1, 847 122, 447 
II. ³˙¹w ͤ 74,927 39,842 1,83 116,949 
ARAS a a ee ee oe ne 11,089 10,095 58 215 21,457 
Kentucky... cres dede Une eode i mem 3,040 7,726 „ 10,767 
ETA WEE 1,176 12,918 aT nues 14,131 

Massachusetts 5,081 722 15 135 5, 
Michigan 18, 109 18,815 1,517 421 38 , 862 
CT e EE 36,172 10,606 189 525 47,492 
Nebraska 3,680 627 44 947 5,298 
New Jersey. 182 , 984 18, 703 10,165 678 162,530 
New err Su LL TS 38,214 1,984 10,708 873 51,779 
A A 8,575 3,357 3,013 883 15,828 
Pennsylvania... |... ooooocococooocooooooo. 59,589 40,573 746 2,600 103,508 
Rhode Island 1,968 174 38 „175 
ennessee______ _ le ˙·˙·mm AN 201 13,319 205 130 13,855 
Virginii- 4 ao c Lnd nite rei LAU 650 ,501 823 1,121 4,095 
Washington 8,022 742 840 22222 9,104 
West Vireinig 19,233 38 Vea a 23,059 
Wisconsin 3, 530 4, 552 44 218 8,344 
Alabama and Mississipp ii 1. 442 4,2833 ........- 415 6,090 
Arkansas and Oklakoma -2-2-2-2 4,718 2,685 80. OS 7,483 
Hawaii and Oregon 1,545 /// AA 5,989 
Iowa and Minnesotkgaai --2-2------ 4,111 11,709 114 397 16,331 
Louisiana and Texas 202,828 33,369 926 464 291,587 
Montana and Idaho. ` ; (u (y Ee 1,344 
New Hampshire, Maine, Vermont, Delaware 7,681 10, 341 47 144 18, 213 
North and South Carohnsa -.-----.------- 3, 501 S070- pr. eee. 6,571 
Utah, Nevada, Arizona Oo: Vries ER, 8 39 
A k 892, 156 371,975 45,864 14,133 1,324,128 


1 Excludes 35,246 tons of lead that went directly from scrap to fabricated products and 1,178 tons of lead 
contained in leaded zinc oxide and other nonspecified pigments. 


Table 16.—Production and shipments of lead pigments 1 and oxides in the United States 


1969 1970 
Shipments Shipments 
Product Produc- ——V >» Produc- 
tion Value 2 tion Value 2 
(short Short;.sw⸗ꝛy h "> (short Short — —ñ (ä 
tons) tons Total Average tons) tons Total Average 
per ton per ton 
White lead i 

Dry: su L L. 8,551 7,858 $3,357,280 $427 6,497 7,287 $8,037,038 $417 
In oil 32 1,944 2,501  À 1,776,903 710 2,8178 1,351 863,942 639 
Total `, 10,495 10,359 5,134,183 496 9,375 8,638 3,900, 980 452 
Red lea de 23,588 22,177 8,067,711 364 20,316 19,444 7,585,560 390 
Lutbharge 123,395 185,719 44,396,471 827 182,529 146,848 49,206,528 336 
Black oxide h.. y ou 241 // tica” eig 


1 Except for basic lead sulfate, figures withheld to avoid disclosing individual company confidential data. 
2 At plant, exclusive of container. 
3 Weight of white lead only, but value of paste. 
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Table 17.—Lead content of lead and zinc pigments 1 and lead oxides 
produced by domestic manufacturers, by sources 
(Short tons) 


1969 1970 
Lead in pena produced Lead in pigments produced 
Product rom— Total from— Total 
S lead in DN MN RC CU lead in 
re pigments re pigments 
—Ə Pig lead —— Pig lead 
Domestic Foreign Domestic Foreign 
White lead... . EE 8,396 8,396 iii. 8 7,500 7,500 
GG.... AA 21,878 21,878 ....... ...-..- 18,416 18,416 
Either 95. sima exceeds 114,757 114,757 ....... coo... 123,252 128,252 
Black oxide... I Ill... ⁵³ð x ras. 8 233,312 233,312 ....... .....-.- 236,514 236,514 
Leaded zinc oxide 367 204 ......- 571 304 211 2x 515 
Dots... 367 204 377,843 378,414 304 211 385,682 386, 197 


1 Excludes lead in basic lead sulfate, figures withheld to avoid disclosing individual company confidential 
ta. 


Table 18.— Distribution of white lead (dry and in oil) shipments, by industries 
(Short tons) ) 


Industry 1966 1967 1968 1969 1970 
PAM e de ee 8,260 6,968 6,681 5,969 4,460 
Ceramics WEE 130 96 124 67 26 
f AE 6,486 5,064 4,829 4,323 4,152 
I ³˙¹¹⅛‚j. e a 14,876 12,128 11,634 10,859 8,638 


1 Excludes basic lead sulfate, figures withheld to avoid disclosing individual company confidential data. 


Table 19.—Distribution of red lead shipments, by industries 
(Short tons) 


Industry 1966 1967 1968 1969 1970 
Paints. cias als 14.480 13,318 11,347 9,191 7,848 
Storage batteries w W W 9,302 W 
(TVT e d ĩ ( suu 16,790 12,423 12,464 3,684 11,596 
kk 31,270 25,741 23,811 22,177 19,444 


W Withheld to avoid disclosing individual company confidential data; included with “Other.” 


Table 20.—Distribution of litharge shipments, by industries 
(Short tons) 


Industry 1966 1967 1968 1969 1970 

Re DT o ß ß 23,476 19,491 24,123 21,570 24,578 
Insecticide s 1,166 W WwW W W 
h ³˙˙ A ced Uu mmc RE Lire 1,991 1,885 1,849 1,608 2,016 
HRUüDDBer- 2. 22cm as s acd ie E i 2,296 1,928 1,986 1,794 1,663 
NETO AMI due acie eue A 1,620 1,228 W W W 
KREE y AS 79,754 75,500 103,220 110,752 118,086 

LOLA eut A RE 110,303 99,982 181,178 135,719 146,343 


W Withheld to avoid disclosing individual company confidential data; included with “Other.” 


Table 21.—U.S. imports for consumption of lead pigments and compounds 


1969 1970 
Kind — ——— ————— 
Short tons Value Short tons Value 
thousands) (thousands) 
White: lead: cardiacas a as 1,731 $661 1,105 $431 
zee dd 5,517 1,365 6,909 - . 1,827 
Ifi), i, cout a x he 23,982 5,542 13,703 3,278 
Other lead pigment 342 107 219 54 
Other lead compounda 901 309 655 255 


Eege 32,473 7,984 22,591 5,845 
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Table 22.—Stocks of lead at primary smelters and refineries in the United States, Dec. 31 
(Short tons) 


Stocks 1966 1967 — 1968 1969 1970 
Refined pig lead. ee 16,175 18,243 11,490 21,283 90,866 
Lead in antimonial lead 2-2... 6,396 5,119 3,852 4,448 6,988 
Lead in base bullion- o ooocoococococoooo.. 15,606 16,622 11,471 12,726 11,710 
Lead in ore and matte 77,296 85,495 63,614 63,403 83,421 
Toti EEN 115,473 125,479 90,427 101,860 192,985 


Table 23.—Consumer stocks of lead in the United States, Dec. 31, by types of material 


(Short tons, lead content) 


Refined Lead in Lead in Lead in 


Year soft lead antimonial alloys copper-base Total 
lead scrap 
A ed exaudi ees eee 44,490 34,704 10,071 1,041 90,306 
11 y A Bk aia 59, 837 35,879 8,919 1,151 105,786 
,·öoͤ rasante 43,933 r 25,009 9,184 774 r 78,900 
NOG A A 67,304 r 49,649 8,506 945 r 126,404 


ht 82,823 42,420 7,344 915 133,502 


Table 24.—Average monthly and yearly quoted prices of lead at St. Louis, 
New York, and London 1 


(Cents per pound) 


1969 1970 

Month — SS 

St. Louis New York London? St. Louis New York London? 
Janus cias 13.24 13.44 11.46 16.30 16.50 14.72 
Februar, 13. 80 14. 00 11.67 16.30 16.50 15.18 
March: nica 13.80 14.00 11.80 16.30 16.50 15.24 
r Sat eee 14.22 14.42 12.13 16.30 16.50 14.59 
OY QD uno ͤ REED 14.30 14.50 12.54 16.30 16.50 14.22 
JUNO 14.68 14.88 12.89 16.30 16.50 13.95 
i 15.25 15.45 14. 04 15.48 15.68 13.56 
A/ l oie 15.30 15.50 14.24 14.92 15.12 12.87 
September... 15.30 15.50 13.62 14.55 14. 75 12. 82 
CI 2.2.2222 2- 15.30 15.50 13.26 14.55 14.75 12.85 
November 15.42 15. 62 14.28 14. 55 14.75 12.64 
December 16.09 16.29 15.12 13.99 14.19 12.49 
Average 14.73 14.93 13.09 15.49 15.69 13.76 


1 St. Louis: Metal Statistics, 1971. New York: Metal Statistics, 1971. London: Metals Week. 
2 Based on monthly rates of exchange by Federal Reserve Board. 
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Table 25.—U.S. exports of lead, by countries 1 2 


1969 1970 


Short Value Short Value 
tons (thousands) tons (thousands) 


Destination 


Unwrought lead and lead alloys: 


Belgium-Luxembourg. ................- eia a E 973 $835 2 $1 
A A PO 198 104 804 295 
CRA Ee 24 dE. jue reni E 

Dominican Republic 18 12 95 
Indies e dd 1 1 770 249 
CJ ³·Ü.¹A n ⁰y y u oe 290 10%" Gusana. au 
Japan s o a ais 241 182 15 8 
Korea, Republic off FVP 83 90 39 14 
ele 5˙àEmĩ.ĩ;;; eo Anise a ati 115 54 81 43 
Netherland sss 15 6 19 7 
FCC ys Dua ecc n 22 9 53 19 
Philippines. oe at eee eke ee cese 98 45 87 49 
et ENEE 1,791 519 
SWedel: rca a es 69 47 176 136 
AA x 55 26 141 68 
United Kingdom. ..................-............. 79 53 211 64 
E n . 33 | 29 375 134 
Vietnam, South... 28 8 29 10 
Other a o eee 244 173 281 184 
AAA A usu LE 2,586 1,783 4,969 1,854 

Wrought lead and lead alloys: 
Belgium- Luxembourg 13 26 12 14 
1 AAA . E AE 65 32 5 5 
Canada NA 212 198 316 844 
Chile. cascara a a ee ee 12 9 110 63 
Ser A eee sooo 79 39 38 25 
Dominican Republic 71 87 45 36 
Ill! ⁰⁰yd ĩð US wie dete 80 82 58 54 
1 AE EE 80 132 58 149 
Korea, Republic oft.. 46 41 62 28 
TORN A AN O 31 28 171 142 
Netherlands 195 409 423 759 
Pakistan... a EE 82 53 94 64 
Philippines. ß e TL ispa 43 26 27 30 
¡AA jr : ⅛ W mh; = ees Lem E 27 15 11 
A ùĩLo ⅛ kö ³ A EE 121 96 112 101 
CCJ1•õÄöÄöĩou ⅛5« t é k a dr as eae: 25 21 47 26 
Türkey c susan sum pu 8 1 (2) 366 240 
United Kingdom. o ooooconcocoocococoocooooo. 204 208 106 172 
Venezuela... ˙ ̃ ·˙—I! ...... ll ee a 318 170 176 130 
Vietnam, South... 165 61 33 15 
Eeer O ĩͤ 8 562 : 497 512 495 
LOLA a ͥͥͥ ·¹ÜdꝗV 8 2,882 2,130 2,778 2,903 
| Scrap. 

i elgium- Luxembourg 189 29 702 127 
ef ß ß Ska ie. 492 68 781 180 
Germany, Weste 259 45 250 83 
Ill. õͥ o it e da o Leet 983 216 
1 A A he y A ERAN 192 93 
Netherlands? 252 62 314 63 
South Africa, Republic ol 2.22222 222 2.2 maaana 22.2.2... 110 22 
Spain A NN Ne A AN AA 122 8% A 
nited Kingdom... .. .. ss aa 1,018 262 659 268 
hl! ⁰ hiet 106 17 
Othef- ³˙ . ads aa 8 3 117 37 
Ji ³˙Ü“¹ 2,340 505 4,214 1,056 


1 Owing to changes in classifications in 1970, exports and reexports for 1969 have been changed to agree 
with new classifications. 

2 In addition foreign lead was reexported as follows: unwrought lead and lead alloys 1969, 29 tons ($10,183); 
1970, 293 tons ($95,256). Wrought lead and lead alloys 1969, 1 ton ($2,127); 1970, 150 tons ($54,026). 
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Table 26.—U.S. imports 1 of lead, by countries 


1968 1969 1970 
Country Short Value Short Value Short Value 
tons (thou- tons (thou- tons (thou- 
sands) sands) sands) 
Ore, flue dust, and matte (lead content): 
Australia 20,592 83,772 20,335 $4,556 29,360 $6,468 
i e O „71 994 3,605 724 3,041 561 
Canada cl losen 36,815 6,733 48,606 10,299 41,337 9,223 
A ͤ ³ é ness t uc 8 490 A K ðꝛ `. ug EE 10 8 
eee 1 (2) 345 22 464 62 
Hondüfds- a ³⁰ . Nie Ct 9,272 1,782 12, 988 2, 606 15, 054 2, 539 
ô§éͤÜo— a NS Eo E e 303 40 301 46 440 101 
Per... d hu 13,976 2,610 22,582 4,933 21,837 5,117 
South Africa, Republic oz 608 97 365 JFF 
M õ³¹⅛ ³˙¹·miA u ⁊ vr ee r 61 r 13 125 22 1,363 261 
Total ³ AA ]³ꝛ A eet des 87,836 16,130 109,252 23,243 112,406 24,335 
Base bullion (lead content): 
CJ »˙A¹1A¹vꝛ]ͥͥ eles. um EE 1,979 5698 99ͤßô ——ͤ; 
Canada tt a a a Sia 8 4 1 ae teen 
E E AA A ek, 13 4 170 40 
United Kingdom... ee a ͥ⁰ͥ⁰ͥ⁰ꝗʒdd y rs: y 126 93 
PP OUR eet ta E ron EC 8 4 1,993 699 296 133 
Pigs and bars (lead content): 

UP Gralla ci a ee bo lates 46,919 9,851 60,791 14,417 51,705 18,902 
Belgium- Luxembourg 18,649 4,343 1,315 465 680 396 
e a ee leh. ee etal Zeite 150 36 341 132 
CJJJ§Üͤ˙¹ ie 60,161 14,637 44,457 11,409 63,753 19,107 
Denmark... ĩ ĩ⁵ ccs oE 46 114 36 40 
France. sil EENEG 4,604 973 5,627 1,258 1,255 357 
Germany, Wes 20,711 7,552 1,289 723 708 2,087 
poe )J ͤ eres DEM EN 56,516 12,062 57,451 18,973 38,868 10,156 
POPU gi os ote ð . hn thet 75,105 18,896 57,249 15,687 52,473 16,292 
South Africa, Republic of 8,298 2,201 12,558 3,706 12,984 4,164 
( Set eo asnu o ed: 3,868 J ² ͤ ²˙Aß ̃ ̃ A 
United Kingdom- ----.------------------ 22,919 5,546 8,664 3,752 2,928 1,508 
e a 19,775 4,155 27,862 6,272 18,765 4,930 
AAA d 549 868 853 259 528 852 

Ne d EE _--- 338,120 81,472 278,380 72,093 244,623 78,897 


Reclaimed scrap, etc. (lead content): 


Aer 2,280 986 36 15 3,638 1,098 
IER TEE 2,834 528 4,866 1,222 2,075 661 
Dominican Republic 292 31 236 2d. ordena quantus 
Mexico 2 VwyAꝛ a EEN 670 111 1,253 191 1,056 141 
Netherlands Antille dis 60 11 45 CC 
New Zealand. dd 64 ll. Morada Mea Ecoles: adno 
A dicun ce si 221 21 420 69 84 21 
e ee 60 10 106 23 4 (2) 

gd EE 6,481 1,715 6,962 1,558 6,857 . 1,921 

Grand total........ 2 2 2 2L LL LLL Lll. ll 432,445 99,321 396,587 97,593 364,182 99,786 

r Revised. 


1 Data are "general imports" d that is, they include lead imported for immediate consumption plus material 
entering the country under bond. 
2 Less than l4 unit. 
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Table 27.—U.S. imports for consumption 1 of lead, by countries 


1968 1969 1970 
Country Short Value Short Value Short Value 
tons (thou- tons (thou- tons (thou- 
sands) sands) sands) 
Ore, flue dust, and matte (lead content): 
/cõĩ˙³êè¹⅜?ÜA......;.//ꝙ½ꝙꝙꝙêeìm T 12,640 $2,274 24,003 35, 004 6,726 81, 539 
BHC... ³⁵ð ĩ ⁵ erg 6, 708 1,308 4,308 770 1,914 358 
Aansada- a al e tee eae 36,912 7,583 44,764 8,967 23,436 4,474 
Chile; s o. o oda al i 513 1,679 / a LR 
Colombia... 2- -2 ---------------0-mM 113 D A 8 301 19 
Sasa ð 7,730 1,532 13,992 2,871 1,087 192 
IS A A A 55 121 
al A A AECA asss, 28,999 5,545 21,794 4,023 8,228 1,595 
South Africa, Republic of 13 1 — Z 8 
rM C LUE 164 31 3,778 602 793 160 
lll... ⁵³ðVç 96,863 18,990 115,286 22,697 42,606 8,360 
Base bullion (lead content): 
ͥĩ⁵ĩ˙¹˙wͥẽ]Ü c mur. ees ets = . aac 1.979 693 876 238 
A ⁵³⅛VAA ⁵ IR 8 4 1 F ` 
%%% cascara Een et LER 13 4 175 117 
United Kingdom: AAA rss k ⁊ hdd A 126 93 
Total: Z css ricas abs 8 4 1,993 699 1.177 448 
Pigs and bars (lead content): 
Uta MA ee A AL 46,919 9,851 60,791 14,417 51,705 18,902 
Belgium- Luxembourg 19, 149 4,354 1,814 476 
WINS A Dee, 1 150 341 132 
IK TEE 60,161 14,687 44,457 11,409 63,753 19,107 
Denmark... ⁵ðV⁴d ͤ 10 6 140 
y AAA 8 4, 604 973 5,627 1,258 1,255 357 
Germany, Weste 19,711 7,383 1,289 2,037 
a q A y ee E 56,516 12,062 57,451 13,973 38,368 10,156 
1 a ROREM TEN 75,105 18,896 57,249 15,687 52,473 16,292 
South Africa, Republic of 8,298 2,201 12,558 3,706 12,984 4,164 
United Kingdom. .................-....- 22,919 5,546 8,664 3,752 2,928 1,508 
Yugoslavia ....------------------------ 19,775 4,155 27,862 6,272 18,765 4,930 
G)!;ö§ö˙ y vx toa see 4,417 1.215 853 259 528 352 
l,, wet sur fees 837,620 81,264 278,878 “72,104 244,623 73,397 
Reclaimed scrap, etc. (lead content): 
Australla. n.. 30 14 79 27 352 116 
Canada... A Suma eects 2,884 528 4,515 1,147 1,394 495 
Dominican Republte --------------- 31 236 - 29 .. bz esee 
Mies, esee el ewe 670 111 1,253 191 1,056 141 
Netherlands Antilles 60 11 4 
New Zealand. .............-.........-.-- . 64 Bl .dasezunc 8 
C/öͥ;oo ee Sie 221 27 420 69 84 21 
pan % ↄ ⁵ↄ dd A ES 7 1 37 11 
nited Kingdowꝶdmdmddddgmdssss22‚dd eoooooo ooo... 28 18 23 7 
CA SA 78 15 99 22 16 3 
Total E 4,249 748 6,682 1,513 2,981 798 
Sheets, pipe, and shot: 
Belgium-Luxembourg. ..................- 344 90 121 84 45 17 
Canada: opa mm a s 182 66 190 79 320 169 
Germany, Weste 12 . 4 7 d. A AS 
Netherlands 243 64 49 15 87 33 
United Kingdom. ......................- 112 32 30 10 85 13 
Faces y mex Redes ss 121 33 26 9 
P ˙¹¹iwAͥ T sae 893 256 518 174 513 241 
Grand to aůlaa!kun. - 439,633 101,262 408,352 97,187 291,900 83,244 


1 Excludes imports for consumption in bond and export, classified as “imports for consumption” by the 
Bureau of the Census. 
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Table 28.—U.S. imports for consumption of lead, by classes 1 
(Thousand short tons and thousand dollars) 
Lead in ore, 
flue dust or Lead in base Pigs and bars Reclaimed Sheets, pipe, Not 
fume, and matte, bullion (lead (lead content) scrap, etc. and shot other- 
ear n. s. p. f. content) (lead content) wise Total 
(lead content) Sec value 
— — oo — [<—— — ——M— e 
Quan- Value Quan- Value Quan- Value Quan- Value Quan- Value (value) 
tity tity tity tity tity 
1968... 97 $18,990 (2) $4 338 $81,264 4 $748 1 $256 $273 $101,535 
1969... 115 22,697 2 699 279 72,104 7 1,513 (2) 174 369 97,556 
1970... 43 8,360 1 448 245 73,897 3 798 1 241 448 83,692 


1 Excludes imports for consumption in bond and export, classified as “imports for consumption” by the 


Bureau of the Census. 
2 Less than Le unit. 


Table 29.—U.S. imports for consumption of 
miscellaneous products containing lead 


Babbitt metal, solder, white metal, and 
other combinations containing lead 


Year 
Gross weight Lead content Value 
(short tons) (short tons) (thousands) 
1968.... 1,204 566 32, 244 
1969. 2, 134 667 3, 822 
1970 1,429 836 2,364 
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Table 30.—Lead: 


World mine production, by countries 


(Short tons) 
Country ! 1968 1969 1970 p 
North America: 

O A 360,025 830,781 394, 547 
Guten.... iaa 520 314 1,198 
HA f. ⁰ 14,523 15,255 17,598 
JJ Du Duos ͥ md eee ete 88 191, 988 188,377 194,665 
United States as 359, 156 509,013 571,767 

South America: | 
EENS r 29,400 42,651 e 42,000 
S EE r 23,902 27,230 27,995 
LA] EE E th A TEENE y IN E E 29,782 30,416 30,850 
Chila- 2 d a ee eet eu D E oes 1,091 91 885 
Colom biG uz p ure ect Se A 816 45 
JC» ⅛ͤöü1/⁊ĩͤ ³ð¹˙ ͥ ͤ T see ewes 170,833 170,354 170,859 

Europe: 

ustra SEENEN 7,474 7,508 6,617 
TK SUC D ewe SA eee 8 108 , 500 100,500 » 130,000 
Czechoslovakia „64 7,310 e 7, 700 
Ff ͥͥͥͥͥͥͥͥͥ‚ EE 4, 987 5,019 5,517 
Prante 220. d ob Ee ee r 29,101 33,290 e 32,500 
Germany, asta it r 11,000 r 11,00 10,800 
Germany, ¶àↄↄVVVC(C A ee 8 57,867 43,335 44,650 

7 ³˙Üüi.i A See A S eae r 9,995 9,551 10,171 
Hungary Coo u ³ð/yſͥ occa lala A cete eee ees 1,100 1,100 1,100 
Ireland: ³˙miAͥ ͥ cH yd u S Sk aos r 68,600 64,700 65,400 
Italy o ooa A E S 8 r 40,200 40,800 87,772 
Norway. 22 7 ic od fn s ⁊ð ... et aa toes 3,892 3,872 4,140 
Polgnq A EE EE 52,900 60,000 e 66,700 
!“... y r 2,521 1,986 1,613 
Romanis AIN A tee okie E LE r 36,000 r 48,000 46,000 
JA SA A 81,621 79,090 71,580 
Wen A iU «iq A A A OA r 79,402 88,200 e 88,000 
JJõÄ˙Ü;²˙.! m ::.. w. y 8 460,000 r 485,000 485, 000 
United ne a 3,580 e 3,300 e3,3 

ugosla via b 8 123, 203 130, 122 139, 655 

Africa: | 
A A EEN 5,700 8,700 8,700 
Congo (Brazzaville e e r 1, 100 550 550 
A/ ⁰·- . ³om j ³wmmꝛꝛꝛq y ee 79,787 77,832 80, 538 
South-West Africa ) r 69,882 72, 588 76,843 

DL MEER dd AC MENS r 17,600 25,800 22,400 
LN AAA A 24,138 25,350 29,517 

Asia: 

BUrMA <a o a ds r 10,908 9,586 8,912 
China, mainland e 110,000 110,000 110,000 
NC EE r 2,811 2,239 , 053 
hh ð aaa nera due NA N e 220 
A O IS Ee e r 24,847 23,920 25,287 
pA o E ! ß eae an 8 69,806 69,953 70,996 
Korea, North EE 77,000 77,000 77,000 
Korea, Republic of___ r 17,801 18,163 17,655 
A MANS A PRA AAA ĩ 93 74 15 
TORA S S SS: desert ]ð³éiD% 2,998 2,094 1,488 
y A EE AAA r 7, 700 7,900 12,000 
Oceania: Auatrahs ee 428,712 497,416 495,928 


e Estimate. 
1 In addition to the countries listed, Pakistan, Uganda, and United Arab Republic may produce lead, but 
available information is inadequate to make reliable estimates of output levels. Í 
2 Recoverable metal; content of lead in concentrates for export plus lead content of domestic smelter products 


(refined lead, antimonial lead, mixed bars, and other, unspecifi 


p Preliminary. r Revised. NA Not available. 


3 Recoverable metal. . 
4 Recoverable metal; content of lead in concentrates for export plus lead content of domestic smelter products 


(refined lead, antimonial lead, tellurium-lead bars, and bismuth-lead bars). 


5 Year ending June 30 of that stated. 

6 Smelter production. 

? Year beginning March 21 of that stated. 
8 Content of concentrates. 


items). 
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Table 31.—Lead: World smelter production, by countries 1 


(Short tons) 


Country 


North America: 
Canada (refined). ---------------------------------------ao 
Guatemala EE 
Mexico (refined) ooo coo 
United States (refined) 323232222 

South America: 
EE Si 
Bolivia (refined, including solder) 22 o oo ooo 
E EE 


Prope 
USA DEENEN 


H ˙⁰U ⁰⁵⁰ 6 = S ͤͤ ⁵¼“vr:vh 8 
Bulgari? 2212952292252. 2 EEN 
Czechoslovakia ? 


ermany, West 
Greece (refined 
ee ee 


MS mos A ENIRO ET 


Poland (refined) ? 
Portugal (refined) 
e e 


United | Kingdom ))) ee EE 
Yugoslavia (refined) 2. o ooo 
Africa: 
Morocco 


mm m m ni A 88 
mm æ em em em e em mm em em gn em ep s em em em e ep em mp em e em em m 2 ven e em om gn mp em 
wm em op gem —— ep op — ve e e em emm em em ep om ep em em op op em ep op om eg em em em em wem c ccc — ep em emp em wm mp em sm ep gn 


e Estimate. P Preliminary. r Revised. 
1 Primary except as noted, or source does not differentiate. 
2 Includes recovery from secondary materials. 


1968 
202,100 
220 


189,884 
467,310 


r 27,600 
225 
17,821 

r 95,221 


r 116,825 


26,038 
67,454 
15,459 
26,594 


181,410 
60,000 
3,488 


550 
r 326,330 


1969 
187,142 
248 


186,308 
638,655 


24,250 
24 
20,635 

r 85,478 


117, ,899 


29,582 
67,085 
17,782 
25,361 


10,985 
110,000 
, 186 

er 200 
205,708 
60,000 
3,834 
660 
378,215 


3 Refined from domestic and foreign ores; excludes lead refined from imported base bullion. 


4 Includes lead content of antimonial lead. 
5 Lead bullion from imported ores and concentrates. 
6 Year ended June 30 of year stated. 


7 Lead in lead bars plus gross weight of antimonial lead; excludes lead in solder. 


8 Year beginning March 21 of year stated 
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1970 » 


204,630 
83 


165,645 
666,730 


107, ,364 
27,449 


388 ,624 


r 3,246,900 73,561,198 3,637,472 


seas Google 


Lime 


By Avery H. Reed 1 


The total value of lime sold or used by 
producers set a new record of $287.6 mil- 
lion in 1970, 2 percent above the 1969 rec- 


ever was about the same as in 1969. 
Refractory and agricultural uses of lime 
continued to decline. 


ord. The quantity of lime produced how- 


Table 1.—Salient lime statistics in the United States 1 
(Thousand short tons and thousand dollars) 


1966 1967 1968 1969 1970 
Number of pnlants ooo 208 209 206 201 194 
Sold or used by producers: m 
Quicklime- 52 Gi ee REO eiu 13,195 13,449 14,440 15,479 15,248 
Hydrated line 2,669 2,656 2,364 2,864 3,126 
Dead-burned dolom ite 2,193 1, 880 1, 833 1, 866 1,373 
r ³oà³ ss 18,057 17,985 18,637 20,209 19,747 
PE EE $239,588 $240,216 $249,639 $280,736 $286,155 
Average value per ton $13.27 $13.36 $13.39 $13.89 $14.4 
Lime RE caian al D 11,451 11,461 12,054 13,113 12,718 
Lime used. EE 6,606 6,524 6,583 7,096 7,029 
EXxDOPU Mi a a edi 60 52 69 51 54 
Imports for consumption -.- 152 81 T3 184 202 
1 Excludes regenerated lime. Excludes Puerto Rico. 
2 Data may not add to totals shown because of independent rounding. 
3 Selling value, f.o.b. plant, excluding cost of containers. 
4 Bureau of the Census. 
DOMESTIC PRODUCTION 
Lime producers sold or used 19.8 million Missouri; Allied Chemical Corp., with 


tons, compared with 20.2 million tons in 
1969, a decrease of 2 percent. Sales of lime 
declined 3 percent, but lime used by prod- 
ucers decreased only 1 percent. Figures in- 
clude Puerto Rico. | 

Production of quicklime was 1 percent 
below that of 1969, hydrated lime produc- 
tion increased 11 percent, and production 
of refractory dolomite declined 26 percent. 
The number of plants decreased from 201 
to 194. 

Seven States, Ohio, Pennsylvania, Mis- 
souri, Texas, Michigan, Virginia, and Loui- 
siana each producing more than 1 million 
tons, accounted for 65 percent of the total 
output. 

Leading producing companies were Mar- 
blehead Lime Co., with four plants in Illi- 
nois and one each in Indiana, Michigan, 
and Missouri; Missisippi Lime Co, in 


plants in New York and Louisiana; Bethle- 
hem Steel Corp., with two plants in Penn- 
sylvania and one in New York; Standard 
Lime & Refractories Co., with plants in 
Ohio, Pennsylvania, Illinois, and West Vir- 
ginia; PPG Industries, Inc., with plants in 
Ohio and Texas; United States Gypsum 
Co. with two plants in Texas and one 
plant each in Ohio, Alabama, Louisiana, 
and Massachusetts; Pfizer, Inc., with plants 
in Ohio, Massachusetts, California, and 
Connecticut; The Dow Chemical Co., with 
plants in Michigan and Texas; and Olin 
Corp. with plants in Louisiana and Vir- 
ginia. These 10 companies, operating 33 
plants, accounted for 45 percent of the 
total lime production. 


1 Phvsical Division of Nonmetallic 


Minerals. 


scientist, 
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Table 2.—Lime sold or used by producers in the United States, by States and kinds 1 


(Thousand short tons and thousand dollars) 


1969 1970 
State — — —P— —— — 
Total Value Hydrate Quicklime Total Value 
„, ß 747 $9,870 126 623 749 $10,286 
A geet 288 5,074 W W 809 4,523 
jw. LII <= si oas 184 2,748 w W 186 2,680 
Sie 585 9, 666 81 490 572 9,911 
Ser 88 127 2,449 ........ 119 119 1,613 
r "———— 182 2,712 w w 167 2,810 
Hawalli cies esse 8 9 287 8 1 9 
Kansas... ra os W i W -------- 6 6 
LOuigigriguy cce i sans copas 822 10,750 W W 1,025 12,811 
Massachusetts 199 3,718 W W 
Mei lococesm ee ec ei DES 1,589 20,372 W W 1,538 21,355 
AAA m-. A 255 2,737 5 203 208 
Nebraska W | HAWww .....-.- 27 27 W 
New Meieo. -------------------- W >, y 87 W 
New York... .. . ae eme odas 1,055 10,224 W W W 
NE 4,159 60,975 234 3,717 3,951 61,197 
On. ce mes wed med adus 115 2,337 W W 96 1.777 
Pennsylvania... aaa 2,008 28,952 322 1,564 1,887 29,279 
Puerto Rico 41 1,505 - 40 1 41 W 
i ultus E 1,688 22,107 782 892 1,673 24,427 
ETC! A eee 91 3,947 W 186 „756 
Vermont. osas ⁵⁰⁰ 8 2 JJC ĩ] ]ù· . 8 
Inn ĩð d u uz sss 1,072 13,653 70 977 1,046 14,090 
West Virginia puc 269 3,648 w W 262 3,757 
Wisconsin 244 4,080 W W 247 4,503 
Wohl ec sees W N 22 22 W 
Other States 2 4,479 60, 405 1,461 7,980 5, 425 78,440 
Tota. 20,250 282,241 3,166 16,622 19,788 287,553 


W Withheld to avoid disclosing individual company confidential data. 


1 Excludes regenerated lime. Includes Puerto Rico. 

2 Includes Connecticut, Idaho, Illinois, Indiana, Iowa, Maryland, Minnesota, Mississippi, Missouri, Nevada, 
o d North Dakota, Oklahoma, South Dakota, Tennessee, Washington, and States indicated by 
symbo 

3 Data may not add to totals shown because of independent rounding. 


Table 3.—Lime sold or used by producers in the United States, by States and markets 1 
(Thousand short tons) 


1969 1970 
State ESA II E II PR eT Ce 
Plants Sold Used Plants Sold Used 

Arizona. -ooococooocococooonocanoooo.- 6 W WwW 7 185 124 
Californie ul Uu s. ista 15 225 360 15 230 342 
Colorado 11 W W Il. ins: 119 
CSC octal x 1 W W 1 8 1 
Rang cesar mo rai | vatios W 8 6 
Mentdanas..s.s es . 255 3 208 
Nebhrr kk A 63 W „ 27 
New Mexic ooo „ W L xmi 37 
)))! 8E 23 2, 548 1,611 20 2,315 1,636 
Puerto Rieo 2- --------------- 1 Al .......- 1 14 8 
pas EA ⁵ ⅛ð EE 15 866 768 13 934 789 
Vermont ias: jj S % ens «ae. na 

Woll. ſddd ³ ĩé Wo C eebe 
Other States A S NNUS 116 9,472 4,102 114 9,046 3,768 
Total; c sacos tos y 202 13,154 7,096 195 12,759 7,029 


W Withheld to avoid disclosing individual company confidential data. 


1 Excludes regenerated lime. Includes Puerto Rico. 

2 Includes Alabama, Arkansas, Connecticut, Florida, Idaho, Illinois, Indiana, Iowa, Louisiana, Maryland, 
Massachusetts, Michigan, Minnesota, Mississippi, Missouri, Nevada, New Jersey, New York, North Dakota, 
Oklahoma, Oregon, Pennsylvania, South Dakota, Tennessee, Utah, Virginia, Washington, West Virginia, 
Wisconsin, and States indicated by symbol W. 
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Table 4.—Lime sold or used by producers in the United States, by size of plant 1 


Size of plant 


Plants 

Less than 10,00ohohũ“ „7“ 42 
10,000 to less than 25,000. _.----------- 40 
25,000 to less than 50, 0000 `. 34 
50,000 to less than 100, 00⸗o0o 29 
100,000 to less than 200, 00⸗ bobo 22 
200,000 to less than 400, 00⸗0o ...... 35 
400,000 and over 

Total con a eee Oh 202 


1 Excludes regenerated lime. Includes Puerto Rico. 


1969 1970 
Thousand Percent Thousand Percent 
short of Plants short of 
tons total tons total 

209 1 46 209 1 
645 3 35 564 3 
1,215 6 28 1,060 5 
2,024 10 28 2,025 10 
3,371 17 24 7 : us. 19 
27 , 81 40 
12,787 63 | 1 MS 29 
2 20,250 100 195 19,788 100 


2 Data may not add to total shown because of independent rounding. 
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Figure I. Trends in major uses of lime. 


Round Rock Lime Co. announced plans 
for a new vertical limekiln, to be con- 
structed near Round Rock, Tex. When 
completed, the old plant at Round Rock 
will be closed. 

United States Steel Corp. completed its 
new limekiln at Lorain, Ohio. Lime pro- 
duction started in December. The plant 


includes two 350-ton-per-day (tpd) vertical 
limekilns which use natural gas. The plant 
produces quicklime for use in the com- 
pany's new $80 million basic-oxygen-furnace 
(BOF) complex. 

The Flintkote Co. completed a new hy- 
drating plant at City of Industry, Calif., 15 
miles from Los Angeles. The plant receives 
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quicklime from its Apex, Nev., plant and 
either processes it for sale, or hydrates and 
processes the hydrate for sale. 

Plant expansions announced or started 
during the year included: 

Huron Lime Co., Huron, Ohio—a third 


rotary kiln to raise capacity to 1,200 tpd. 
Cost is estimated at $2 million. 


Pfizer, Inc., Gibsonburg, Ohio—a new ro- 
tary kiln to increase capacity an additional 
130,000 tons per year (tpy). 

St. Clair Lime Co., Marble City, Okla.— 


a new rotary kiln to raise capacity from 
200 to 550 tpd. 
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The Flintkote Co., Apex, Nev.—a third 
rotary kiln to increase capacity an addi- 
tional 300 tpd. 

CF&I Steel Corp., Pueblo, Colo.—a new 
vertical kiln to increase capacity an addi- 
tional 300 tpd. 

Texas Lime Co., Cleburne, Tex.—a new 
350-tpd kiln and two new 10-ton-per-hour 
hydrators. 

Warner Co., Cedar Hollow, Pa.—a new 
300-tpd rotary kiln. Cost is estimated at $2 
million. 

The Flintkote Co., Richmond, Calif.—a 
new hydrating plant to process quicklime 
from the company's Apex, Nev., plant. 


Table 5.—Lime sold or used by producers in the United States, by uses 1 


(Thousand short tons and thousand dollars) 


1969 1970 b 
Use —T —— T  sN— 
Sold Used Total Sold Used Total Value 
Arien cre lod 180 ...... 180 142 ...... 142 $2,389 
Construction: 
Soil stabilization....................- 788 W W 888 ...... 888 16,136 
Mason's lime.......................- 456 W W 424 W 8,428 
Finishing lin 278 w w 198 196 3, 582 
Other uses 15 W W ` 2 aid 2 4 
PCP fad E uz 1,532 W W 1,510 W W 28,189 
Chemical and industrial: 
h/ eles cs W W W 4,317 856 5,173 67,955 
Alkalie s. 75 2,926 3, 002 W W 3,121 39,348 
Water purification 1,112 w W 1,217 10 1,227 17,195 
Paper and pulsss8ssddd 970 W W 918 85 1,003 14,734 
Sugar refinin gg 31 702 733 43 654 697 13, 422 
Steel, open-heart nnn W W 378 220 598 8,158 
Copper ore concentration 193 316 509 228 350 578 7,612 
Calcium earbide 491 274 765 W W 561 6,871 
Steel, electric. .------------------0-- w W W W W 508 7,087 
Aluminum and bausite 183 WwW W W W 381 5,099 
(ID —-————— ————————— Z 890 —— 390 3277 —n 327 4, 428 
S8SSJ0)öê :w ⁵ xd 401 83 484 293 22 315 4,886 
Other metallurg / W W W W W 124 1,738 
Petroleum refinin g W W W 58 58 858 
Tanning. u Z. A 8 w W W 86 ...... 36 658 
Insecticides.......................... W ....-- W 84 A 84 549 
%))! :ʃ 8 W i: w 28 28 460 
Magnesium- .---------2---------M WWW W I3 i22. 18 W 
Sand-lime brick 20- usas 20 I0. lx 1 152 
Oil well drilling W W 88 6 87 
ine our 13 4 4 ....-- 4 68 
FFI ³Ü˙˙ Eeer W W . 3 46 
Wire drawing W W W w w 3 W 
Coke._-_. mais Ee W sa Ww EE Ee 1 15 
Other uses ee 6,015 W W 1,958 W W 29,864 
Total toma cora 9,885 W W 9,872 W W 281,285 
Refractory dolomite. -------------------- 1,524 343 1,866 1,235 138 1,873 25,740 
Grand total T ù˖ ) 13,154 7,096 20,250 12,759 7,029 19,788 287, 558 


W Withheld to avoid disclosing individual company confidential data. 


1 Excludes regenerated lime. Includes Puerto Rico. 


2 Includes other chemical uses, magnesium from sea water, 


trochemicals, whiting, other ore concentration, 


other steel furnaces, magnesium metal, wire drawing, and rubber. 


3 Includes uses indicated by symbol W. 


4 Data may not add to totals shown because of independent rounding. 
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Table 6.—Destination of shipments of lime sold or used by producers 
in the United States in 1970, by States 1 


(Thousand short tons) 


Hydrated 
State Quicklime lime Total 

I um os ea WEEDS. MI E LM. 22 W W 379 
AZ A a iia W W 298 
RA EEN W w 174 
ieh. ⁰ a 645 122 767 
G ³⁰o¹wmq mE EE ma 2 136 9 145 
Desde W W 16 
A 5m:mqm ] See see y A 278 42 320 
il) up MN Ee 107 19 126 
Ho cm —————————————— ama saya 1,005 146 1,151 
r c 1,265 78 1,343 
TOW. uum a e Rc an ˙0b·ůBdt n ˙r◻mmtß 8 97 22 119 
EC ]˙Ü⁰i ... y . UD E CE W W 102 
Kentucky. st A 503 15 518 
C111; ĩ˙uww⁰ ]75“1ẽm e E W 1,014 

Mane MAA ::: wk. LE u E AE W W 
Maryland sedere os ES m; EE sss z, 412 20 432 
Massachusetts W W 64 
Me. ⁵ðV] uu RR ³ AA ²;b; 8 1,687 82 1,769 
ee e e e ia 71 14 185 
MISSISSIDDI ³˙¹ A“6 ³ ee 129 7 136 
Missouri ees eode ²˙ꝛ.i Aff X K y eel nee 164 37 201 
A enc Add rte Pe 8 215 8 224 
Nebraska, e ß 35 9 43 
Nevada cuina e f ee oa S S iio w W 51 
rh ð Add d W W 4 
N ban aora am d laa S 67 83 150 
h ow AA ðè v da ee Li W W 84 
New ;o e Ad. t de a Z aswa 1,034 116 1,149 
Nor ⁵ðU i ³ð³ / 89 29 119 
IJ ðKvdſͥ m y Es ha 2,816 113 2,929 
O ncc s eee M LLL ciii A 12 20 132 
Pennsylvania cuci u . aa 1,710 229 1,939 
Puerto: RCO EE a eee E eat 1 40 41 
Rhode: Island. s coito a ee 8 9 5 14 
South: Garelli... os 30 9 39 
I ss tas o da Sate 103 41 145 
VK A AE 957 792 1,749 
l ͥ ³¾˙³ͥͤ²vꝛ a io w 175 
Vicio a is ai tn da eee 293 31 325 
Washington. tri ae 95 15 110 
West Virgina. cocti ⁰ͥꝑ ß ias 352 33 385 
Jr ün0õͤ Eme ⁰¹ ff 101 46 147 
MVOMIBE ee SE W W 25 

Exports: 

l.... ³·ð¹.w-wæ d S una usa 22 10 32 
Other eountriesg eee eee eee 12 44 
Other EE 1,951 912 419 
r o ee ee ee EI LAT s 16,622 3,166 19,788 


W Withheld to avoid disclosing individual company confidential data. 


1 Excludes regenerated lime. Includes Puerto Rico. 


2 Includes Alaska, Connecticut, District of Columbia, Hawaii, Idaho, North Dakota, Oklahoma, South 


Dakota, Vermont, and States indicated by symbol W. 


3 Data may not add to totals shown because of independent rounding. 


CONSUMPTION AND USES 


Lime was consumed in every State, for a 
wide variety of uses. Leading consumers 
were the highly industrialized States Ohio, 
Pennsylvania, Michigan, Texas, Indiana, Il- 
linois, New York, and Louisiana each of 
which consumed more than 1 million tons. 
Total consumption in these eight States ac- 
counted for 66 percent of the total. 

The four principal uses for open market 


lime were chemical, 77 percent; construc- 
tion, 12 percent; refractory, 10 percent; 
and agricultural, 1 percent. 

Lime consumed by producers accounted 
for 36 percent of the total, compared with 
35 percent in 1969. "The new Lorain lime- 
kiln of United States Steel Corp. will 
increase this captive percentage in 1971. 
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The leading individual uses for total 
lime sold or used were: The BOF, alkalies, 
other chemical uses, refractories, water pu- 
rification, and paper and pulp. Each of 
these uses required more than 1 million 
- tons Of lime. 
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Lime used in agriculture continued to 
decline, decreasing 21 percent from the 
1969 level. Refractory dolomite use also 
continued its downward trend, decreasing 
26 percent. Total chemical and industrial 
uses were about the same. 


PRICES 


The average value of lime sold or used 
in 1970 was $14.53 per ton, an increase of 
4 percent over the 1969 value of $13.94. 

Values for quicklime ranged $13.73 for 
chemical lime, to $14.77 for agricultural 
lime, to $16.77 for construction lime, and 
to $18.84 for refractory dolomite. 

Values for hydrated lime ranged from 


$15.10 for chemical lime to $17.27 for agri- 
cultural lime, and $18.20 for construction 
lime. 

All these values are Lob, plant of man- 
ufacture and do not include cost of con- 
tainers. Prices quoted in trade journals are 
generally much higher and include cost of 
containers and delivery charges. 


FOREIGN TRADE 


Exports of lime increased 6 percent but 
were 22 percent below the 1968 record. Of 
the total exported, Canada received 67 per- 
cent, Mexico 12 percent, Surinam 7 per- 
cent, Guyana 5 percent, and British Baha- 
mas 2 percent, the remaining 7 percent 
went to 38 countries, listed in order of 
quantities received: the Philippines, Pan- 
ama, Venezuela, Bermuda, Japan, West 
Germany, British Honduras, Haiti, Nigeria, 
Honduras, Australia, Sweden, Greece, 
Trust Territories of the Pacific Islands, 
Angola, Italy, Trinidad, Jamaica, Brazil, 
Saudi Arabia, Belgium, Netherlands An- 
tilles, Peru, Argentina, Republic of South 
Africa, Nicaragua, Leeward and Windward 
Islands, Costa Rica, France, Austria, Paki- 


stan, Dominican Republic, Iran, New Zea- 
land, Spain, Liberia, Colombia, and El Sal- 
vador. 

Lime imports, mainly from Canada, 
increased 10 percent above the 1969 record, 
and exceeded 200,000 tons for the first 
time. Small quantities also were imported 
from France, the United Kingdom, West 
Germany, Japan, and Mexico. 


Table 7.—U.S. exports of lime 


Table 8.—U.S. imports for consumption of lime 


Hydrated lime 


Year 

Short Value 
tons (thousands) 
19661. es: 203 $5 
193 mm 545 12 
1968 EE 873 21 
199. 8 39,270 542 
A Ai s 94,158 479 

r Revised. 


Year Short Value 
tons (thousands) 
A ee pees 68,915 $1,437 
1989. E; 51, 006 1,153 
197022 A 53,876 1,391 
Other lime Total 

Short Value Short Value 
tons (thousands) tons (thousands) 
151,703 $1,772 151,906 $1,777 
79 ,983 961 80,528 973 
71,632 877 72,505 898 
144,471 1,911 183,741 2,453 
167,432 1,946 201,590 2,425 


WORLD REVIEW 


Canada.—Lime plants have been estab- 
lished near urban and industrial centers in 
Canada, mainly in the Provinces of On- 
tario and Quebec. During 1969, 23 plants 
were active, one in Newfoundland, four in 
Quebec, 11 in Ontario, three in Manitoba, 


and four in Alberta. Of the 90 kilns in op- 
eration, 19 were rotary, 68 were vertical, 


onc was vibratory-grate, and two were 
rotary-grate. Production in 1969 was 
1,635,000. 


Companies active in Ontario included 


LIME 


Allied Chemical Canada, Ltd., Bonnechere 
Lime, Ltd., Canadian Gypsum Co., Ltd. 
Chemical Lime, Ltd., Cyanamid of Canada, 
Ltd., Domtar Chemicals, Ltd., and Reiss 
Lime Co. of Canada, Ltd. 

Active companies in Quebec were Do- 


Table 9.—Quicklime and hydrated lime, including dead-burned dolomite: 


World production by countries 


(Thousand short tons) 


Country ! 


North America: 
Canada ESCORT PCIE 8 
Costs. Rica EE 
RA A IA 
Puerto: RICO: a to ER 


Hungary EE 
F o⸗ dE ee 


U.S.S.R 

hh ——— Áo 
Africa: 

Ethiopia (including Eritree ))) 

South Africa, Republic of (sales) 


G» toe sia a bue e ce du cs 
A. e dL scende ²³VW—¹WAAA tle = LL E E E E 
Asia: 


ÄRT ER 
Finn 
SSC ⅛ ”QdUwi dd 8 
Taiwani- au boson Meee ec ³ð2ẽ6—. . 
Oceania: 
Austen... 
III; ͤ ³⁰ d 8 


minion Lime, 


18,637 


1,669 
r 1,009 


r 94,010 


20,209 


er 1,800 
1,100 
21 


56 


99,067 
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Ltd., Domtar Chemicals, 
Ltd., Gulf Oil Canada, Ltd., and Quebec 
Sugar Refinery. 


Poland.—Construction began on a 250,000- 
tpy lime plant at Tarnow, Opolski, Poland. 


1970 p 


1,626 
9 

24 

41 
19,747 
e 1,800 
1,100 


105,829 


eg 


e Estimate. p Preliminary. r Revised. 


1 Lime is produced in many other countries besides those listed. Congo (Kinshasa), Me 


xico, Nicaragua, Vene- 


zuela, and the United Kingdom are among the more important countries for which official data are unavailable. 


2 Year ended June 30 of year stated. 


674 


MINERALS YEARBOOK, 1970 


TECHNOLOGY 


There was little or no improvement in 
the technology of lime making during the 
year. The impact of the BOF on dramati- 
cally increasing lime consumption leveled 
off. 

A multicolumn vertical limekiln was mar- 
keted in the United States and Canada by 
Kennedy Van Saun Corp. Known as the 
“Schmid-Hofer” limekiln, it was developed 
in Austria in 1957. | 


The new Lorain plant of United States 
Steel Corp., designed and built by Dravo 
Corp., includes the two biggest vertical 
shaft kilns ever installed for a steel com- 
pany in the United States. In the kilns, 
raw limestone is calcined by natural gas 
fed through seven burner beams. Each kiln 
has a capacity of 350 tons per day. 


Magnesium 


By E. Chin: 


Production and shipments of magnesium 
metal increased in 1970, and deliveries of 
metal from the Government stockpile con- 
tinued throughout the year. The domestic 
production capacity for magnesium in- 
creased substantially in 1970, and an over- 
supply of metal may result within 1 or 2 
years. In the Great Salt Lake area of Utah, 
construction and other developmental ac- 
tivities aimed at the use of the lake's 
brines as a source of magnesium contin- 
ued. 


Legislation and Government Programs. 
—The General Services Administration 
(GSA) under authorization of Public Laws 
90-604 and 91-321, continued the disposal 
of magnesium from the Government stock- 
pile. A total of 14,572 short tons of magne- 
sium was sold during 1970, leaving 99,646 
short tons in the stockpile at yearend. On 
March 4, 1970, the Office of Emergency 
Preparedness removed magnesium from the 
list of strategic and critical materials, and 
the stockpile objective for magnesium was 
abolished. 


Table 1.—Salient magnesium statistics 
(Short tons) 


1966 1967 1968 1969 1970 
United States: 
Production: 

Primary magnesium.....................- 79,794 97,406 98,375 799,887 112,007 

Secondary magnesium. ................... 15,129 13,444 15,525 13,470 12,042 
Shipments: Primary...........-..-......-....-- 96,443 100,743 103,671 r117,695 118,698 
Fh ³ðWAA. y 15, 448 13,173 19,457 27,372 35,720 
Imports for consumption- . 3,959 9,721 4,808 4,316 ,295 
G. 82,914 90, 825 86,427 95,132 93,495 
Price per pound dd cents 35.2 35.25 35. 25 35.25 35.25 
World: Primary production 179,894 208,575 212,305 221,748 p 243,250 


p Preliminary. Revised. 


DOMESTIC PRODUCTION 


U.S. production of primary magnesium 
rose 12 percent in 1970, to 112,007 short 
tons. Secondary magnesium recovery was 
estimated to be 12,000 tons for the year. 
The entire quantity of primary magnesium 
metal produced came from The Dow Chem- 
ical Company's electrolytic plants in Free- 
port and Velasco, Tex., and from American 
Magnesium  Co.s electrolytic plant in 
Snyder, Tex. 

Oregon Metallurgical Corp. completed 
an expansion program at its Albany, Oreg., 
plant. This plant uses modified Alcan cells 
for electrolytic reduction of magnesium 
chloride generated at the plant as a by- 
product of titanium production. 

National Lead Co.'s three solar evapora- 


tion ponds in the Stanbury Basin of the 
Great Salt Lake produced over 600,000 tons 
of brine concentrate. This concentrate, 
which has a magnesium content of about 
7.5 percent, will be further processed to 
produce anhydrous magnesium chloride for 
electrolytic reduction to magnesium metal. 
A reduction plant, being built on the 
southwestern shore of the lake, near Row- 
ley and Grantsville, Tooele County, Utah, 
will have an annual capacity of 45,000 tons 
per year of magnesium metal. Plant start- 
up is scheduled to begin late in 1971. 
The plant will also produce chlorine, cal- 
cium sulfate, potash salts, lithium, and 
other compounds. 


1 Chemist, Division of Nonferrous Metals. 
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Table 2.—Magnesium recovered from scrap processed in the United States, 
by kinds of scrap and forms of recovery 


(Short tons) 


1966 1967 1968 1969 1970 
Kind of scrap: 

New scrap: | 
Magnesium- basses 6,462 5,062 7,006 4,767 4,564 
Aluminum- base 4,127 4,266 5,050 5,712 4,698 
/ ³˙¹¹ end ceu n e ie i 10,589 9,328 12,056 10,479 9,262 

Old scrap: 
Magnesium- base 3,321 2,973 2,113 1,700 1,518 
Aluminum- base 1,219 1,143 1,356 1,291 1,262 
Tobal cnica e uL E 4,540 4,116 3,469 2,991 2,780 
Grand Total- __ 22202 dee ch Ee ECT 15,129 18,444 15,525 12,470 12,042 
Form of recovery: 
Magnesium alloy ingot 22... 5,202 3,760 2,502 8,231 2,006 
Magnesium alloy castings (gross weight) r2 39 15 11 13 
Magnesium alloy shapes. 70 108 82 149 189 
Aluminum allo ys r 6,333 6,157 9,900 8,378 7,088 
Zinc and other alloy 1 1 18 r 13 24 
Chemical and other dissipative uses. 281 25 64 r 65 80 
Cathodic protectioůnn LLL c LLL ll... 8,199 8,342 2,944 71,628 2,642 
/ setae eL cL Ls dU DUE 15,129 13,444 15,525 13,470 12,042 
r Revised. 


! Figures include secondary magnesium content of both secondary and primary magnesium alloy ingot. 


Great Salt Lake Minerals and Chemicals 
Corp. began concentration of lake brine at 
its 14,000-acre evaporation pond on the 
east shore of the Great Salt Lake near 
Ogden, Utah. In cooperation with the Dow 
Chemical Co. Great Salt Lake Minerals 
will process the bittern to produce anhy- 
drous magnesium chloride for a new mag- 
nesium electrolytic plant to be built by 
Dow in Dallesport, Wash. The solar evapo- 
ration installation, largest of its kind in 
the world, will have initial annual capaci- 
ties of 100,000 tons of anhydrous magne- 
sium chloride, 240,000 tons of potassium 
sulfate, and 150,000 tons of sodium sulfate. 
Late in 1970, Dow Chemical announced a 
slowdown in the construction of the metal 


plant. The completion of the $20 million 
Dallesport project, originally scheduled to 
come onstream in the second half of 1971 
with an initial capacity of 25,000 tons of 
magnesium metal per year, is now sched- 
uled for mid-1972. 

The Aluminum Company of America 
announced plans for constructing a plant 
at Addy, Wash. to produce magnesium 
from dolomite by the silicothermic process. 
The target date for operation is 1974 and 
the Bonneville Power Administration has 
contracted to furnish power by that date. 
The plant is estimated to cost $25 to 850 
million and will employ between 300 and 
400 people when on stream. 


CONSUMPTION AND USES 


Consumption of magnesium decreased 
1.7 percent in 1970 to 93,495 tons. Distrib- 
utive or sacrificial applications, in which 
magnesium is used for its chemical proper- 
ties, accounted for 75.1 percent of the 
magnesium consumption. Structural prod- 
ucts, such as castings and wrought prod- 


ucts, accounted for the remainder. As in 
the previous year, the largest single use of 
magnesium was for aluminum alloys which 
accounted for 39.0 percent of the total 
consumption in 1970. Magnesium used for 
die castings increased 20.3 percent to 9,002 
tons. 


MAGNESIUM 677 
Table 3.—Consumption of primary magnesium in the United States, by uses 
(Short tons) 
1966 1967 1968 1969 1970 
For structural products: 
Castings: 
TE A k A 3,961 3,848 3,740 2, 562 1,735 
/ )7ſhG0—ſddddſdddw 8 4,980 8,366 7,337 7,484 9,002 
Permanent mold .------------------------- 632 555 607 404 260 
Wrought products: 
Sheet and plate-..---------------------------- 6,075 (2) (2) (2) (2) 
Extrusions (structural shapes, tubing) 7,100 10,517 11,280 18,110 12,250 
KC D EE 22,748 23,286 22,964 23,560 23,247 
For distributive or sacrificial purposes: li 
M/ ⁰˙¹imAA FFC (1) (4) (4) (4) 5,646 
Aluminum alloyᷣ hh 30,862 31,244 34,484 37,375 : 
Zine alloys. c v 1 53 5 54 
Other alloys: 2a renu a o o bucal 1,975 2,370 (4) (4) (4) 
Scavenger and deovidizer. „ 195 (4) (4) (4) (4) 
S ³o—ꝓOw aces 4,604 5,214 (4) (4) 8,385 
Cathodic protection (anodes ) 4,670 4,855 5,714 6,087 5,778 
Reducing agent for titanium, zirconium, hafnium, 
uranium, and beryllium- ------------------------ 8,42 6,704 6,209 7,363 6,300 
lr ete (4) (4) 2,480 2,374 4,720 
Other a 250 41e e r9 331 r17,099 14,524 r 18,319 2,841 
Totál ˙¹1wꝛꝛà⁴² ͥ ͥ ͥͥ E— r 60,166 67,539 63,463 71,572 70, 248 
Grand Bd EEN r 82,914 r90,825 86,427 r95,132 93,495 


r Revised. 


1 Includes primary metal to produce small quantities of investment castings. 


2 Included with ‘‘Extrusions.’’ 
3 Includes “Forgings.”” 
4 Included with “Other.” 


5 Includes primary metal for experimental purposes, debismuthizing lead, and miscellaneous uses. 


PRICES 


As it has been for more than a decade, 
the quoted base price for primary magne- 
sium pig and ingot in 10,000-pound lots, 
99.8 percent magnesium, f.o.b. plant, re- 
mained at 35.25 and 36.00 cents per pound 
throughout the year. However, The Dow 
Chemical Co. announced that the price of 
pig and ingot will be increased to 36.25 
and 37.00 cents per pound effective Janu- 


ary 1, 1971. Magnesium alloy prices re- 
mained the same throughout the year. 

Depending upon the state of preserva- 
tion of the metal available from the 
national stockpile, GSA accepted bids for 
primary magnesium ranging from 30.015 to 
33.000 cents per pound, f.o.b. storage loca- 
tions. The average price of metal sold by 
GSA during the year was 31.894 cents per 
pound. 


STOCKS 


Producer and consumer stocks of pri- 


mary magnesium totaled 9,195 tons as of 


December 31, 1970. Yearend stocks of pri- 
mary magnesium alloy ingot were 3,501 


short tons. Stocks a vear earlier were 9,126 
short tons of primary metal and 3,446 
short tons of alloy ingot. 


Table 4.—Stocks and consumption of new and old magnesium 
scrap in the United States in 1970 
(Short tons) 


Stocks 
Scrap item Jan. 1" Receipts 
Cast sera 188 2.957 
Solid wrought scrap !...... 1,213 4,831 
Total. sado a 1,401 7,188 
r Revised. 


1 Includes borings, turnings, drosses, etc. 


Consumption Stocks 
„„ Ge — Dec. 31 
New scrap Old scrap Total 
302 1,854 2,156 389 
o A 5,272 772 
5,574 1,854 7,428 1,161 
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FOREIGN TRADE 


U.S. exports of primary magnesium rose 
from 4,467 short tons in 1960 to 34,185 
tons in 1970. Except for the 1966-67 pe- 
riod, the trend since 1960 has been up- 
ward. West Germany was the largest cus- 


tomer for U.S. magnesium, accounting for 


56 percent of the total exported in 1970. 
Imports by Brazil, Japan, and Mexico in- 
creased over the previous year and collec- 
tively accounted for 22 percent of the total 
primary metal exported. Exports to Can- 
ada decreased about 41 percent, from 2,345 
short tons 1v 1969 to 1,389 tons in 1970. 


Imports for consumption of magnesium 
(metallic and scrap) continued the down- 
ward trend established in 1968. Imports in 
1970 dropped 16 percent from the previous 
year. Canada, by far the largest of U.S. 
sources, contributed 69 percent of the total 
metal imported. West Germany, the Re- 
public of South Africa, Belgium-Luxem- 
bourg, the Netherlands, Hong Kong, the 
United Kingdom, and Italy accounted for 
25 percent of the total U.S. imports; the 
remaining 6 percent was contributed by 10 
other nations. 


Table 5.—U.S. exports of magnesium, by classes and countries 


1969 


Primary metals, 


alloys, and 


Destination scrap 

Short Value 

tons (thou- 

sands) 
Argentinazaza 141 $79 
Australia. = ul ll uu lulu mer 867 478 
AUS. ::: . a Du. de 
Belgium-Luxembourg. ........... 23 166 
faz]... ee 2,663 1,498 
Canada Col uu ne i acia 2,945 1,421 

Colombia... ecc coco 2 2 
Franc NN DCN 130 93 
Germany, West 15,954 8,982 
G)ͤi ³˙1¹¹]] aa SEIS. emu. 8 
. ⁰ 8 106 71 
Indonesia 10 5 
Ilstüel. 2:52 E 21 17 
bh EEN 222 131 
ö;ÜöÄ— A 227 160 
Mexico_... 305 190 
Netherlands 1,267 876 
New Zealand.................... 68 40 
NOWAY AMA eee T ss 84 48 
Philippines. 2 2 
South Africa, Republic oft 46 26 
A Uc eee oh 441 251 
SUMA MD locas a a ate 54 33 
S/] rasca e 44 23 
Switzerland... .................. 2 3 
United Kingdom 545 338 
Venezuela. ....................- 190 156 
Füge. ðᷣ GE. 
Other ice ee hee 87 22 
Total: See 8 26,082 15,137 


1 Less than 1⁄ unit. 


Under the provisions of the “Kennedy 
round” trade agreements, another series of 
tariff reductions became effective on Janu- 
ary 1, 1970. The import duty on nonal- 
loyed unwrought magnesium dropped to 
28 percent from the 32 percent ad valorem 
rate of the previous year; the duty on un- 
wrought alloys was lowered from 12.8 cents 


Semifabricated Primary metals, 


1970 


Semifabricated _ 


forms, n.e.c., alloys, and forms, n.e.c., 
including powder scrap including powder 
Short Value Short Value Short Value 
tons (thou- tons (thou- tons (thou- 
sands) sands) sands) 
3 $5 211 $127 16 $26 
87 272 982 563 56 112 
3 A 198 VEL: .. 2222. ala 
23 34 771 441 17 
Ee 5,495 8,118 o (1) 
476 945 1,389 852 216 888 
57 70 () 1 18 18 
14 35 383 405 14 28 
21 19,144 10,774 13 33 
A cama: 86 130 66 
(2) 1 124 89 80 60 
3 2 (1) (1) 27 43 
103 169 32 19 50 69 
13 378 216 70 47 
105 263 1,127 872 299 359 
195 195 1,164 907 189 207 
152 625 316 178 169 725 
3 5 60 34 1 2 
3 8 757 456 1 4 
42 24. uut. ` K P 2 2 
(1) (2) 168 94 aii Da 
2 4 481 270 58 87 
3 25 15. seran. 8 
4 SS 8 25 44 
12 21 225 127 12 21 
20 41 309 176 19 43 
7 7 249 162 40 36 
(1) 4 122 68- usc 8 
21 40 80 50 38 35 
1,340 2,824 34,185 20,120 1,547 2,422 


per pound on magnesium content plus 6 
percent ad valorem to 1] cents per pound 
plus 5.5 percent ad valorem; and the duty 
on wrought magnesium was reduced from 
10.5 cents per pound on magnesium con- 
tent plus 5.5 percent ad valorem to 9.4 
cents per pound plus 4.5 percent ad valo- 
rem. : 
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Table 6.—U.S. exports and imports for consumption of magnesium 


Exports 
Metal and alloys in crude Semifabricated forms, 
Year form and scrap n.e.c. 
Value Value 
Short tons (thousands) Short tons (thousands) 
ENEE ee 18,364 $10,719 1,093 $2,380 
1969- Eee 4 26,032 15,137 1,340 2,824 
1910. ²·˙A aye nda 94,185 20,120 1,547 2,422 
Imports 
Alloys Powder, sheets, tubing, 
Metallic and scrap (magnesium content) ribbons, wire, and other 
forms (magnesium content) 
Short Value Short Value Short Value 
tons (thousands) tons (thousands) tons (thousands) 
d. EAE ERIS 4,077 $2,203 656 $1,228 r 75 r $825 
1999 8 3,515 1,913 467 1,175 r 834 r 1,168 
“ 2, 948 1, 566 122 300 225 637 


r Revised to include manufactures of articles of magnesium. 


WORLD 


REVIEW 


World production of magnesium rose 
about 10 percent in 1970 and totaled 
243,250 short tons. The United States pro- 


total, followed by the U.S.S.R., 23 percent, 
and Norway, 16 percent. 

World producers of magnesium with ca- 
pacities, processes, and plant locations are 


duced 46 percent of the estimated world as follows: 
| Capacity 
Country Company (short tons) Process Plant location 

Canada........ Dominion Magnesium Ltd 12,000 Silicothermic... Haley, Ontario. 

France Compagnie de Produits Chimiques et. 7,000 ....do........ Marignac. 
Electrométallurgiques (Péchiney) - (35 per- 
cent). Societé d'Electrochimie, d'Electro- 
métallurgie et des Aciéries Electriques 
d'Ugine (35 percent), Société des Produits 
Azotés (SPA) - (30 percent). 

Italy: «so Societa Italiana per il Magnesio e 7,000 ....do........ Bolzano. 

Leghe di Magnesio. 

Japan Furukawa Magnesium Co. Ltd 6, 600 do Koyama. 
UBE Industries, Ltd___---------------- 6,000 ....do........ Yamaguchi. 

Norway......- Heroya Electrokemiske Fabrikker A/S.... 40,000 I.G. Farben- Heroya. 

subsidiary of Norsk Hydro-Elektrisk A/S, industrie. 

U.S. S. R 0000 Ne oe ⁰⁰y ⁰ʒ Za u ace 50,000 Electrolytic.... NA. 

United States.. American Magnesium Co_.. 30,000 ....do.......- Snyder, Tex. 
The Dow Chemical Co. ................- 120,000 Dow cells...... Freeport, Tex. 
Titanium Metals Corporation of America.. 1 12, 000 Electrolytic.... Henderson, Nev. 
Oregon Metallurgical Corp..............- 12,500 ....do.......- Albany, Oreg. 


NA Not available. 
1 Captive use. 


France.—Société Générale du Magnesium 
is undertaking further expansion of its 
plant at Marignac. Installation of a sixth 
electrothermic reduction furnace using the 
magnetherm process for the reduction of 
dolomite with ferrosilicon is scheduled for 
completion in April 1971. The new fur- 


nace will raise plant capacity to 9,000 tons 


per year. Plans for a further increase in 
capacity to 16,000 tons per year are being 
considered. 


Greece.—The Greek Government has is- 
sued details of a $200 million investment 
agreement with Stavros Niarchos. In addi- 
tion to a proposed steel plant, the agree- 
ment includes a magnesium metal plant 
with an annual capacity of 30,000 tons. 

India.—The Central Government and 
the Tamilnadu State authorities are dis- 
cussing the feasibility of a joint project for 
a magnesium pilot plant. This proposed 
plant will have an initial annual capacity 


680 


of 250 to 300 metric tons and will use an 
electrolytic process developed by the Cen- 
tral Electrochemical Research Institute at 
Karaikudi. Little progress has been made 
on the plans by the Central Government 
to establish a 250-ton-per-year magnesium 
plant, which will use a process developed 
by the National Metallurgical Laboratory 
of Jamshedpur. 

Japan.—Mitsubishi Chemical Industries 
Co., Ltd., is planning to build a small 
electrolytic magnesium plant with an ini- 
tial capacity of 5,000 tons per year. The 
Dow Chemical Co., which will be a part- 
ner in the venture, will provide magne- 
sium chloride feed for the plant in addi- 
tion to supplying process know-how under 
a licensing agreement. 

Norway.—Norsk Hydro Elektrisk A/S 
continued expansion of its magnesium pro- 
duction facilities at Heroya, which was ex- 
pected to raise its capacity to 47,000 tons 
per year by the fall of 1972. An additional 


Table 7.—Primary magnesium: 
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expansion of 8,000 tons per year was also 
planned. 

West Germany.—Norsk Hydro  an- 
nounced that its joint venture with Salz- 
detfurth A.G. to build a 30,000-ton-per- 
year magnesium plant in Germany has 
been indefinitely postponed. However, 
Norsk Hydro and Salzdetfurth are continu- 
ing to study the feasibility of a magnesium 
plant in Germany. 

Yugoslavia.—The location of Yugoslavia's 
first primary magnesium plant has been 
changed from the original site at Kraljevo 
to nearby Jajce. The 4,400-ton-per-year sili- 
co-thermic reduction facility, scheduled to 
come on stream in 1973, is a joint project 
of Magnohrom of Kraljero and Electro- 
bosna of Jajce. The last-minute switch was 
made on the basis of the proximity of far 
larger reserves of dolomite and ferrosilicon. 
There are also two large power stations in 
the mountainous Jajce location. 


World production, by countries 


(Short tons) 


Country 1968 1969. 1970 » 

Canada s X 22 cac E A ED EE 9,928 10,687 9,588 
China; mainlanG ð;v ⁰⁰⁰ yd m ais r 1,100 1,100 1,100 
lori. Me RS 4,938 4,866 56, 000 
TAY ieee cee V. w- ĩ yd mn 7,273 7,385 7,165 
J NET Qu saa 2 6,286 10,340 11,395 
N dd sap r 34,487 34,333 e 89,000 
PↄUrd.ꝰʒæ;ð . ² ² ³ꝓæ. ⁰ m . 2 S un au Q r 46,000 50,000 55, 000 
United Finrndeendndndddd 8,968 v3, 200 3, 000 
e y ⁰AaAꝓdddddVĩ uum 98,375 99 „887 112, 007 

Total 2 Gere ³⁰¹wuw⁴ddi y DUE r 212,305 221,748 243, 250 

e Estimate. P Preliminary. r Revised. 
TECHNOLOGY 


A technique was developed by the Har- 
vill Aircraft Die Casting Corp. to check 
the soundness of aircraft diecastings. This 
process, called flotation inspection, depends 
on the preparation of a test solution of a 
desired specific gravity. If a casting re- 
mains submerged in the test solution, it 
can be considered sound, but if it rises 
and floats on top of the solution, it is un- 
acceptable due to porosity.? 

Magnesium Elektron, Ltd., developed 
magnesium alloys which display a paste- 
like property over a comparatively wide 
temperature range, and which could lead 
to a new high-speed technique for produc- 
ing thick-sectioned, light-weight compo- 
nents for use in aircraft, automobiles, and 


other equipment. The unique property of 
remaining in a paste-like state permits 
placing a measured amount of molten 
alloy in the bottom half of a mold and 
closing the die at forging speed. After a 
few seconds, the die can be opened and 
the part ejected.3 

Tests conducted by Hamilton Die Cast, 
Inc., for The Dow Chemical Co. indicate 


that the Acurad die-casting process should 


be extremely effective on most types of 
heavy-wall magnesium parts such as trans- 


2 Harvill, H. L. Flotation Inspection of Alumi- 
num and Magnesium Castings. Foundry, v. 98, 
No. 2, February 1970, pp. 136-137. 

3 Metallurgia. New Press-Cast Process for Mag- 
nesium. V. 82, No. 490, August 1970, p. 54. 
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mission cases, oil filter bases, air-cooled en- 
gine blocks, and chain saw pistons. The 
production of high-integrity military cast- 
ings, castings requiring good machined sur- 
face finishes, and pressure-tight castings 
also are proposed candidates for the Acu- 
rad process. 

An improved cathodic protection system 
to prevent corrosion damage to steel gas 
service risers has been developed by Kaiser 
Magnesium, Tulsa, Oklahoma. The system 
is a self-contained unit consisting of a 
high-purity magnesium anode permanently 
bonded to a steel riser pipe.5 

ITT Research Institute will conduct a 
research program to identify optimum 
combinations of elements such as magne- 
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sium and cerium in ductile iron and to 
obtain information on the properties of 
the products as cast and annealed. Analysis 
of the properties induced by various com- 
binations of elements will permit produc- 
tion of specific compositions, optimization 
of desired properties, and will indicate 
which combinations of elements will result 
in superior products.6 


4 Nelson, C. W. Diecasting Magnesium with 
Acurad. Foundry, v. 98, No. 10, October 1970, 
pp. 136-140. 

5 American Metal Market. Kaiser Magnesium 
Develops Improved Cathodic Protection System. 
V. 77, No. 226, Nov. 27, 1970, p. 7. 

6 American Metal Market. Effect of Magnesium, 
Cerium on Ductile Iron to be Probed. V. 77, 
No. 209, Oct. 30, 1970, p. 10. 
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Magnesium Compounds 


By E. Chin 


The increase in world production of 
magnesia from sea water continued to 
exert competitive pressure on producers of 
magnesite. À new magnesia-from-sea-water 
plant become operational at Dungarvan, 
County Waterford, Ireland. Sea water mag- 
nesia plants were under construction at 
Syracuse, Sicily, and at Arad, Israel. An ex- 


pansion program to double magnesia pro- 
duction at the sea water magnesia plant at 
Sant' Antioco, Sardinia, was initiated. Also, 
a Mexican company, which utilizes brine 
feed from a dry lake, announced that it 
plans to increase the capacity of its brine 
magnesia plant at Laguna del Rey, Coa- 
huila. 


Table 1.—Salient magnesium compounds statistics 
(Thousand short tons and thousand dollars) 


United States: 
Caustic-calcined and specified magnesias: ! 
Shipments: 
uant tyo os eet do 


Refractory magnesia: 
Sold and used by producers: 
re AAA ⁵¼¼-B 8 


Dead-burned dolomite: 
Sold and used by producers: 
, arde 


G;ĩ;ÜLBk!· ie Za ZZ Sa: Sa D es 


1966 1967 1968 1969 1970 
99 114 135 154 198 
$9,686 $11,250 $12,226 $14,698 $18,581 
$1,627 $2 ,095 $2,301 52, 687 $3,200 
$743 $585 $758 $983 $702 
852 688 661 7137 802 
$52,290 $43,148 $44,535 $51,843 $60,333 
$6,208 $5, 889 $4, 706 $4,973 $9,133 
$8,139 $5,171 $6,179 $5,918 $7,357 
2,193 1,880 1,833 1,866 1,373 
$39,725 $34,083 $331,627 833,580 $25,740 
11,106 11,248 11,781 12,670 13,847 


1 Excludes caustic-calcined magnesia used in production of refractory magnesia. 


2 Caustic-calcined magnesia only. 


DOMESTIC PRODUCTION 


In 1970, Basic, Inc., produced crude 
magnesite and brucite from its Gabbs, 
Nev., property. Crude olivine was produced 
in North Carolina and Washington. Pro- 
duction decreased about 3 percent in 1970. 

Most of the dead-burned dolomite pro- 
duced came from Illinois, Louisiana, Penn- 
sylvania, and Ohio. Smaller amounts were 
produced in Alabama, California, Colo- 
rado, Mississippi, Missouri, Pennsylvania, 
Utah, and West Virginia. | 

Output of refractory magnesia from well 


brines, sea water, and dolomite increased 
in 1970, and Michigan supplied more than 
any of the other producing States, which 
included California, Florida, Mississippi, 
New Jersey, and Texas. The only produc- 
tion of refractory magnesia from magnesite 
was in Nevada. 

Producers sold 447,722 tons of refractory 
magnesia in 1970 and consumed 354,040 
tons in their own plants, for a total pro- 


1Chemist, Division of Nonferrous Metals. 
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duction of 801,762 tons valued at $60.3 Table 2.—Dead-burned dolomite sold 
million compared with 737,238 tons valued or used by producers in the 
at $51.8 million in 1969. The value of re- United States 
fractory magnesia consumption was derived (Thousand short tons and thousand dollars) 
by using the reported unit value of ship- 
ments. | Sales of 
Production of hydrous magnesium sul. domestic product 
| i 970 hil SC Quantity Value 
fate decreased 2 percent in 1970, while Quantity Value 
production of magnesium trisilicate in- ` ~~ 
creased. Small quantities of magnesium ni- 1966622 2,193 $39,725 
trate, magnesium phosphate, magnesium  196!----------------------- 1,880 34,083 
, gn phosp , gnes (TR 1,833 31,627 
acetate and stearate, and anhydrous mag- vee FFC 1,866 33,580 
nesium sulfate also were produced. LITO ci 1,373 25,740 


CONSUMPTION AND USES 


Consumption of refractory magnesia, However, 87,051 tons was shipped to other 
both single-burned and double-burned, in- industries, including wood pulp mills. 
creased 9 percent to 801,762 tons in 1970. Consumption of hydrous magnesium sul- 
Consumption of caustic-calcined magnesia, fate decreased in 1970 by 2 percent, and 
excluding that used in the production of that of magnesium trisilicate increased. 
refractory magnesia, increased 28 percent Consumption of anhydrous magnesium 
to 197,899 tons. chloride, principally for the production of 

Most of the magnesium hydroxide was magnesium metal, increased 25 percent. 
consumed in the production of other mag- Consumption of hydrous magnesium chlor- 
nesium compounds and magnesium metal. ide decreased about 14 percent. 


Table 3.—Magnesium compounds shipped and used in the United States 


Shipped and used 


Year and product Plants ——————————————— 
Short Value 
tons (thousands) 
1969 
Refractory magnesia ~~ eee 10 737,238 $51,843 
Caustic-calcined ? and specified (U.S. P. and technical) magnesias rg 154,303 14,698 
Magnesium hydroxide (100 percent Mg(OH)2) 2. ... 2.2. - 2-22. -- r6 r 88,628 r 3,540 
Magnesium chlorides 2... 22. 2 c LLL L2 ll c lll LLL eee 1 r 409,670 r 28,307 
Precipitated magnesium er 7 Rae ĩ 5 7,800 NA 
Refractory magnesia ) 10 801, 762 60,333 
Caustic-calcined 2 and specified (U. S. P. and technical) magnesias 11 197,899 18,581 
Magnesium hydroxide (100 percent Mg(OH):) .................-.-- 6 87,051 3,655 
Magnesium chlorides „„ lll. 8 513,029 86,002 
Precipitated magnesium carbonat ee 6 „779 


r Revised. NA Not available. l 

1 Includes both single-burned and double-burned. 

2 Excludes material 5 as an intermediate step in the manufacture of other magnesium compounds. 
2 Production for 1969, 564, 844; 1970, 841, 370; ineludes magnesium chloride used in produetion of magnesium 


metal. 
Table 4. Domestic consumption of caustic-calcined magnesia 
and specified magnesias, by uses 
(Percent) 
Use 1969 1970 

Chemical e. y d 10 13 
FFII: ⁸0ęP d s y Ree eee 7 7 
85- percent MgO insulationnnnns l... eee eee 1 1 
Oxychloride and oxysulfate cementz n 10 10 
Ih ĩ ˙ y dd yd ͥ y y 11 8 

WOH Eet 6 4 
¿A A eeh A ß y 8 7 
Other: Electrical, medicinal, flux, ceramic, glass, sugar, animal feed, fuel additive, water treat- 

ment, and uranium processing 47 50 


em — em së a — gn om o 4 vm em om gr am em emp gr gp — am y DAM gp gn en (A A D GR — "A e OR OG» — 4» e Ds ep on wa 
E ENEE — ———ññxñ.——————T—— ( — ——— ———————— 
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PRICES 


Prices for magnesia, calcined, technical, 
heavy, 90 percent and 93 percent (bags, 
carlot, f.o.b. Luning, Nev.) showed no 
change from the 1969 rates of $53.00 and 
$56.00 per short ton, respectively, according 
to the Oil, Paint and Drug Reporter. Mag- 
nesia, technical, synthetic rubber grade, 
neoprene grade, light, was quoted at $0.24 
per pound (bags, carlot, freight equal- 
ized), compared with $0.23 to $0.24 in 
1969. 

Prices for magnesium carbonate, techni- 
cal (bags, carlot, freight equalized) in- 
creased from $0.14 to $0.16 per pound, and 
for truckload quantities from $0.14-$0.145 
to $0.18-$0.185 per pound. For magnesium 


hydroxide, NF, powder (drums, carlot, and 
truckload, works) the price range was 
$0.21 to $0.295 per pound, compared with 
$0.21 to $0.265 in 1969. No price changes 
were noted for other magnesium com- 
pounds, which were quoted as follows: 
Magnesium bromide, 80-pound drums, 
f.o.b. works, $1.60 per pound; magnesium 
chloride, anhydrous, 92 percent, flake or 
pebble, drums, carlot, works, $0.1275 per 
pound; magnesium chloride, hydrous, 99 
percent, flake, bags, carlot, works, $60.00 
per ton; magnesium gluconate, 100-pound 
drums, f.o.b. works, $1.42 per pound; and 
magnesium lauryl sulfate, tanks, freight al- 
lowed, $0.18 per pound. 


FOREIGN TRADE 


Exports of dead-burned magnesite and 
magnesia in 1970 totaled 88,848 short tons, 
an increase of 58 percent over exports in 
1969. The gain was due largely to in- 
creased exports to Canada, Italy, and Mex- 
ico. The increase in exports in 1970 re- 
versed the decline in exports of 
dead-burned magnesite and magnesia, 
which had existed for the previous 5 years. 
Exports of magnesite, including crude, 
caustic-calcined, lump or ground, increased 
16 percent to 10,089 tons in 1970. Deliver- 
ies to Canada, Costa Rica, Italy, and the 
United Kingdom accounted for over 50 
percent of the exports in this class. 


| Item 


Magnesite: 


Ee TEE 


Magnesium carbonate: 
Precipitated 


Magnesium chloride: 


Magnesium oxide: 


Calcined magnesaia ----------------------- 


Magnesium sulfate: 


Epsom salts______ AAA ae vu LS 


-. $4.20 per ton 
-. $8.40 per ton 


-. 0.25€ per pound 
-- 6.5 percent ad valorem 


Not precipitated |... 2.22222 2-22 cll lll. 


-. 0.8¢ per pound 
-. 0.334 per pound 


-- 1.6¢ per pound 
-.. 0.34 per pound 


Imports for consumption of lump or 
ground caustic-calcined magnesia decreased 
25 percent, to 11,476 tons in 1970. Imports 
of dead-burned and grain magnesia and 
periclase containing a maximum of 4 per- 
cent lime increased 9 percent, to 94,675 
tons. Imports for the same class of mate- 
rial containing over 4 percent lime in- 
creased from 10,780 tons in 1969 to 33,518 
tons in 1970. Total imports increased 32 
percent over those of 1969 to 128,193 tons. 

Under the "Kennedy round" tariff agree- 
ment, tariffs on a number of magnesium 
compounds were further reduced as the 
following tabulation shows: 


1969 1970 


$3.67 per ton 
$7.35 per ton 


0.24é per pound 
5.5 percent ad valorem 


0.7¢ 
0.29 


er pound 
per pound 


1.4¢ per pound 
0.26¢ per pound 
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Table 5.—U.S. exports of magnesium and magnesia, by countries 


Destination 


Belgium-Luxembourg 
Brazil 


South Africa, Republic of---------- 


United Kingdom 
Venezuela 


Magnesite and magnesia, 
dead-burned 


1969 1970 


Short Value Short Value 


tons (thou- tons (thou- 


sands) sands) 
902 $86 553 $77 
5 25 7 
F F 
28,458 2,528 38,217 4,103 
1,147 95 1,602 146 
220 18 16 9 
817 168% 8 
1 1 1 
399 82 8 2 
2 — ducc 
114 62 140 59 
1 F 
21 3 6, 175 538 
7 38 
11,298 845 30,777 2.921 


4 27 4 
3 16 
1, 653 106 2,471 e 
83 54 121 76 
4,704 310 5,879 495 
48 97 47 31 
3 42 4 
141 74 74 38 

5, 435 443 3,468 322 
85 25 8 8 


Magnesite, n. e. c., including crude, 
caustic-calcined, lump or ground 


1969 1970 
Short Value Short Value 
tons (thou- tons (thou- 
sands) sands) 
39 $15 78 $38 
390 212 521 295 
69 30 78 31 
2 26 
3,259 243 1,524 303 
133 35 92 21 
84 21 33 20 
275 23 772 72 
51 29 54 81 
feet, A 440 87 
27 14 86 42 
145 49 234 105 
1,028 614 797 446 
151 19 70 10 
36 17 17 
278 118 2,027 855 
427 188 103 81 
237 36 705 69 
80 34 167 85 
87 55 94 60 
3 1 (1) 
56 9 30 15 
150 66 195 80 
105 44 152 68 
362 254 223 165 
112 24 60 1 
992 481 1,062 612 
34 6 23 28 
121 49 180 78 


8,732 2,687 10,089 3,200 


1 Less than Le unit. 
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Table 6.—U.S. imports for consumption of crude and processed magnesite, by countries 


1969 1970 
Country ———oI — T 
Short Value Short Value 
tons (thousands) tons (thousands) 
Crude magnesite: 

ADA: el ei —ꝛw a bumi CE 17 (1) 
A AN caw eee :: . A reda. 4 
ee a dE 18 OQ) aeneae ĩð ss u 

6 sus cid A de tad r 18 (1) 21 (1) 

Lump or ground caustic-calcined magnesia 
Australia... as y Le D 2,454 $244 1,399 $136 
KC TEE 562 1 5 0 
Belgium-Luxembourg__.... ... 10 1 437 33 
PPV MWA ³·¹ ⁰ A ĩð v ĩ 5 JJ ͤͤ ²˙¹ A 
Greece . ³¹1»i ma skeen 3,472 242 2, 673 189 
India AM nf x s s Su 8 7,535 397 5, 509 280 
%ö0õÄ½½yVVy%ꝙVy kf Ue . AN MS 16 A pie ee si M 
ACEN 545 JJ ˙ AA 
ER H ⅛ Susan ue D yd ⁰ v A 319 12 
Netherlands. .. s 109 7 210 14 
KIT AE e 362 21 166 9 
AU ecu vy eel 168 7 212 9 
C! ͥ e T EM ee 15,238 983 11,476 702 


Dead-burned and grain magnesia and periclase: 
Not containing lime or not over 4 percent lime: 


JJJ///ö§öÜ—[ę?imbꝓæd f...... 8 2,405 153 2,638 174 
Belgium-Luxembourg. ..................---..-. ooo nom. 23 2 
Bu Care os a ³⁵ “ h uei 717 97 
%/ͤ era 2 11 
Germany, Weste (1) 5 
A A A 8 r 67,202 r 4,989 78,942 6,319 
A A y e E E 14,722 647 6,638 880 
RTL dE 5,667 365 
United Kingdom. . ...................-......- (1) 4 20 7 
Kart ZER 2,221 111! ESSERE 
% %]] ˙³¹ *mĩĩ S r 86,555 r 5,913 94, 675 7,357 


1111 a Ld d é 22 ute 6,411 284 
JJ 8 4.141 239 3.309 183 
Jep MU C MOREAU es wee M ¿2 1.086 39 
United Kingdom: coreo td a a. eee (2) 2 
Vugosla via 6,639 329 22,712 1,167 
d EENEG 10,780 568 33,518 1,675 
Grand total. r 97,335 6,481 128,193 9,032 
r Revised. 


1 Less than V unit. 


Table 7.—U.S. imports for consumption of magnesium compounds 


Oxide or Magnesium Magnesium Magnesium Magnesium salts 

calcined carbonate chloride sulfate (epsom and compounds 

V magnesia (precipitated) (anhydrous) saltsand kieserite) n.s.p.f. ! 

ear — —c_n— [An —e o —ü6—6 ẽ—— -— q- 

Short Value Short Value Short Value Short Value Short Value 

tons (thou- tons (thou- tons (thou- tons (thou- tons (thou- 

sands) sands) sands) sands) sands) 
19688 ia 535 $183 1,269 $222 480 $92 44,261 $644 2,799 $185 
1989 ez 103 47 836 157 368 70 43,685 605 3,727 372 
1970. caos caia 521 200 808 192 uso 8 34,939 617 3,608 827 


1 Not specifically provided for; includes magnesium silicofluoride or fluosilicate and calcined magnesia. 


688 MINERALS YEARBOOK, 1970 


WORLD REVIEW 


Greece.—In midyear, Sté. Financiére de 
Gréce S.A. (Skalisteris Group) started up 
its new magnesite ore beneficiation plant 
at Paraskevorema on the island of Euboea. 
The plant was designed to produce be- 
tween 300 and 400 tons of dressed magne- 
site per day. 

Ireland.—The country’s first plant for 
the production of magnesia from sea water 
was dedicated at Dungarvan, County Wa- 
terford. Operated by the Quigley Magne- 
site Division of Pfizer Inc., this facility will 
produce magnesia from sea water at a rate 
of 75,000 tons per year. The dolomite re- 
quired for the operation is quarried, 
crushed, and sized at Bennettsbridge in 
County. Kilkenny, 50 miles north of Dun- 
garvan, and transported to the site by rail. 
It is then converted into dolomitic lime in 
a 300-foot-long rotary kiln and combined 


with sea water to precipitate magnesium 


hydroxide. The magnesium hydroxide is 
calcined to produce refractory magnesia 
with a 93- to 95-percent purity. 
Israel.—The Israeli Government  ap- 
proved the construction of a $13 million 
magnesium oxide plant in Arad, near the 
Dead Sea. The new plant will utilize by- 


product magnesium chloride from Dead 
Sea Works, Ltd., to produce magnesia. The 
plant is scheduled to begin operation in 
1972 and reportedly will produce 46,000 
tons of magnesia and 82,000 tons of hy- 
drochloric acid annually. 


Italy.—Compagnia Generale del Magne- 
sio SpA is building a sea water magnesia 
plant near Syracuse, Sicily. This plant will 
have a capacity of 50,000 tons of magnesia 
annually and will cost approximately $14 
million. 


Sardamag SpA was doubling the produc- 
tion capacity of its sea water magnesia 
plant at Sant' Antioco, on the south coast 
of Sardinia. The expansion program, 
which will increase capacity from 60,000 to 
120,000 tons of magnesia per year, will be 
completed during 1971 and will involve 
the expenditure of an estimated $14.4 mil- 
lion. 


Mexico.—Quimica del Rey S.A., a wholly 
owned subsidiary of Industrias Peñoles 
S.A., plans to increase the capacity of its 
brine magnesia plant at Laguna del Rey, 
Coahuila, from 30,000 to 50,000 tons. The 
plant processes brine feed from a nearby 


Table 8.—Magnesite: World production, by countries 1 


(Short tons) 
Country 1968 1969 1970 p 
North America: United States W W W 
South America: Brazil 151,920 e 200,000 e 260,000 
puros: 
§öÜöÜwA e a e MEALS 1,704,923 1,772,979 1,778,992 
Czechoslovakia r 2,369,967 2, 400, 000 » 3, 300, 000 
)0ö;öõĩÄoÜê˙ͤ⁰ ⁵ ZV 486.119 639,340 788,152 
KEE 5,516 4 100 
Poland END SN RNA E E AN CA 50,000 50,000 60,000 
elei hn EE mw; xv »ͤ O 250, 224 220,462 NA 
S.S.R. EENEG 3,800,000 3,400,000 3,400,000 
Yugoslavia. |... LLL LLL cc eee eee 41,272 526,262 564,222 
Africa: 
OTN AAA ⅛ðÜ Ü. ] ] éͤ pu E 75 5 
South Africa, Republic off . 65, 915 53, 044 92,874 
udal EEGEN 7,165 55 110 
i o E ² A A r 1,544 1,651 854 
Asia: 
China, mainland e =e ee 1,000,000 1,100,000 1,100,000 
Todase ea eae ct 8 278,965 325,741 384, 664 
Iran c c n. . .... r ²qm : EE 7,200 7,200 7,200 
Korea, North 00e... 1,500,000 1,700,000 1. 800, 000 
tt Yc ] dd u.ʒtu lil eg a Ls 1,798 NA NA 
//ö%C³%ͤ ff. 8 r 131,111 241,442 813,946 
Oceania: 
RT EENEG 25,923 25,953 NA 
New Zealand. oo o oo 887 882 534 
RK EN domne A IN IZ. r 11,780,524 12,670,470 13,846,552 
e Estimate. p Preliminary. r Revised. NA Not available. W Withheld to avoid disclosing in- 


dividual company confidential data. 


1 Quantities in this table represent crude salable magnesite. Magnesite is also produced in Bulgaria, Canada, 
Colombia, and Southern Rhodesia, but data on production are not available. 


2 Estimated from data reported as MgO. 
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dry lake containing sodium and magne- 
sium salts. The expansion of the Laguna 
del Rey complex, which will also increase 
production of salt cake and sodium sulfate, 


will cost an estimated $9 million. 

Sea water magnesia plants of the world 
by country, company, and capacity are 
listed as follows: 


Capacity 
Country Location Company (short tons 
MgO) 
Canada Aquathuna, Newfoundland. Lundrigan's, Ltd 30, 000 
Ireland Dungarvan, Co. Waterford__ Pfizer, Ine --------------------------- 75, 000 
Italy ˙· D 2 Sant’ Antioco, Sardinia ` Sardamag SpA 60, 000 
Ube, Lamag uchi Ube Chemical Industries Coo 300, 000 
Onahama and Minamata.... Shin-Nihon Chemical Ind. Co. (Shin-Nihon 

Japan Tovamg -.------------—- Kinzoku Kagaku)..................... 170,000 
¡AAN A Hokuriku Seien K. Kt 85,000 
Naoet sau Nihon Kasui bkako 50, 000 
Mexico Ciudad Madero, Tampico... Quimica del Mar, S. A 50,000 

Norway Heróya, OsloFjord 3 Norsk H ydro-Elektrisk Kvaelstofaktiesels- | 
kab A/S AA 80,000 
Une aie ah -. Hartlepool, Dur Steetley Magnesite Co., Ltd. ............. 100 80 
Cape May, N. J. Harbison Walker Refractories- s 90, 000 
Port St. Joe, Fla Basic, Ine . .. .. ..-.-.-.- 60,000 
United States Pascagoula, Mises H.K. Porter Co., In 40,000 
Freeport, Tek The Dow Chemical Co.................-- 250,000 
[Moss Landing, Calif. Kaiser Aluminum and Chemical Corp 130,000 
TOA A ia S CART AT 1,770,000 

NA Not available. 
TECHNOLOGY 


Ferrite-dielectric composites were pre- 
pared by a hot-pressing technique using 
substrates of MgO-MgAl204 mixtures with 
thermal expansions closely matched to these 
of the ferrites.2 Thermal conductivity and 
dielectric data indicate that the mixtures 
in this system have properties essentially 
equivalent to alumina. The advantage of 
the present mixtures lies in the ability to 
vary their thermal expansion coefficients 
over a wide range to suit matching prob- 
lems associated with composition fabrica- 
tion. 

A new, 60-percent magnesium oxide class, 
basic brick for high-temperature refractory 
applications was developed by General Re- 
fractories Co.3 The brick is a polyphos- 
phate bonded refractory that has a hot 
strength twice that of high-fired, direct- 
bonded brick. Other properties of the 
brick include high density, low porosity, 
and excellent hot load and thermal shock 
resistance. 

A new type of refractory grain was de- 
veloped by prereacting high-purity MgO 
and low-silica chrome ore concentrates.4 
The resulting dense grain contains 60 per- 


cent MgO. High-fired bricks made from 
prereacted grain belong in the general 
class of direct-bonded refractories and had 
low apparent porosities and low silicon 
contents. 

Chemical Construction Co. (Chemico) 
and Basic Chemicals of Cleveland devel- 
oped a process to absorb SO% on 
magnesia.5 The magnesium sulfate pro- 
duced will be treated, and the magnesia 
recovered will be recycled. Chemico is 
building a prototype unit for Boston Edi- 
son's Nystic Station No. 6. 


2 Paladino, A. E., and C. R. Snider. Ferrite- 
Dielectric Composites Utilizing | MgO-MgALO, 
Mixtures to Achieve Thermal Expansion Matched 
Substrates. Am. Ceramic Soc. Bull, v. 49, No. 3, 
March 1970, pp. 280—285. 


3 American Metal Market. Magnesium Oxide 
Brick Has High Hot Strength. V. 77, No. 102, 
May 1970, p. 11. 


1 Neely, J. E., W. H. Boyer, and C. A. Martinek, 
Jr. Sintered Magnesia- -Chrome Grains for New 
Types of Refractories. Am. Ceramic Soc. Bull. v. 
49, No. 8, August 1970, pp. 710-7183. 


5 Chemical and Engineering News. Boston Elec- 
tric is the First to Install Chemical xou 
Co.s SO» Recovery Process. V. 48, No. 28, July 
1970, p. 19. 
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Manganese 


By Gilbert L. DeHuff * 


The Nation’s only mine producing man- 
ganese ore, concentrate, or nodules, con- 
taining 35 percent or more manganese, 
closed down completely at the end of the 
year. Domestic shipments were less than 
those of the previous year. Ferromanganese 
prices continued to rise and imports were 
only slightly down from those of 1969. Fer- 
romanganese exports increased appreciably, 
but were still small compared with im- 
ports. Quoted prices for metallurgical ore 
rose in September as a result of increases 
in ocean freight rates, but the actual price 
of the ore itself appeared to be unchanged. 

Legislation and Government Programs.— 
On August 14, the Director of the Office 
of Emergency Preparedness made public 
his report thereby concluding that office’s 
investigation of ferroalloy imports, which 
had been initiated in 1968 under the au- 
thority of Section 232 of the Trade Expan- 
sion Act of 1962. The report found that 
manganese, chromium, and silicon ferroal- 
loys and refined metals are not being im- 
ported into the United States in such 
quantities or under such circumstances as 
to threaten to impair the national security. 

On July 10, enactment of Public Laws 
91-322, 323, and 331 gave the Administra- 
tor of the General Services Administration 
(GSA) authority to dispose of 111,900 
short dry tons of type A chemical-grade 
ore, 65,800 tons of type B chemical-grade 
ore, and 173,800 tons of natural battery- 
grade ore held in the national or supple- 
mental stockpiles. GSA’s outstanding Solici- 
tation of Offers for Metallurgical-Grade 


DOMESTIC 


The Nancy-Tower mine of Goret and 
Aguilar, Inc., produced metallurgical man- 
ganese ore in the Luis Lopez district, So- 
corro County, N. Mex., until October when 
mining came to an end. Shipments contin- 


Manganese, PMDS-ORES-85, was su- 
perseded by PMDS-ORES-129, offering for 
sale by negotiation a “buying list” of 98 
metallurgical-grade manganese ore items 
totaling approximately 1,852,041 short dry 
tons. The items, mostly of domestic origin, 
were in the national, supplemental, or De- 
fense Production Act stockpiles at storage 
depots in various parts of the country. 
GSA's disposal program, however, contin- 
ued to limit deliveries to 300,000 short 
tons per fiscal year, divided evenly among 
quarters. Sales of metallurgical ore in 1970 
totaled 47,977 short tons. In addition, 1,001 
short tons of synthetic manganese dioxide 
were sold by GSA during the year. 

Manganese stockpile inventory changes 
for the year were as follows: Metallurgical 
ore, stockpile grade, decreased 343,540 
short tons to 8,419,673 tons; metallurgical 
ore, nonstockpile grade, decreased 15,977 
tons to 1,407,018 tons; synthetic dioxide 
decreased 1,637 tons to 21,916 tons; me- 
dium carbon ferromanganese increased 
10,261 tons to 28,921 tons; and silicoman- 
ganese increased 11,243 tons to 23,574 tons. 
Part of the metallurgical ore released from 
stocks was used by conversion contractors 
on outstanding contracts to make the 
medium carbon ferromanganese and the 
silicomanganese represented by the increases 
in those stocks. Another part went for pay- 
ments to the contractors on those contracts 
and for freight involved. A further part of 
the ore withdrawals represented deliveries 
under both new and outstanding sales con- 
tracts. 


PRODUCTION 


ued to be made from stocks till the end of 
the year when all operations ceased. The 
ore was concentrated to an average *48-per- 
cent manganese content at the firm's mill 


1 Physical scientist, Division of Ferrous Metals. 
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at Socorro before shipment. This was the 
only remaining mine in the United States 
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any production of domestic natural battery- 
grade ore. 


producing manganese ore containing 35 
percent or more manganese. The Anaconda 
Co. shipped some metallurgical oxide nod- 
ules that were made some years ago from 
Montana carbonate ore, but no manganese 
ore, concentrate, or nodules, of any type or 
grade were produced in Montana in 1970. 
There were no shipments nor was there 


Ferruginous manganese ores or concen- 
trates containing 10 to 35 percent man- 
ganese were produced and shipped from 
the Cuyuna Range of Minnesota, and from 
New Mexico and Utah. Manganiferous zinc 
residuum was produced from New Jersey 
zinc ores. 


Table 1.—Salient manganese statistics in the United States 


(Short tons) 
1966 1967 1968 1969 1970 
Manganese ore (35 percent or 
more Mn): 
Production (shipments): 
Metallurgical... ........ W W 10, 536 5, 630 4,737 
Batter . W W 700 e ra "uai NEAS 
Total: eccles 14,406 12,585 11,378 5,630 4,737 
Imports general............- 2,553,704 2,058,691 1,827,626 1,959,661 1,735,055 
Consumption. .............- 2,370,516 2,382,984 2,228,412 2,181,333 2,363,937 
Manganiferous ore (5 to 35 per- 
cent Mn): | 
Production (shipments)...... 324,926 289,160 244,590 430,637 368,302 
Ferromanganese: 
Production 946,210 940,927 879 , 962 852,019 835,463 
Eper xm ecu 545 1,861 8,710 1,759 21,747 
Imports for consumption 251,972 216,279 203,212 307,891 290,946 
Consumption. .............. 1,048,429 982,130 1,016,559 1,071,042 1,000,611 


W Withheld to avoid disclosing individual company confidential data. 


Table 2.—Manganese and manganiferous ore shipped 1 in the United States, by States 
(Short tons) 


1969 1970 
Type and state Manganese . Manganese 
Gross weight content Gross weight content 
Manganese ore (35 percent or more Mn, 
natural): 
Montags cat Gaus 775 404 512 272 
New Mexico 4,855 2,331 4,225 2,040 
Total: ccc A 5,630 2,735 4,737 2,312 
Manganiferous ore: 
Ferruginous manganese ore (10 to 35 
percent Mn, natural): 
Minnesota- `.. lll. 381,435 54,510 321,436 44,927 
New Mexico 49,146 5,465 46,166 4,856 
(RACH, EE 700 196 
d Ka é 430,581 59,975 368 , 302 49,979 
Manganiferous iron ore (5 to 10 percent 
Mn, natural): 
Minnesota 56 | DA ase ire E. c 
Total manganiferous ore 430,637 59,979 368,302 49,979 
Value manganese and 
manganiferous ore $3,454,254  .........--- 32, 839, 868382 


1 Shipments are used as the measure of manganese production for compiling U.S. mineral production value. 
They are taken at the point at which the material is considered to be in marketable form for the consumer. 
Besides direct-shipping ore, they include, without duplication, concentrate and nodules made from domestic 
ores. 


MANGANESE 


693 


CONSUMPTION, USES, AND STOCKS 


In the production of raw steel (ingots, 
continuous or pressure cast blooms, billets, 
slabs, etc., and including steel castings) 
consumption of manganese as ferroalloys, 
metal, and direct-charged ore was 13.1 
pounds per short ton of raw steel pro- 
duced. Of this total, 11.5 pounds was ferro- 
manganese; 1.3 pounds, silicomanganese; 
0.05 pounds, spiegeleisen; and 0.2 pounds, 
manganese metal. The comparable 1969 
total, on the same basis, was 13.0 pounds 
with ferromanganese at 11.4, silicoman- 
ganese at 1.3, spiegeleisen at 0.05, and 
metal at 0.25. 

Producers of manganese ferroalloys and 


electrolytic manganese metal had pollution 
control and power shortage problems with 
which to contend, and the General Motors 
strike lasting from September 14 to Octo- 
ber 1 adversely affected demand. Wood- 
ward Corp., a Division of the Mead Corp., 
produced high-carbon and medium-carbon 
ferromanganese, and silicomanganese, at 
the Roane Electric Furnace plant, Rock- 
wood, Tenn., which had formerly be- 
longed to Tennessee Products & Chemical 
Corp. The plant has been leased and oper- 
ated by Union Carbide Corp. since 1964 
until acquired by Woodward in the latter 
part of 1969. 


Table 3.—Consumption and stocks of manganese ore 1 in the United States 
(Short tons) 


By use: 
Manganese alloys and metal 
Pig iron and steel 
Dry cells, chemicals and miscellaneous 


= — — — w —— em ep vm e zen mn em — —— — vm wn mm — e em wm em er 


— we mm em — — em e — —— — op o ge em vm gr mm em em em mp em vm mm mm em mm wem — = 


Stocks 
Consumption Dec. 31, 19702 
(including bonded 
1969 1970 warehouses) 
--- 2,000,735 2,099,426 1,424,197 
NE 50,157 107,733 69,487 
TURN 130,441 156,778 274,398 
_.. 2,181,333 2,863,931 31,768,082 
ses 22,300 25,472 20,674 
_.. 2,159,033 2,338,465 1,747,408 
-.. 2,181,333 2,363,937 31,768,082 


1 Containing 35 percent or more manganese (natural). 
2 Excluding Government stocks. 
3 Excludes small tonnage of dealers’ stocks. 


Table 4.—Consumption, by end uses, and stocks of manganese ferroalloys and 
metal in the United States, in 1970 


(Short tons, gross weight) 


Ferromanganese 
End use Medium Silico- Jpiegeleisen Manganese 
High and low manganese metal ! 
carbon carbon 

Steel: 
, . 713,681 91,550 87,845 11,169 4,837 
Stainless and heat resisting. ._______-_-_- , 83 4,931 8,371 6,689 
Alloy (exclude stainless and tool) 108,043 27,539 26,852 1,679 1,960 
AA IA 83 122 „ W 
r ³ðV / 8,471 2,343 7,154 7,309 11 
SBuperallovg. M 43 44 SENGER? 363 
Alloys (exclude alloy steels and superalloys). . 5,387 1,172 1,838 2552 9,410 
Miscellaneous and unspecified_.______.__.__- 32,423 1,799 6,440 111 1,212 
OUR WEE 871,111 129,500 138,500 20,268 24,482 
Stocks December 31 2. ___________-_____-_-.- 244,412 33,474 40,269 10,355 9,172 


W Withheld to avoid disclosing individual company confidential data, included in “Miscellaneous and un- 


specified.” 
1 Virtually all electrolytic. 


2 Industry stocks held by producers, consumers, and bonded warehouses. 
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Table 5.—Ferromanganese produced in the United States and metalliferous 
materials 1 consumed in its manufacture 


Ferromanganese produced 


Manganese content 


Gross weight 


Materials consumed 


Manganese ore (35 percent or Manganese ore 
more Mn natural) ? used per ton of 
ferromanganese? 


(short tons) Foreign Domestic made 
Percent Short tons (short tons) (short tons) (short tons) 
1966...........- 946,210 78.7 744,359 . 2,133,925 30,043 2.2 
1967.........--- 940,927 78.2 735,177 2,182,997 4,367 2.3 
1968 3 ( 879,962 78.0 686,370 2,013,860 15,207 2.3 
1969. 852,019 71.8 658 , 837 1,992,671 8,064 2.3 
1970- ome sa 835,463 78.5 655,436 2,098,210 1,216 2.4 


E Ü—[—j 


1 Excluding scrap and other secondary materials. 


* Includes ore used in producing silicomanganese and metal. 


3 Includes ore used in producing silicomanganese. 


Electrolytic Manganese and Manganese 
Metal.—It can be assumed that virtually 
all the manganese metal consumed, pro- 
duced, and imported in the United States 
was electrolytic metal. Producers were 
Kerr-McGee Chemical Corp. (until Octo- 
ber 1 operating under the name of Ameri- 
can Potash & Chemical Corp.), Hamilton 
(Aberdeen), Miss; Foote Mineral Co., 
Knoxville and New Johnsonville, Tenn.; 
‘and Union Carbide Corp., Marietta, Ohio. 

Ferromanganese.—U.S. Steel Corp. and 
Bethlehem Steel Co. were the only produc- 
ers using blast furnaces to make ferro- 
manganese. U.S. Steel converted the No. | 
blast furnace at its National works from 
pig iron to ferromanganese production 
and added air and water pollution control 
equipment. The company continued to 
produce the alloy at Clairton, Pa., also in 
the Pittsburgh district. Bethlehem's produc- 
tion continued at Johnstown, Pa. U.S. 
shipments of ferromanganese totaled 
807,000 short tons compared with 837,000 
tons in 1969. 

Silicomanganese.—Production of silico- 
manganese in the United States was 193,000 
short tons, compared with 223,000 tons in 
1969. Shipments from furnaces were 
173,000 tons, compared with 218,000 tons 
in 1969. The ratio of consumption of sili- 
comanganese to consumption of ferroman- 
ganese was 14 percent, essentially the same 
as in 1969. 

Spiegeleisen.—The New Jersey Zinc Co. 
continued to produce spiegeleisen solely by 
electric furnaces at Palmerton, Pa. 

Pig Iron.—In producing pig iron, 
744,000 short tons of manganese- bearing 


ores containing over 5 percent manganese 
(natural) were consumed. Domestic 
sources supplied 594,000 tons, of which 
255,000 tons were manganiferous iron ore 
containing 5 to 10 percent manganese, and 
339,000 tons were ferruginous manganese 
ore containing 10 to 35 percent manganese. 
Foreign sources supplied 150,000 tons, of 
which 42,000 tons were manganiferous iron 
ore, and 108, 000 tons contained more than 
35 percent manganese. 

Battery and Miscellaneous Industries.— 
The ore reported in table 3 includes that 
consumed in making synthetic manganese 
dioxide, but does not include consumption 
of the synthetic dioxide. Although some 
synthetic dioxide is used for chemical pur- 
poses, most of it is used in the manufac- 
ture of dry cell batteries. 


The domestic ore and much of the foreign 
ore used for chemical and miscellaneous 
purposes did not meet national stockpile 
specifications P-81-R for chemical-grade 
ore. 


A new dry-cell battery plant was under 
construction at Marysville, Mo., for Union 
Carbide Corp., and one was planned by 
Gould Inc. for completion early in 1971 
at Woodruff, S. C. ESB Inc. placed a 
new Ray-O-Vac manganese-alkaline battery 
plant in operation at Fennimore, Wis., and 
was building another dry-cell plant at Ap- 
pleton, Wis., expected to go into produc- 
tion in late 1971. Both of these plants are 
highly automated and air conditioned. “The 
demand for manganese-alkaline batteries 
continued to grow at a higher rate than 
that for standard dry cells. | 
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PRICES 
Manganese Ore.—All manganese ore july I, and a further $5 increase October 1 


prices are negotiated, and are dependent 
in part on the characteristics and quantity 
of ore oftered, delivery terms, and fluctuat- 
ing shipping rates. The American Metal 
Market quotation for ore containing 46 to 
48 percent manganese continued from the 
latter part of 1969 into September 1970 at 
49 to 53 cents, nominal, per long ton unit, 
c.i.f. eastern seaboard and Gulf ports. An 
increase at that time to 56 to 59 cents, 
nominal, same basis, reflected increased 
freight rates. This quotation carried on 
into 1971. The American Metal Market 
quotation for ore containing 48 to 50 per- 
cent manganese was 4 cents higher 
throughout the year. 

Manganese Alloys.—The price of stand- 
ard high-carbon ferromanganese contain- 
ing 74 to 76 percent manganese increased 
$5, effective January 2, to $169.50 per long 
ton of alloy, Lob producer plant. An in- 
crease of $10 per long ton became effective 


brought the price to $184.50. This price 
held to the end of the year. Similar in- 
creases were made at the same times for 
standard ferromanganese having 78 per- 
cent minimum manganese content so that 
the price for this grade was $5.50 higher 
throughout the year, ending the year at 
$190 per long ton. Metals Week’s quota- 
tion for imported standard ferromanganese 
containing 74 to 76 percent manganese 
held at $160 to $164 per long ton, deliv- 
ered in Pittsburgh or Chicago, until July 
when it increased to $165 to $170, then to 
$185 to $190 in late September. At the end 
of December it was dropped to $180. 

Manganese Metal.—The price of stand- 
ard electrolytic manganese metal was 31.25 
cents per pound, f.o.b. producer plant, 
throughout the year. In December an in- 
crease of 2 cents per pound was an- 
nounced, effective January 2, 1971. 


FOREIGN TRADE 


Ferromanganese exports were 21,747 
short tons valued at $4,355,525, compared 
with 1,759 tons valued at $482,684 in 1969. 
West Germany took the largest quantity, 
7,862 tons; followed by Romania, 4,366 tons; 
Venezuela, 2,790 tons; the United Kingdom, 
1,795 tons; Sweden, 1,105 tons; Mexico, 948 
tons; Canada, 866 tons; Colombia, 711 tons; 
Finland, 550 tons; and lesser quantities in 
decreasing order to Brazil, the Dominican 
Republic, Peru, Jamaica, the Philippines, 
Ghana, the Republic of South Africa, Ar- 
gentina, South Vietnam, France, Singapore, 
Bolivia, and Panama. Exports classified as 
“manganese and manganese alloys, wrought 
or unwrought, and waste and scrap" to- 
taled 2,971 tons valued at $2,042,469 in 1970 
and 2,470 tons valued at $1,410,437 in 
1969. Exports of ore and concentrate con- 
taining more than 10 percent mangancse 
totaled 20,294 tons at a value of $2,461,176, 
compared with 19,796 tons at $1,589,424 in 
1969. These were believed to consist almost 
entirely of imported manganese dioxide 
ore exported after grinding, blending, or 
otherwise classifying. 

Airco Alloys and Carbide Division, Air 
Reduction Co., contracted to sell the 
Romanian state trading — organization, 


Metal-import, 61,000 tons of ferroalloys, in- 
cluding standard ferromangancse, medium- 
carbon ferromanganese, and silicomangan- 
ese. Deliveries of 7,000 tons were agreed 
for 1970; the remaining 54,000 tons of 
ferroalloys were to be delivered over thc 
following 4 years at prices described as 
“highly competitive". Although Airco has 
made spot sales to other East European 
countries, these will be the company's first 
sales to Romania. 

The average grade of imported man- 
ganese ore was 48.8 percent manganese in 
1970, compared with 50.6 percent in 1969 
and 47.5 percent in 1968. More than half 
of the total continued to come from Brazil 
and Gabon. There were no imports of 
manganiferous ores containing more than 
10 but less than 35 percent manganese. 

Silicomanganese imports for consumption 
totaled 14,539 short tons containing 9,624 
tons of manganese. Sources and tonnage 
(gross weight) were as follows: Norway, 
12,371; France, 659; the Republic of South 
Africa, 654; Canada, 577; and Mexico, 279. 
Imports for consumption classified as un- 
wrought manganese metal, except alloys, 
and waste and scrap of such metal, totaled 
1,276 short tons, compared with 1,371 tons 
in 1969. Of the quantity in 1970, the Re- 
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Table 7.—U.S. imports for consumption of ferromanganese, by countries 


1969 1970 
Gross Mn Gross Mn 
Country weight content Value weight content Value 
(short (short (thou- (short (short (thou- 
tons) tons) sands) tons) tons) sands) 
Belgium-Luxembourg. .........- 4,464 3,365 $445 551 423 $60 
e zl caca l... 4,4 3,514 557 357 288 90 
la 390 341 65 613 536 9 
CßÜ—»’ m 64,421 49,476 5,571 100,036 77,745 10, 285 
Germany, West r 39,802 r 30,409 r 4,539 8,342 6,499 1,022 
((. A A 42,188 32,241 3,118 35,597 27,128 3,255 
TUN o aa bl ias dal r 2,208 1,782 442 1,111 896 199 
A A 8 6,436 5,063 1,153 5,556 4,373 913 
““ o ato a med 12,340 9,648 1,485 
N Mad n Aul Jue Lu EN ⁵ð 8 2,065 1,611 194 
NEW eebe 2,339 1,830 217 3,291 2,577 351 
South. Africa, Republic o r 121,331 r 94,811 r 12,589 119,292 93,759 13,161 
Sweden 14,341 12,031 2,916 1,795 1,496 452 
Western Africa, nee). r 5,488 r 4,281 h ³ 
VWA r 807,891 12239, 144 r 32,281 290,946 226,979 31,563 
r Revised. 
1 Probably originated in Republic of South Africa. 
public of South Africa supplied 1,180 tons cents); West Germany, 1.5 tons ($1.83); 


and Japan supplied 96 tons. Small quanti- 
ties of high unit value, measured in 
pounds, came from the United Kingdom 
and Italy. 

Imports for consumption classified as 
"managanese compounds, other” totaled 
3,209 tons in 1970, compared with 2,160 
tons in 1969. The sources, gross weights, 
and values per pound in 1970 were as fol- 
lows: Japan, 2,752 tons (14.7 cents); the 
United Kingdom, 429 tons (7.0 cents); 
Belgium-Luxembourg, 21 tons (7.6 cents) ; 
the Republic of South Africa, 5 tons (5.0 


and Austria, 0.5 tons (32.7 cents). The im- 
ports from Japan appear to have consisted 
largely, if not entirely, of synthetic man- 
ganese dioxide. 


Tariff.—Suspension of the duty on man- 
ganese ore from most nations was extended 
for another 3 years (through June 30, 
1973) by Public Law 91-306. Ore from the 
U.S.S.R., mainland China, and certain other 
specified Communist countries, continued 
to be subject to a tariff of 1 cent per 
pound of contained manganese. 


WORLD REVIEW 


Angola.—Manganese ore produced in 
1970 had, a manganese content ranging 
from 30 to 52 percent manganese. As in 
1969, production was from several small 
mines of Companhia do Manganés de An- 
gola. Exports of 22,600 and 30,300 short 
tons in 1970 and 1969, respectively, were 
reported to have gone primarily to Japan. 
No manganiferous ore was produced in ei- 
ther of the two years. 

Argentina.—Manganese ore produced in 
1969 averaged 35 percent manganese, 
whereas the manganiferous ore produced 
had an average manganese content of 22 
percent. Rhodochrosite exports in 1969 to- 
taled 24 short tons valued at $68,433. Of 
this quantity, 2 tons went to the United 
States. Argentine imports of manganese 
ores and concentrates were 22,000 short 


tons in 1969, compared with 60,000 tons in 
1968. 

Australia.—Groote Eylandt Mining Co., 
a Broken Hill Proprietary Co. Ltd. subsid- 
iary, proceeded with the expansion pro- 
gram announced in December 1968. The 
largest item involved is a new A$8 million 
concentrator, expected to be in operation 
in the latter half of 1971. A new wharf, in- 
creased stockpile capacity at the wharf, an 
extension to the power plant, a 90-ton-ca- 
pacity road train, and other new equip- 
ment and facilities are included in the 
program. Although Groote Eylandt now 
accounts for the major part of Australian 
manganese ore production, ore exports of 
the two Western Australia producers—Bell 
Brothers and Longreach—had reached a 
value of A$3.25 million per year. Trucks 
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Table 8.—Manganese ore: World production by countries 1 
(Short tons) 
Country Percent Mn + 1968 1969 1970 » 
North America: 
/ ³· AA 35+ 65,420 158,252 301,939 
United States 85 + 11,378 5,630 4,737 
South America: 
Argentina. 30-40 r 25,954 24,095 e 24,000 
Bolivia (export) 020. E e e aos 93 
Brazile ata osa 38-50 1,852,000 2,166,000 2,126,000 
TEE EE 41-47 26,283 26,124 29,457 
GG ð˙' eebe eege 36-42 Ar apetito 
Porco sa 30 + 7,8 r 13,228 2,119 
Drop 
e ul si ee 80 + 45,000 43,000 e 44,000 
Greee ee 50 r 7,434 r 7,125 7,190 
¡TA ~~~ 30 — 172,000 172,000 186,028 
AAA lc rd re 30 — 56,020 58,385 55,216 
e —— — 38-44 r 10,654 7,637 6,083 
pU HCM m;! 30 + 14,248 25,302 11,504 
AAA EE NA 7,236,000 7,221,000 e 7,700,000 
Vugosla via 80 + r 15,582 13,5 16,298 
Africa: 
ANGONG Zi BK 30 + 10,086 32,044 25,000 
Botswana 30 + r 11,021 24,769 45,020 
Congo (Kinshasa)... )))) 42 4- 354,735 343,291 382,446 
1 A ee 50-53 r 1,382,958 r 1,502,000 1,601,700 
G ss y 48 + 55,617 r 366,800 46,837 
Ivory Coat 32—47 128,685 140,036 25,419 
Morocco 35-53 176,602 143,935 123,873 
South Africa, Republic o 30 4- 2,173,438 2,429,600 2,953,609 
Sudali 5:12:04 y i 36—44 5,500 940 1, 
United Arab Republic 80 — 4,361 4,400 NA 
25 Zambia.________.______________---- 85+ r 27,999 r 28,284 e 33,000 
sia: 
China, mainland e ooo. 30+ 990,000 1,100,000 1,100,000 
Indid EE NA 1,766,000 r 1,637,000 1,820,000 
Indonesia 35-49 r 2,400 7,100 ,200 
DAN? AAA AA A 35+ r 28,000 39,000 e 40,000 
Japin c S os 30-43 344,247 r 881,587 298,701 
Korea, Republic off 35+ 4,653 3,19 3,749 
Malaysia.. 30-40 49,737 I/ senses 
Philippines 30-52 72,800 22,048 5,645 
NU, WEE E 40 + 45,270 82,872 26,307 
WUPK6Y AA AS 30-50 r 27,842 r 15,090 10,465 
Oceania: 
Australias us iciococisucdio close 46 r 819,692 r 1,016,286 886 , 080 
1ͤĩ;C3ĩ y A ci E 30-50 9,750 22,917 27,054 
New Hebrides___ I... 2... --- 31-43 146,824 i... . 16,926 
M E r 18,628,213 r19,195,961 20,389,974 


e Estimate. » Preliminary. r Revised. 


NA Not available. 


1 In addition to the countries listed, Cuba and South-West Africa also produce manganese ore but informa- 
tion is inadequate to make reliable estimates of output levels. Colombia has produced ore of unspecified grade 
as follows (short tons): 1968, 551; 1969, 606; 1970, 511. Low grade ore output, not included in the table, has 
been reported as follows (short tons): Argentina (about 22 percent Mn), 1968, r 11,210; 1969, 16,151, 1970, 
e 17,000; Czechoslovakia (about 17 percent Mn), 1968, 95,000; 1969, 93,000; 1970, e 94,000; Romania (about 
22 percent Mn), about 140,000 tons in each year; Republic of South Africa (15 to 30 percent Mn), 1968, 
502,080; 1969, 484,041; 1970, 412,264; Sweden (about 12 percent Mn), 1968, 12,921; 1969, 9,700; 1970, NA. 

2 Estimated on the basis of reported contained manganese 


3 Grade unreported. Source: 
(Moscow). 
4 Dry weight. 


he National Economy of the U.S.S.R., Central Statistical Administration 


5 Indian output not reported by grade, but of total exports of 1,310,769 tons in 1968 and 1,331,349 tons 
in 1969, 61 percent and 57 percent respectively graded less than 35 percent manganese. 
6 Iranian calendar year beginning March 21; all figures are mine run ore. 


and trailers of 100-ton capacity are used to 
transport the ore from the mines at 
Woody Woody, in the Pilbara district, to 
Port Hedland for shipment to Japan. 
Brazil.—Production of mine run man- 
ganese ore in 1970 by Indüstria e Comér- 
cio de Minerios S.A. (ICOMI) totaled 
2,205,000 short tons, averaging less than 40 


percent manganese. The company's washed 


ore product was 1,577,000 tons, averaging 


approximately 48 percent manganese. Pro- 
duction at the Urucum mine in Mato 
Grosso was 93,600 tons averaging 46.42 per- 
cent manganese, and the Meridional mine 
in Minas Gerais produced 108,000 tons 
with a manganese content, averaging 38.38 
percent. 

Brazilian exports of manganese ore in 
1968 totaled 1,239,000 short tons. Of this 
quantity, 44 percent went to the United 
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States, 11 percent to the United Kingdom, 
9 percent to Norway, 7 percent to France, 
7 percent to Japan, 6 percent to the Neth- 
erlands, and the balance, in descending 
order, to West Germany, Argentina, Bel- 
gium, Spain, Canada, Uruguay (probably 
point of transshipment to an ultimate des- 
tination elsewhere), and Mexico. 

Cuba.—The Charco Redondo manganese 
mine, Oriente Province, was reportedly 
producing metallurgical-grade manganese 
ore for local consumption at the rate of a 
few thousand tons per year.? 

France.—United States Steel Corp. ac- 
quired a 27-percent interest in France's 
largest ferromanganese producer, Ste. des 
Aciéries de Paris et d'Outreau, which an- 
nounced plans to build a new ferroman- 
ganese plant in the harbor area of Bou- 
logne. The French company's two present 
ferromanganese plants produce approxi- 
mately 300,000 tons of blast furnace ferro- 
manganese per year. 

Gabon.—Facilities of Gabon's only man- 
ganese ore producer, Cie. Miniére de 
l'Ogooúe (COMILOG), were being ex- 
panded for the fourth time in 3 years. By 
1972, annual sales of 2.46 million short 
tons should be supported, representing an 
increase of nearly 40 percent over the 1970 
level. United States Steel Corp. continues 
to hold a 49-percent interest in COMILOG. 
Production of battery-and chemical-grade 
ore was 26,000 short tons in 1970, com- 
pared with 16,500 tons in 1969. 

Ghana.—Parliament was informed March 
12 by the Minister of Finance and Eco- 
nomic Development that the Nsuta-Wassaw 
manganese mine of African Manganese Co., 
wholly owned subsidiary of Union Carbide 
Corp., is to be closed within 5 years upon 
exhaustion of its oxide ore reserve. Union 
Carbide Corp. started producing dry-cell 
batteries at its new plant in 1969. 

Indonesia.—The new $2,700,000 dry-cell 
battery plant of P.T. Union Carbide Indo- 
nesia went into production. This replaced 
an old facility which had been out of op- 
eration for some time. 

Iran.—ESB Inc. completed construction 
of a new Ray-O-Vac dry-cell battery plant 
at Qazvin. Production was expected to be- 
gin in 1971. The company’s existing plant 
at Teheran was expanded in 1969 to almost 
four times its original size. In 1970, Union 
Carbide Corp. purchased a majority inter- 
est in an Iranian dry-cell battery producer. 
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Modification and expansion of existing 
plant facilities was expected to be com- 
pleted before mid-1972 by the operating 
company, now known as Union Carbide 
Iran S.A. 

Italy. —Manganese ore produced in 1970 
averaged 27 percent manganese, compared 
with 28 percent in 1969. 

Ivory Coast.—Closing of the country's 
only operating manganese mine, the Mokta 
mine at Grand Lahou, was announced 
March 11 in the semiofficial newspaper, 
Fraternite-Matin. The low quality of the 
ore together with poor market prices had 
made the operation unprofitable. Exports 
of 92,000 short tons in 1970 included an 
appreciable quantity from stocks. Exports 
were 78,000 tons in 1969 and 131,000 tons 
in 1968. Spain, the United States, and 
West Germany have been the principal re- 
cipients. Of the 1969 exports, 63,000 tons 
averaged 45 to 47 percent manganese. The 
remaining 15,000 tons consisted of fines 
having a manganese content of 33 percent. 
On December 4, Union Carbide Cote 
d'Ivoire S.A. opened a $3 million plant for 
the production of dry-cell batteries. 

Japan.—A number of large electric fer- 
roalloy furnaces, complete with pollu- 
tion-control equipment, were under con- 
struction or planned in the course of a 
general trend toward replacement of old, 
smaller furnaces. Those for ferroman- 
ganese being built in 1970. included a 
40,000-KVA plant at Kawasaki Stcel's sub- 
sidiary, Mizushima Ferroalloy, and one of 
20,000-KVA at Kobe Steel's Kakogawa 
Works. A 44,000-KVA ferromanganese 
plant at the Niigata Works of Nippon 
Kokan was scheduled for completion in 
April 1971, and a 40,000-KVA silicoman- 
ganese plant in August at Tokushima for 
Nippon Steel's subsidiary, Nippon Denko. 
The Kakogawa plant charges its hot prod- 
uct_direct to the plant's basic oxygen steel 
furnaces. 3 Japanese production of dioxide 
ore or concentrate in 1970 was 2,066 short 
tons, averaging 68.3 percent manganese 
dioxide; metallurgical concentrate produced 
averaged 29.1 percent manganese. Produc- 
tion of ferromanganese was 490,000 tons; 
electrolytic managanese metal, 10,410 tons; 
and synthetic manganese dioxide, 45,540 
tons. A very large part of the synthetic 


? Delinois, Serge L. Is Cuba Winning Battle To 
Develop Mining Industry? Eng. and Min. J., v. 
171, No. 5, May 1970, pp. 86-94. 

3 American Metal Market. V. 78, No. 35, Feb. 
22, 1971, pp. 1, 8. 
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dioxide was produced for export. 

Korea, Republic of.— The manganese ore 
produced in 1970 and in 1969 was of an 
average 40 percent manganese grade. 

Mexico.—Cia. Minera Autlán began ship- 
ment of nodules containing 36 percent 
manganese to Bethlehem Steel Co. from its 
new loading facilities at Ciudad Madero 
(Tampico). Ships can load at a rate of 
1,650 to 2,000 short tons per hour. 

Morocco.—All manganese ore produced 
in 1970 was chemical-grade concentrate, av- 
eraging 84 percent manganese dioxide. Ex- 
ports of chemical grade totaled 118,000 
short tons, of which the United States took 
35,000 tons, and Francc and the Nether- 
lands the larger part of the remainder. In 
addition, 7,000 tons of metallurgical sinter 
were exported, obviously from stocks. Most 
of this went to Czechoslovakia. Reserves of 
ore at the Imini mine, the country's only 
remaining significant producer of man- 
ganese ore, were reported to be sufficient 
for 15- to 20-year operation at the current 
rate. Reserves at the Tiouine mine, where a 
beneficiation plant was being built by the 
Hungarian organization NIKEX, were esti- 
mated at 400,000 short tons of ore contain- 
ing 30 to 48 percent manganese plus 
100,000 tons of waste material considered 
worth processing. As encouragement to the 
mining industry, the Government reduced 
the ad valorem export tax on certain ores, 
including all manganese ores, from 5 per- 
cent to 0.5 percent. 

New Hebrides.—The manganese deposits 
at Forari on Efate (or Vaté) Island are 
stratiform and lenticular concentrations of 
manganese oxide, with todorokite as the 
principal discrete mineral. They occur gen- 
erally as one or two layers conformable 
with the underlying tuffs and overlying 
red clays and soils at a depth of a few feet 
to 20 feet below surface. The upper layer 
is the richer of the two layers. It averages 
9 inches in thickness, contains most of the 
minable ore, and has a manganese content 
of 39 to 45 percent. The poorer lower 
layer has a maximum manganese content 
of 30 to 35 percent with patchy develop- 
ment of manganese oxide. A similarity be- 
tween these deposits and those of Oriente 
Province in Cuba was noted.+ The first 
outloading of ore since the reopening of 
the mine was placed on ship in July at 
Forari. Whereas the previous operators, 
Cie. Francaise des Phosphate de l'Oceanie, 
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washed and agglomerated the ore, the 
plans of the present operators, Le Man- 
ganese de Vaté, encompass only washing. 5 
The concentrate produced in 1970 aver- 
aged 43 percent manganese. Exports to- 
taled 29,000 short tons of concentrate, and 
2,100 tons of agglomerate that apparently 
had been left in stocks. 
Nigeria.—Relatively small bodies of man- 
ganese oxides resulting from the supergene 
alteration of a spessartite-quartzite (gon- 
dite) lens in a hitherto unmapped metased- 
imentary belt in northern Nigeria were 
described. This and other unexplored me- 
tasedimentary belts of this part of the 
country are similar to those carrying man- 
ganese ores further west.in Ghana, Upper 
Volta, and the Ivory Coast, except that 
these are much younger in age. 6 
Norway.—Production of both ferroman- 
ganese and silicomanganese was adversely 
affected by a continuing power shortage 
and by an explosion April 1 that severely 
damaged Elkem’s Porsgrunn plant. 
Pakistan.—Reserves of manganese ore 
were estimated by the country’s Geological 
Survey to total more than 565,000 short 
tons of ore. Grade was not stated. West 
Pakistan produced 159 tons in 1969. 
Peru.— Manganese ore produced in 1970 
averaged 33.0 percent manganese. 
Philippines.—There was no low-grade 
manganese ore produced in 1970. The 
manganese ore produced had an average 
grade of 52 percent manganese. No ferro- 
manganese or silicomanganese was pro- 
duced. Union Carbide Corp. was complet- 
ing construction of its second dry-cell 
battery plant in the Philippines. Located 
on the island of Cebu, the plant will be 
owned and operated by.Union Carbide 
Philippines, Inc. Union Carbide's other 
Philippine plant is in Manila where it has 
operated for more than 15 years. 
Portugal.—Production of manganese ore 
in 1969 averaged 43.6 percent manganese. 
In addition, approximately 60,000 short 
tons of manganiferous iron ore was pro- 
duced analyzing 46.5 percent iron and 8 
percent manganese. 


* Warden, A. J. Genesis of the Forari Man- 
ganese Deposit, New Hebrides. Inst. Min. & Met. 
n. (London), No. 759, February 1970, pp. B 

5 Pacific Islands Monthly (Sydney, Australia). 
V. 41, No. 8, August 1970, pp. 126-127. 

6 Wright, J. B. and P. McCurry. First Occur- 
rence of Manganese Ores in Northern Nigeria 
100 Geol., v. 65, No. 2, March-April 1970, pp. 
103-106. 
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Romania.—Beginning in 1970, Metalim- 
port contracted to import manganese and 
other ferroalloys from the United States 
(AIRCO) over a 5 year period. 

South Africa, Republic of.—Production 
of metallurgical ore of the various grades 
in 1970 was as follows, in short tons: 30 to 
40 percent manganese, 1,837,000; 40 to 45 
percent, 120,000; 45 to 48 percent, 125,000; 
and over 48 percent, 732,000. Local sales 
were, respectively, 443,000, 24,000, 81,000, 
and 229,000 tons. Of the chemical ore pro- 
duced, 128,000 tons contained 35 to 65 per- 
cent manganese dioxide, 12,000 tons con- 
tained 65 to 75 percent manganese dioxide. 
No chemical ore of 75-to-85 grade was pro- 
duced. Local sales for the two lower grades 
were 88,000 and 2,700 tons, respectively. 
Production of ferruginous manganese ore, 
containing 15 to 30 percent manganese and 
20 to 35 percent iron, amounted to 412,000 
tons. Exports were 98,000 tons and local 
sales 7,500 tons. Total exports of metallur- 
gical ore were 2,237,000 tons; for chemical 
grade ore they were 8,800 tons. Effective 
April 1, the government-owned South Afri- 
can Railways reduced rail rates for man- 
ganese ores from the mines in northern 
Cape Province to the ports of Durban and 
Port Elizabeth. An acute shortage of rail- 
way cars and lines became apparent in 1969 
and continued into 1970. This was coupled 
with, and probably was in part a contrib- 
uting factor to, deteriorating ship-loading 
rates at the ports in spite of increased mech- 
anization. Capital expenditures of the Asso- 
cated Manganese Mines of South Africa Ltd. 
included funds for extension of the rail line 
under construction from Hotazel to the 
company's Black Rock Mine. The compa- 
ny's subsidiary, Ferroalloys Ltd., in which 
U.S. Steel Corp. has a 31-percent interest, 
operated its ferromanganese and ferro- 
chromium plant at capacity in 1970. 

Electrolytic Metal Corp. (Pty) Ltd. 
(EMCOR), owned 70 percent by Techni- 
metals (Pty) Ltd. which is a wholly owned 
subsidiary of General Mining and Finance 
Corp. Ltd., was expanding production ca- 
pacity 30 percent at its Krugersdorp plant 
to 13,450 short tons per year. Continued 
success in lowering production costs and 
declaration of the first dividend were re- 
ported. Production of electrolytic man- 
ganese metal was 9,900 tons in 1969. The 
increased output combined with higher 
prices halted a series of losses so that a 
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satisfactory profit was realized for the fiscal 
year ending June 30, 1969. 

Marble Lime & Associated Industries 
Ltd., another affiliate of General Mining 
and Finance, completed a new manganese 
dioxide grinding and drying plant at Zee- 
rust. 

Thailand.—Production of battery-grade 
manganese ore (75 percent manganese 
dioxide) was 7,100 short tons in 1970, with 
most or all of the ore apparently from the 
mining operations of Thai Rocks and Min- 
erals Ltd., Lamphun Province in northern 
Thailand. The run-of-mine ore at that 
property, consisting almost entirely of pyr- 
olusite, ranges in grade from an average of 
40 to 50 percent manganese dioxide to as 
high as 80 percent manganese dioxide. The 
ore is broken out with paving breakers, 
trucked to the sorting area, washed in con- 
crete mixers, and dried in the open air, It 
is then screened into four size fractions: 
Coarse, which is hand sorted; jig feed; 
shaking-table feed; and fines. The fines are 
washed and the various products are 
blended to obtain the shipping grade of 75 
percent manganese dioxide, which brings 
$75 per metric ton f.o.b. Bangkok. The oper- 
ation employs 500 people in two shifts and 
a staff of 20. A shortage of rail cars in the 
country poses a problem in moving the ore 
to market.* Metallurgical-grade ore pro: 
duced in Thailand in 1970 amounted to 
19,000 tons, containing 46 to 50 percent 
manganese; exports were 8,300 tons. Ex- 
ports of battery-grade ore were only 400 
tons. Japan has been the principal destina- 
tion for Thai metallurgical ore, but it ap- 
pears that ‘the market is being lost to lower- 
cost Australian ore. 

U.S.S.R.—Gornyi Zhurnal, the Soviet 
Mining Journal, reported on the status of 
both the Chiatura and Nikopol' mining 
districts. Run-of-mine ore at Chiatura in 
Georgia now exceeds 6 million tons per 
year. Washing has produced a concentrate 
ranging from 48 to 52 percent manganese. 
This has accounted for most of the Soviet 
exports of ore. The first stage of a new 
flotation plant was completed in 1968, re- 
ceiving slurries from the gravity sections of 
other concentrators. When the plant is fin- 
ally completed, output will be approxi- 
mately 600,000 short tons per year of con- 
centrate in the form of fines having a 


T Beall, John V. Thailand. Min. Eng., v. 22, 
No. 7, July 1970, pp. 100-105. 
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manganese content of 37 to 38 percent. 
Exports of Georgian ore began in 1879 
and the deposits are expected to last an- 
other century. At Nikopol’ in the Dneper 
basin of the Ukraine the run-of-mine ore 
averages 30 percent manganese. The de- 
posit is mined by two organizations, Niko- 
polmarganetz and Ordzhonikidsemarganetz, 
from 31 underground mines and 17 open 
pits, feeding eight beneficiation plants. 
The grade of the concentrates has been 
improving and is currently 40.58 percent 
manganese for the first mentioned organi- 
zation and 42.95 percent for the other. 
The underground mines are being auto- 
mated, and the open pits are in course of 
modernization and mechanization. Most of 
the Nikopol’ ore is used domestically.* 
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United Kingdom.—Kodak Ltd. planned 
to begin production of manganese sulfate 
at the Kirby (Liverpool) plant of its 
chemical division. The output will satisfy 
domestic demand, roughly 550 short tons 
per year, for use in the production of fer- 
tilizers; the larger part of expected annual 


production of approximately 1,650 tons 


will be exported to Europe. Plans called 
for doubling capacity later. The company's 
U.S. affiliate, Tennessee Eastman Co., and 
mainland China have been the principal 
sources of supply of manganese sulfate for 
the United Kingdom. There has been no 
domestic production since 1966-67 when S. 
G. Bailey, Stroud, Kent, ended its small 
operation upon being unable to compete 
with Chinese pricing. 


TECHNOLOGY 


Study of major unit operations in a Bu- 
reau of Mines laboratory suggested that a 
reductive roast-ammoniacal leach process 
would be impractical for recovering man- 
ganese from calcareous deep-sea nodules. 
However, 90 percent or more of the nickel, 
cobalt, and copper contained in the nod- 
ules was extracted with an oxygenated 
ammonia-ammonium carbonate solution. 
Indications were that subsequent process- 
ing to obtain marketable nickel, cobalt, 
and copper products would be costly. The 
tests were conducted on nodules from the 
surface of the Blake Plateau off the Geor- 
gia coast at a depth of approximately 
3,000 feet. A representative portion of pul- 
verized nodules gave the following analysis, 
in percent: manganese 17; calcium, 13; 
iron, 11; silicon, 1.7; nickel, 0.6; cobalt, 
0.3; and copper, 0.1. Because of high cal- 
cite content, acid leaching processes would 
not be economical. In testing siliceous nod- 
ules from the Pacific Ocean, four differ- 
ent sulfur-recycling acidic methods were 
tried: (1) atmospheric-pressure leaching, 
using sulfur dioxide dissolved in water, 
(2) high-temperature leaching, using sul- 
fur dioxide and dilute sulfuric acid, 
(3) water leaching of the material after 
baking with sulfuric acid, and (4) water 
leaching of the material after roasting in 
sulfur dioxide and air. The latter proved 
to be the most promising of the four 
methods. Good extractions of manganese, 
nickel, cobalt, and copper were obtained 
with moderate consumption of sulfur diox- 


ide, sulfuric acid, hydrogen sulfide, and 
ammonia. These siliceous nodules came 
from the ocean floor off the Baja Califor- 
nia coast at a depth of approximately 12,000 
feet. A dried sample analyzed, in percent 
as follows: manganese, 25; iron, 10; silicon, 
7; calcium, 2; magnesium, 2; aluminum, 2; 
nickel, 1; copper, 0.5; zinc, 0.2; and cobalt, 
0.1. In the case of both the Atlantic and 
the Pacific nodules, their constituents were 
of a cryptocrystalline nature, intimately as- 
sociated with one another. 9 

In continuing research toward an eco- 
nomical process for extracting both man- 
ganese and iron from Cuyuna Range 
(Minn. ) manganiferous ores, the Bureau 
of Mines investigated in the laboratory a 
procedure whereby: (1) The nonmagnetic 
iron minerals are converted to magnetite, 
and the manganic minerals are converted 
to manganous oxide, by low-temperature 
gaseous reduction; (2) the manganese then 
is extracted by leaching with sulfuric acid; 
and (3) the iron is recovered from the 
leach residue by magnetic separation. The 
four tested ores came from the Hlillcrest, 
South Alstead, Sultana, and Hopkins 
mines, and had the following respective 
percentage analyses: manganese, 6.4, 9.4, 


8 Industrial Minerals (London). No. 29, Febru- 
ary 1970, p. 51. 

Mining Magazine (London). V. 122, No. 3, 
March 1970, p. 237. 

American Metal Market. V. 77, No. 97, May 
21, 1970, p. 15. I 

9 Brooks, P. T., and D. A. Martin. Processing 


Manganiferous Sea Nodules. BuMines Rept. of 
Inv. 7473, 1971, 19 pp. 
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7.8, and 5.5; iron, 45.8, 39.9, 36.3, and 36.0; 
and silica, 8.2, 12.8, 27.1, and 33.5. The re- 
sults gave high manganese recoveries in so- 
lution for all four of the ores tested. In 
addition, the Hillcrest and South Alstead 
ores yielded iron concentrates of acceptable 
blast furnace quality; the iron concentrate 
from the Sultana ore was to be considered 
marginal. Although manganese recoveries 
from the Hopkins ore averaged 88 percent, 
and iron recoveries of more than 90 per- 
cent were obtained in some instances, the 
iron concentrate obtained was of poor 
quality with silica content in the 15- to 
20-percent range. For all four ores, this 
procedure obtained much better man- 
ganese recoveries than did previously re- 
ported research using the  "metallizing 
roast,” or that using a roast-leach method 
wherein magnetic separation of the iron 
preceded acid leaching of the manganese. 
The latter method registered poorly in the 
comparisons, whereas the  "metallizing 
roast” did better for the iron by delivering 
better iron recoveries than either of the 
other two and having an appreciably better 
grade of iron concentrate.10 

Interest continued in the substitution of 
manganese for nickel in stainless steels. 
Armco Steel Corp. developed a new aus- 
tenitic stainless steel, designated 18-2 Mn, 
which contained 12 to 13 percent man- 
ganese, 18 percent chromium, and only 1.5 
to 2 percent nickel. It was reported to 
have almost double the strength of costlier 
standard grades, as well as excellent cold 
working characteristics. It has found use for 
high-strength, corrosion-resistant fasteners, 
wire screens, cloth, and cables. 11 In Japan, 
Nisshin Steel Works Co., Ltd., Tokyo, de- 
veloped a new stainless steel in which all 
of the nickel is replaced by manganese and 
copper. Designated NHS104, its composi- 
tion is 15-y5 percent chromium, 10 per- 
cent manganese, 3 percent copper, and the 
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balance iron. It can be produced with con- 
ventional equipment, and will be lower in 
price than type 304 stainless. It is being 
used in the manufacture of sinks, bath- 
tubs, and kitchen utensils.12 

Lupgi Gesellschaften, a subsidiary of Me- 
tallgesellschaft AG, Frankfurt, West Ger- 
many, joined with Deepsea Ventures Inc., 
Gloucester Point, Va., in the latter's con- 
tinuing exploration and test mining of 
deep sea floors. During 1970, Deepsea Ven- 
tures successfully completed testing of its 
prototype ocean mining rig at depths of 
3,000 feet on the Blake Plateau, and was 
scaling up its metallurgical testing from 
"mini-pilot plant" to pilot plant level. 
Plans called for developing a complete sys- 
tem for removing nodules from ocean floor 
depths of 15,000 to 18,000 feet with subse- 
quent extraction of nickel, copper, man- 
ganese, and cobalt by means of a 
sophisticated metallurgical process. If the 
results of the mining and metallurgical 
tests continue to be favorable, the com- 
pany envisages commercial production by 
an international consortium by 1976 or 
1977. Other organizations were active dur- 
ing the year in investigating the possibili- 
ties for development of the deep-sea nod- 
ules. Both Japan and the U.S. S. R. 
reported recovery of nodules from depths 
exceeding 10,000 feet. The Japanese opera- 
tion, 250 miles northwest ot Tahiti, re- 
covered 2 tons of nodules using a flexible 
cable bucket line having approximately 
300 buckets of 65-pound capacity each. 
Numerous patents were granted for meth- 
ods for recovering manganese nodules from 
the deep ocean floors. 


10 Jacobs, H. D. Magnetic Roasting and Leach- 
ing for Upgrading Minnesota Manganiferous 
Iron Ores. BuMines Rept. of Inv. 7411, 1970, 13 


Ppp. 

11 Materials Engineering. V. 71, No. 2, Febru- 
ary 1970, p. 20. 
a Iron Age. V. 206, No. 25, Dec. 17, 1970, p. 
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Mercury 


By V. Anthony Cammarota, Jr. 


Consumption, production, and imports 
of mercury in the United States during 
1970 were lower than the previous year. In 
the first quarter consumption continued at 
the 1969 rate, but at yearend declines were 
noted for almost all uses. Much of the de- 
cline in usage was attributed to the slowed 
pace of the U.S. economy and the problem 
of mercury pollution. The use of mercury 
compounds in the pulp and paper industry 
declined significantly. Mine production in 
1970 was down about 8 percent to 27,303 
flasks.2 Secondary production | 
lower, primarily because of lower sales of 
surplus mercury from the General Services 
Administration (GSA) stockpiles. Imports 
declined sharply to 21,972 flasks but ex- 
ports increased substantially. 

Pollution of the environment by mer- 
cury became a major consideration in 1970. 
The U.S. Department of Agriculture 
(USDA) cancelled the registration of 48 
mercury compounds used as agricultural 
and commercial biocides. Because of the 
potential hazard, USDA is reviewing all 
biocidal uses of mercury. 

The price of mercury (New York) 
dropped continuously during the year, to 
$350-$360 at yearend. Lack of buying in- 


also was 


terest on the part of domestic consumers 
contributed to soft prices. 

Of the major world mercury producers, 
only Canada, which became the chief for- 
eign supplier to the United States, and 
Mexico increased production significantly 
during 1970. 

Legislation and Government Programs. 
—Government financial assistance on a 
participatory basis was available through 
the Office of Minerals Exploration, U.S. 
Geological Survey, for mercury exploration 
projects to the extent of 75 percent of the 
acceptable costs. Repayment was to be 
made at the annual rate of 5 percent roy- 
alty on production from the property. No 
contracts were executed during 1970. 

In early 1970 Congress refused approval 
of legislation which would have allowed 
the sale of 73,605 flasks of mercury in ex- 
cess of the stockpile objective of 126,500 
flasks. As of December 31, 1970, total stock- 
pile accumulations from all programs stood 
at 200,105 flasks. 

Releases by the GSA of surplus mercury 
stocks continued into 1970, but bidding 
was cancelled in September because of un- 


1 Physical scientist, Division of Nonferrous Met- 
als. 

2 Flask as used throughout this chapter refers 
to the 76-pound flask. 


Table 1.—Salient mercury statistics 


1966 1967 1968 1969 1970 
United States: 
Producing mines 130 122 87 109 79 
Production. ...................- flasks. . 22,008 23,784 28,874 29,640 27,303 
Vallée. esce thousands $9,72 $11,639 $15,464 $14,969 $11,134 
EXpORBS.. coo owe ts flasks- _ 2,627 7,496 507 4,653 
Reexports. |............-.....-- do- 476 475 103 108 50 
Imports: 
For consumption do.... 31,364 24, 348 23, 246 31,924 21,972 
General. ..................- do.... 34,757 23,899 23,956 30,848 21,672 
Stocks Dec. 141414. o... 20,076 18,277 22,907 22, 692 16,376 
Consumption do.... 71,509 69,517 75,422 77,372 61,503 
v ee New York, average per flask. ` $441. 72 $489. 36 $535.56 $505.04 $407. 77 
or 
Production flasks.. 264,994 232, 073 259,694 290,043 284,497 
Price: London, average per flak $447.68 $499.36 $546.80 $536.41 $411.45 
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favorable market conditions. Total releases 
were 703 flasks, 701 of which were com- 
mercial sales. The stock remaining to be 
sold at the end of 1970 was about 13,500 
flasks. In January mercury was sold for an 


DOMESTIC 


Because of low prices and soft demand, 
the number of operating mines in 1970 de- 
creased to 79 from 110 in 1969. Many of 
the mines that became inactive were small 
producers who found it uneconomical to 
produce mercury at prevailing prices dur- 
ing the year. Some exploration and devel- 
opment work continued, however. Some of 
the large producing mines that ceased op- 
erations during 1970 included the Juniper, 
El Capitan, and Gambonini in California, 
and the Quinn River, Goldbanks, and B & 


average price of $486.42; in June the aver- 
age selling price was $411.00. 

The depletion allowance for mercury re- 
mained at 22 percent for domestic deposits 
and 14 percent for foreign deposits. 


PRODUCTION 


B in Nevada. The number of mines re- 
porting outputs of 1,000 flasks or more in- 
creased by one over 1969. Properties pro- 
ducing 500 to 999 flasks increased from 
three to five. The number reporting 100 to 
499 flasks decreased to 10 from 15 in 1969. 
Of the total production, 75 percent came 
from producers of 1,000 flasks or more, 11 
percent from producers of 500 to 999 
flasks, and 10 percent from producers of 
100 to 499 flasks. Principal mines in 1970 
were as follows: 


State County Mine 
Properties Producing 1,000 Flasks or More 
Alask aaa Aniak Districts eee occ dscccce Red Devil. 
California C ³ĩÄW¹wm ⁵ĩ⅛ͤ³ y ⁰⁰ u SSD ss S Abbott. 
DO ota sia: San Luis Obisapo Buena Vista. 
¡AAA ener; S 222 ja 1 Culver-Baer. 
Do. c. 2 zz ees Santa DarDard öĩ;ù ñ Gibraltar. 
DO nata Santa ClaPR. unicas Guadalupe. 
CCCP eo. ð as 2 us Mt. Jackson. 
PB cesse Santa Capa. cones K ͤ ʒ EE CE 5 New Almaden. 
Do. lcs San eniio‚oo‚o rie see New Idria. 
los 8 Washingtoͤnnnnnn „„ Idaho-Almaden. 
Nevada..............- Hüsch 8 Quinn River (Cordero). 
P/«§Ü% ³ ³ A visa 6 Co A ß O Ruja. 
Properties Producing 500 to 999 Flasks 
Alaska Kuskokwim River Region Cinnabar Creek. 
California Eil A A Altoona. 
e BEE Marin EE Gambonini. 
DOM 1ö;öͤÜ nf ² ]¹ yd M Manhattan-One Shot. 
Nevada _  . r ß & B. 
Properties Producing 100 to 499 Flasks 
Alaskk aaa Kuskokwim River Region... nn White Mountain. 
California CCö§ö§Ü—i k ce ß 8 Aetna. 
Ri e noah ae E A A eels 8 Chileno Valley. 
LR. A lll! ͥ a od Corona. 
DOs. 22222 ees San Luis Obispo Klau. 
Po Santa Clara ccs. oie os d as Old Guadalupe. 
Nevada..............- Lander. uns ß y . Basic McCoy. 
Re sr sisads 11 ¹ mm ˙ꝛeũ⁊.¼l y y ee Goldbank. 
Oregon Dh ³ Elkhead. 
Texas Brewsters ß ca u e ue Study Butte. 


California continued to be the major 
producing State, contributing 68 percent of 
the prime virgin mercury compared with 62 
percent in 1969. Although 21 fewer mines 
were operating in the State in 1970, total 
output was maintained by increased pro- 
duction from the Abbott, Aetna, Altoona, 
Culver-Baer, Manhattan-One Shot, New 
Almaden, and Old Guadalupe mines. Op- 


eration of new furnace at the New Al. 
maden mine site increased mercury capac- 
ity by approximately 200 flasks per month. 

Nevada produced 18 percent of the total 
mercury with 11 fewer mines than in 
1969. The shutdown of the famous Quinn 
River (Cordero) mine was permanent with 
regard to underground mining, but the 
company is weighing the possibility of 


MERCURY 


strip mining. The Ruja mine, which ad- 
joins the Quinn River mine, is now the 
State's largest producer. 

The Idaho-Almaden mine in Idaho con- 
tinued production at the 1969 level. Four 
mines were active in Alaska. The Red 
Devil mine, reopened by Alaska Mines and 
Minerals, Inc., has contracted to sell to 
Japan all concentrates from its 100-ton- 
per-day flotation mill during the first year 
of operation. The Elkhead mine accounted 
for the bulk of the increased output from 
Oregon. No production was reported from 
Arizona and only minor quantities from 
Arkansas and Washington. 
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The St. Joe Minerals Corp. recovered by- 
product mercury from zinc concentrates at 
its smelter in Monaca, Pa. Most of the zinc 
concentrate comes from the company’s 
mines in New York. Mercury recovery in 
1969 was 280 flasks. 

Secondary production of mercury de- 
creased by 41 percent. While much of this 
decline was due to a lower rate of release 
from Government stockpiles, slack demand 
during the year generated less scrap. Den- 
tal amalgams, scrap batteries, various types 
of sludges, and discarded mercury-contain- 
ing instruments were sources of secondary 
mercury. 


Table 2.—Mercury produced in the United States, by States 


Year and State 


BI OM. ß E oe ee se 
Alaska, Arizona, New York, Texas_____....-------- 


1970 


Oregon s e DM A 


r Revised. 
1 Value calculated at average New York price. 


Table 3.—Mercury ore treated and 
mercury produced in the United States 1 


Mercury produced 


Ore treated Pounds 
Year (short tons) Flasks per ton 
of ore 

1966.......... 321,080 21,993 5.2 
19 —„——ö 439,753 23,767 4.1 
1968... ......- 434 , 193 28,857 5.1 
19699 432, 591 28,552 5.0 
Logo ..-.--- 424,595 26,802 4.8 


1 Excludes mercury produced from old surface ores, 
dumps, placers, and as a byproduct. 


Produeing Value ! 
mines Flasks (thousands) 

SES 72 18,480 $9,333 
a aw ds 1 1,012 511 
noe eee 24 8,165 4,124 
Pes 4 43 22 
RPM 8 r 1,940 r 979 
Ee 109 r 29,640 r 14,969 
e 51 18,593 7,582 
en E 1,038 423 
Ee 13 4,916 2,005 
as 5 274 112 
3 9 2, 482 1.012 
OUT 79 27,303 11,134 


Table 4.—Production of secondary 
mercury in the United States 


Y ear Flasks i 
J7õĩĩ³¹Ü y ð AO 16,400 
J K 5 22,150 
e A y 8 34, 380 
h ͥ A0 A 13,650 
Jh.;; 8 „051 


1 Includes GSA releases. 


CONSUMPTION AND USES 


Consumption decreased to 61,503 flasks, 
the lowest level since 1961. All categories 
except amalgamation and mildew proofing 
for paint showed decreases. The largest use 
of mercury was for electrical apparatus, 
which accounted for 26 percent of the 


total, followed by electrolytic preparation 
of chlorine and caustic soda with 24 per- 
cent. 

In 1970 an estimated 9.7 million tons of 
chlorine was produced, with 27.6 percent 
coming from mercury cells. Although chlo- 
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rine production increased by about 3 per- 
cent over 1969, mercury consumption as 
processing loss in the mercury cells de- 
creased about 27 percent. Consumption of 
mercury per ton of chlorine produced was 
0.43 pound in 1970, compared with the 
usual level of 0.5 to 0.6 pound during the 
previous 8 years. Reasons cited for the de- 
crease were improved plant operating pro- 
cedures which resulted in lower mercury 
losses. The Department of the Interior 
had set a limit of 8 ounces of mercury per 
day in water effluent from each plant. 
This action resulted in 50 major mercury 
users, primarily chlorine and caustic soda 
plants, reducing their mercury discharge 
by 85 percent. No new mercury-cell plants 
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are planned in the United States, and 
three have closed or announced plans to 
do so. 

Several industries have curtailed or elim- 


inated the use of mercury in their proc- 
esses. The American Paper Institute stated 
that the paper industry no longer uses 
mercury compounds for in-process slime 
control, Methyl mercury compounds can 
no longer be used for seed treating. Com- 
pounds subject to USDA registration ac- 
counted for about 21 percent of the total 
mercury used in 1970, Homestake Mining 
Co., Lead, S. Dak., discontinued the mer- 
cury amalgamation process for gold recov- 
ery at yearend. 


Table 5.—Mercury consumed in the United States, by uses 


(Flasks) 
Use 1966 1 19671 19681 1969 1970 
Aerieulture _---------------------------------- 2,374 3,732 3,430 2,689 1,811 
Amalgamatioꝶ nn 248 219 267 195 219 
%%% ͥͥͥͥͥ³·¹ ͤ ·»T Ü ˙Üͤ .. 1.932 2,489 1,914 2,958 2,238 
Dental porenarationg 2. Lll. l Lll l2... 2,133 2,886 8,079 r 2,880 2,286 
Electrical apparatus____-...--..---------------- 17,638 16,223 19,680 718,490 15,952 
Electrolytic preparation of chlorine and caustic soda. 11,541 14,306 17,458 20,720 15,011 
General laboratory ugse ,217 1,940 1,989 r 1,936 1,806 
ori and control instruments 7,294 7,459 7,978 r 6,655 4,832 
aint: 

IA AA A aces 140 152 892 244 198 
Mildew proofng. 8,789 7,026 10,174 9,486 10,149 
Paper and pulp manufacture. 612 44 417 558 226 
Pharmaceuticals «««««4 232 283 424 r 712 690 
Other õĩê³«Ü¹ ⅛¾ ͤ0 ry y ⁰ 16,359 12,856 8,275 r 9,134 5,858 
Total known uses 71,509 69,517 75,422 76,657 61,276 

Total uses unknown... .........-..-.....-. eee ^ 1.2... ----- r 715 
Grand tet 8 71. 509 69,517 75,422 1 77,372 61,508 

r Revised. 


1 Uses include proportion of mercury previously reported under redistilled.“ 


? Includes mercury used for installation and expansion 


of chlorine and caustic soda plants. 


Table 6.—Mercury consumed in the United States in 1970 


(Flasks) 
Primary Redistilled Secondary Total 
Agriculture! ic saco eee 1 89112 sossen | Bees 1,811 
Ann,. dass 206 8 10 219 
Catalysts ¿uuu ³ r ...... aa 1.916 225 97 2, 288 
Dental preparations.. --.------------------------------=--- 166 1,372 748 2,286 
Electrical apparatus 11,432 3,469 1,051 15,952 
Electrolytic preparation of chlorine and caustic soda... ....... 14,749 . ...... 262 15,011 
General laboratory une 689 495 622 ,806 
HI MCN and control instruments____.......-.--.-...--.--- 2,124 2,853 355 4,832 

aint: 

Rat ¿a a eed uai cae 193 55 198 
Mildew poroofng. 10,149 . ...... ....-- 10,149 
Paper and pulp manufacture 223 De 3 226 
Pharmaceuticals 280 362 48 690 
) ⁵³ðW] y ²² um iE 5, 668 12 178 5, 858 
Total known uses 49, 606 8, 296 3,374 61,276 
Total uses unknown. -` ------------------------------ 15 69 1 227 
Gn, « )“ he Se ee eee 49,621 8,365 8,517 61,503 


1 Includes fungicides and bactericides for industrial purposes. 


PERCENT 


QUANTITY, thousand 76-Ib flasks 


AVERAGE PRICE 
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Figure 1.— Trends in production, consumption, and price of mercury. 
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Table 7.—Stocks of mercury, December 31 


(Flasks) 
Consumer 
Y ear Producer and Total 
dealer 
196 1,976 18,100 20,076 
1967 757 17, 520 18,277 
19688 1,059 21,848 22,907 
1oegr t 2,920 19,772 22,692 
1970 3, 861 12, 515 16,376 
r Revised. 
PRICES 


Mercury prices declined during 1970, av- 
eraging $407.77 per flask on the New York 
market. With the exception of several 
price rallies during the year, monthly aver- 
ages slid from $482.50 in January to 
$354.50 in December. Bearish factors were 
the Senate hearings on the effects of mer- 


cury on man and the environment and the 
cancellation of registration of 48 mercury 
biocides. The monthly average on the Lon- 
don market kept pace with New York 
prices and showed an annual average of 
$411.45 per flask. 


Table 8.—Average monthly prices of mercury at New York and London 


(Per flask) 
1969 1970 
Month 
New York 1 London 2 New York ! London ? 

e ß $528.18 $532.29 $482.50 $494.25 
Rebeet ee E 537.26 538.28 462.47 460.13 
March. oia x lata Sch ee Sus 520.48 533.34 459.76 463.97 
ADI EE x LL. 500.95 533.67 467.23 464.03 
AA E ee IN 516.24 532.19 442.00 439.27 
Ur.. 8 495.00 532.87 411.14 414.38 
I ͥ AA 8 499.382 533. 05 409.09 413.09 
Kuh ⁵ o L 485.24 531.92 358.48 370.34 
September TOP HN K 491.10 524.47 851.05 855.65 
October JJC 483.91 526.32 341. 59 346.17 
Novembe rr 506.89 560.13 853.42 859.38 
Desde 8 495.95 563. 36 354. 50 358.46 
Average_.... AAA 505.04 536.41 407.77 411.45 


1 Metals Week, New Vork. 


2 Metal Bullet in pues in terms of pounds sterling were converted to U.S. dollars by using average rates of 


exchange recorded by Federal Reserve Board. 


FOREIGN TRADE 


Mercury exports jumped sharply to 4,653 
flasks from 507 flasks in 1969. Over half 
the exports went to Japan, and much of 
this originated from the Red Devil mine 
in Alaska. Other large buyers included 
Australia, Canada, and Pakistan. Reexports 
remained small at 50 flasks. 

Imports for consumption decreased by 31 
percent, to 21,972 flasks. Canada supplied 
81 percent and Spain 9 percént. Italy and 
Mexico supplied much less than in 1969, 
while no imports were reported from Yu- 
goslavia. Sweden and Switzerland supplied 


minor quantities. No mercury ore was im- 
ported, and trade in mercury compounds 
was insignificant. 

Mercury waste and scrap from Canada 
were included in the import figures. Based 
on dollar values, the scrap contained about 
150 flasks. 

The U.S. rate of duty on mercury im- 
ports dropped from $12.92 per flask during 
the year to $11.40 per flask as of January 
1, 1971, in accordance with provisions of 
the General Agreement on Tariffs and 
Trade. 
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Table 9.—U.S. exports and reexports 


of mercury 
Exports Reexports 
Year Value Value 
Flasks (thou- Flasks (thou- 
sands) sands) 
1968. 7,496 $8,951 108 $54 
19699 507 294 108 57 
197000 4,653 2,133 50 19 


Table 10.—U.S. imports for consumption 1 of mercury, by countries 


1968 
Country 
Flasks 

— 
Argentina.. eee 142 
I no ᷣ y 20 
. ³ðâ ⁰ ee s 5, 626 
Chil. uae ꝛmm mw. DL ET 4 
Germany, West 
Ghana... a ee. aeu 
A bemus einem quen A 252 
q onu mE enu ⁰mʒ a ee 1,928 
POr a c orae 1,161 
SUB. noc a ede cec a E 12,900 
Sweden... sede eee ee dues edid. 
Switzerland. iore a. wot 
United Kingdom 
Yugoslavia... uu aa 1,171 

Otel AA ⁵ 8 23,246 


1969 1970 

Value Value Value 
(thou- Flasks (thou- Flasks (thou- 
sands) sands) sands) 
rr ꝛo . 285055. ë xA 
10 11 $6- 2. amis 
SCT 15,546 7,455 17,872 $7,140 

Same: tare -— cesa (2) (2) 
EE 107 eens 3 
119 5,041 2, 520 1,101 560 
877 7,398 3,409 920 419 
468 A e 14 6 
6,218 2,602 1,216 2,002 945 
redd A E 12 4 
cun T . mute du Maias io 1 1 
Der 888 186 50 26 
558 831 All | 2l ë 2e 
11,164 31,924 15,207 21,972 9,101 


1 In 1968, general imports were 23,956 flasks ($11,505,001); Italy supplied 551 flasks ($260,846) and Mexico 


2,339 flasks ($1,076,267). In 1969, 


385), ), Spain supplied 1,702 asks ($805,504). 


Less than unit. 


WORLD 


Canada.—Output from the Pinchi Lake 
mercury deposit operated by Cominco Ltd. 
increased about 15 percent over 1969. Sev- 
enty-four percent of the production was 
exported to the United States. The ore 
grade increased from 4.3 pounds of mer- 
cury per ton of ore in 1969 to 4.8 pounds 
per ton in 1970. Empire Mercury Corp., 
Ltd., continued drilling in the Bralorne 
District, Lilloet area, British Columbia. 
Reserves of some 700,000 tons grading 1.1 
pounds per ton have been outlined, and 
recent drilling indicates 3.2 pounds per ton 
in another area. 

China, mainland.—No production statis- 
tics are available, but some export figures 
for 1968 and 1969 can be derived from re- 
ports of the recipient countries. The larg- 
est buyers of Chinese mercury in 1968 in- 
cluded the United Kingdom, France, 
Poland, West Germany, and Japan. Ex- 
ports to these countries decreased sharply 
in 1969, and Italy became an importer. 


eneral imports were 30,84 
flasks ($1,355, 396) and ra 8, 665 asks ($1,872,834). In 1970, general imports were 21,672 flas 


8 flasks ($14,699,376), Spain sup ppro 2,902 


($8,962, 


REVIEW 


Czechoslovakia.—The crude zinc ore from 
the Rudnany enterprise near Spisska Nova 
Ves was treated by flotation to remove the 
copper and mercury sulfides. The concen- 
trate contained 1.8 to 2 percent mercury, 
which was recovered in the flue gas conden- 
sate, redistilled, and bottled at the rate of 
20 flasks per day. 

Finland.—The large Finnish base metal 
producer, Outokumpu Oy, started to re- 
cover byproduct mercury from zinc roaster 
gases at its new Kokkola electrolytic zinc 
refinery. Production capacity is almost 600 
flasks per year, which is approximately 
Finland's annual consumption. The process 
has the advantage of being applicable to 
the treatment of a large variety of mercu- 
ry-containing gases, thereby making it at- 
tractive in regard to environmental pollu- 
tion. 

Indonesia.—A Japanese survey team 
failed to discover any promising mercury 
deposits in the Tegoro district, southeast 
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Table 11.—Mercury: World production, by countries 
(Flasks) 
Country ! 1968 1969 1970 p 
Bolivia dee 134 68 1 
añada. see eto r 5,700 21,200 24,400 
J! ] — ³ dd ee 513 286 e 380 
China, mainland ¶ůůCwlllll io 20,000 20,000 20,000 
/ ee eege 362 344 e 350 
Geenen. eelere 116 435 e 2,000 
111117· ?ͥß:. xßß A yd LEE E seg 420 21,604 
FTI 8 r 53,317 48, 733 44,982 
/ßö·Ü5—1 ...... 88 5,084 , 54 5,907 
JJ! bis at dt M A EE 17,202 22,539 30,269 
f E E pa ole ucc . u am ZS E E r 3,132 8,365 e 8,400 
FH... w eee ess 3,544 3,478 4,648 
alc eee eae s ou eae ⁰ ⁰ ⁰ydãw ð v y hee ie r 56,943 64,862 47,689 
It ß ß LEM ae 309 244 100 
[hog inca tee ee ees oe eee ee eek eee seo wae r 4,670 6,556 8,592 
IE E MA A IO I y 45,000 47,000 48,000 
United Staten oa ³ wae 28,874 29,640 27,308 
Fi A mu u eaa cs 14,794 14,330 15,461 
lll ³ð r 259,694 290, 043 284,497 
e Estimate. p Preliminary. r Revised. 


1 Romania recorded production of mercury through 1967 at which time production was terminated; esti- 
mates for 1968 and 1969 which appeared in previous editions of the Minerals Yearbook therefore are in error. 


2 Sales only. 


3 Official figures as reported by Statistical Office, Secretary of Industry and Commerce, Mexico; overall pro- 


duction of mercury believed to be much higher. 
4 Total is of listed figures only. 


of Kuching, Sarawak (Malaysia) and the 
Japan Mining Association said it will sus- 
pend exploration in the area. 

Ireland.—Gortdrum Mines Ltd. in 
County Tipperary planned to recover 1,440 
flasks of mercury during 1970 as a byprod- 
uct at its copper and silver mine. In the 
first 7 months, 6,000 tons of concentrate 
yielded 742 flasks. The mercury content is 
so low in the ore that it has not been as- 
sayed, but estimates for mercury recovery 
during the life of the mine range from 
9,000 to 12,000 flasks. 

Italy.—Production fell for the second 
consecutive year to 44,382 flasks, and ex- 
ports were off by 55 percent in 1970 to 
15,487 flasks. Società Minerariá Monte 
Amiata held metal off the market to firm 
up falling world prices, with the result 
that sizable inventories of as much as 
40,000 flasks may have been built up. 
Monte Amiata reported labor strikes at its 
mercury mines and refineries near Siena, 
but production was not affected. Italy's 
other producer, Stabilimento Minerario del 
Siele, maintained normal operations. The 
average grade of Italian ore was 10 pounds 
of mercury per ton. Italy's biggest cus- 
tomer in 1970 was again East Germany, 
followed by the United Kingdom, Japan, 
and the Netherlands. Exports to West Ger- 
many and the United States decreased 
sharply from 1969 levels. 


Japan.—]apan consumes between 35,000 
and 44,000 flasks of mercury annually, of 
which more than 80 percent is imported, 
mostly from Mexico, Italy, Spain, and Yu- 
goslavia. Two Japanese companies report- 
edly purchased 2,450 flasks of Philippine 
mercury offered for sale by Palawan 
Quicksilver Mines, Inc. The Nomura Min- 
ing Co. produces about 3,500 flasks an- 
nually from Alaskan concentrate and hopes 
to produce about 500 flasks annually from 
domestic ore. 

Mexico.—A greater proportion of mer- 
cury is entering legal channels in response 
to action by the Government of Mexico to 
reduce smuggling. At the beginning of 
1968, production and export taxes were 
halved, and in August 1968, new control 
regulations were promulgated. Neverthe- 
less, trade sources estimate that as much as 
half of the total production is not re- 
ported. One reason for illegal production 
and smuggling is the Mexican income tax, 
which puts many medium-sized producers 
in a tax bracket above 40 percent. It is es- 
timated that at least a thousand localities 
are worked, regularly or sporadically, for 
mercury; many are in wild, inaccessible 
areas where law enforcement is difficult. 

Philippines.—Output in 1970 increased 
34 percent over 1969 with improvements in 
the furnaces and grinding units of Pala- 
wan Quicksilver Mines, Inc. Reserves were 
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estimated at 40,000 flasks, with additional 
resources of 500,000 tons of ore containing 
about 2.8 pounds per ton. 
Spain.—Production decreased to 47,689 
flasks from 64,862 flasks in 1969. Cutbacks 
were dictated by market considerations 
rather than any technical problems or ore 
shortage. One of the four Herreschoff 
eight-hearth furnaces at Almadén was shut 
down for alteration. New condenser lines 
were built to improve recovery, and auto- 
matic furnace temperature controls were 
installed. Ore reserves are not given other 
than that they are adequate for 90 to 100 
years at the present rate of extraction. Ore 
grade averages 60 pounds per ton but is 
said to be as high as 1,400 pounds per ton 
in places. Some old waste dumps were re- 
processed during the year, accounting for 
the average ore grade of 40 pounds per 
ton during 1970. Minas de Almadén has 
announced plans to increase mercury out- 


WORLD 


Updating 1962 reserve data, provided by 
the U.S. Geological Survey,3 with estimated 
reserve figures available in 1970, resulted 
in the assessment of world mercury re- 
serves minable at $410 per flask that are 
shown in table 13. Data for the U.S.S.R. 
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put by 50 percent in the next 2 years, but 
the mercury market situation may alter 
these plans. Prospecting continues for new 
mercury deposits in Leon and Asturias. 

Turkey.—Production increased substan- 
tially, reflecting the startup of the Konya 
Sizma mine. The increase will probably 
continue with the expected activation of 
the new Turk Civa A.S. mine. Etibank’s 
Halikoys mine supplied about one-third of 
the output. Average grade of ore mined 
contained 4.8 pounds of mercury per ton. 

Yugoslavia.—Prospecting at the [dria 
mine has been successful, enabling a fur- 
ther increase from the present production 
of 15,461 flasks obtained in the new rotary 
furnaces from ore grading 3.6 pounds per 
ton. The new Ljubevce mine will provide 
sufficient ore reserves for increased produc- 
tion and operation of a fourth rotary 
smelting furnace. 


RESERVES 


Table 13.—Assessment of world mercury 
reserves recoverable at the 1970 
average price 


Estimate 


Country or area (thousand flasks) 


North America: 


and China are inadequate and reserves in United States 380 
: SA ` ; Canada gcc. cscs soe 820 
Spain may be significantly higher than in- Mexico 370 
dicated. About 54 percent of the mercury Soun a menes ---------------- 40 
reserve is in Spain and Italy. Italy. MONET 240 
SPAIN co su AAA 2,600 
PARO AA uuu ere 2300 
Vugosla via 460 
Ohle A 10 
f a 30 

Asia: 
China, mainland............. 400 
Japan.. .------ AA 20 
Philippines 40 
Turn 100 
TOUG A ĩðͤ K c 5,310 

TECHNOLOGY 


Research continued on techniques for 
determining trace mercury often associated 
with base-metal deposits. Samples of rock, 
soil, or plants are digested with sulfuric 
acid and then treated with potassium per- 
manganate solution to oxidize and release 
the mercury in elemental form. After 
amalgamation on copper foil, it is heated 
in a flow of carbon dioxide, and the 
amount of mercury is determined from a 


mercury detector. The method offers good 
sensitivity down to 10 parts per billion 


(ppb) - 
The need for monitoring liquid and gas- 


3 Bailey, E. H., and R. M. Smith. Mercury—Its 
Occurrence and Economic Trends. Geol. Survey 
Cir. 496, 1964, 11 pp. 

* Barakso, J. J., and C. Tarnocai. A Mercury 
Determination Method and Its Use for Explora- 
tion in British Columbia. Can. Min. Met. Bull., 
v. 63, No. 696, April 1970, pp. 501-505. 
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eous plant discharges has spurred the de- 
velopment of analytical techniques capable 
of detecting mercury in the low ppb 
range. One instrument was described that 
can analyze air or water samples continu- 
ously, and almost instantaneously measure 
and record mercury in the 0 to 10 ppb 
range. A Swedish firm claims it can deter- 
mine in 2 minutes mercury content in 
gases and liquids in the low ppb range 
and even distinguish between metallic and 
ionic mercury.5 A relatively inexpensive 
system for determination of mercury in or- 
ganic or inorganic solids and solutions, or 
air, facilitates routine checks for mercury 
contamination.6 A patent has been filed 
for an iodide electrode method, making 
possible direct measurement of as little as 
2 ppb mercuric ion in water.7 

Procedures to recover mercury from 
waste streams for pollution abatement re- 
ceived much attention. One method in- 
volves conversion of organic mercury into 
the inorganic form, then reduction with 
sodium borohydride to precipitate metallic 
mercury.8 Another system, licensed from 
Osaka Soda Co, of Japan that used the pro- 
cess at five chlor-alkali plants, removes mer- 
cury from waste waters, slurries, and gases.9 
The system can cut mercury in waste 
water to below 5 ppb and recover a substan- 
tial amount for reuse. Other processes for 
recovering mercury from hydrogen streams 
of chlor-alkali plants,10 and from waste ef- 
fluent in a manner similar to a fixed-bed 
filter/ion exchanger 11 have been described. 
A novel Japanese approach for removing 
organic mercury compounds from wastewa- 
ter utilizes bacteria which convert the mer- 
cury compounds to a volatile gas that is 
trapped in an activated carbon filter.12 
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A report was issued by the Bureau of 
Mines Reno (Nev.) Metallurgy Research 
Center describing the process for recover- 
ing mercury from ores by electrolytic 
oxidation.13 Continuation of the work on 
a pilot plant scale indicates that extraction 
of mercury ranges from 82 to 95 percent. 
The process has the added advantage of 
avoiding the formation of hazardous va- 
pors associated with conventional retorting 
of ores. 

At the College Park (Md.) Metallurgy 
Research Center, applications of amalgam 
techniques were studied for refining alumi- 
num-base scrap. Electrolytic recovery of the 
least moble component of amalgams con- 
taining lead, tin, zinc, and copper has 
been readily accomplished. Also, an analyt- 
ical program is underway to determine 
mercury content based on tHe combination 
of chemically loaded papers and X-ray 
spectrography-neutron activation. An inter- 
esting possibility from this work is the sep- 
aration of methyl mercury and inorganic 
mercury by pH adjustment prior to pas- 
sage of the solution through the resin. 


8 Metal Bulletin. No. 5532, Sept. 15, 1970, p. 
2 


6 Chemical and Engineering News. V. 48, No. 
44, Oct. 19, 1970, p. 87. 

T? Work cited in footnote 6. 

8 Chemical Week. V. 107, No. 25, Dec. 16, 
1970, p. 59. 

? Work cited in footnote 8. 

10 Chemistry and Industry. No. 52, Dec. 26, 
1970, p. 1634. 

11 Chemical Engineering. V. 77, No. 21, Oct. 5, 
1970, p. 47. 

12 Air and Water News. V. 4, No. 37, Sept. 14, 
1970, p. 4. 

13 Scheiner, B. J., R. E. Lindstrom, D. E. 
Shanks, and T. A. Henrie. Electrolytic Oxidation 
of Cinnabar Ores for Mercury Recovery. BuMines 
Tech. Prog. Rept. No. 26, June 1970, 11 pp. 
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Mica 


By Benjamin Petkof * 


There was no reported sheet mica pro- 
duction in the United States during 1970. 
Scrap and flake production declined in 
both quantity and value from the previous 
year. Ground mica, produced from scrap 


and flake, also declined in quantity and 
value. Exports of all classes of mica in- 
creased. Imports of muscovite scrap and 
flake and phlogopite increased significantly. 


Table 1.—Salient mica statistics 


1966 1967 1968 1969 1970 
United States: 
Sold or used by producers: 
she a FFC thousand pounds 4 20 15 W 
J ü A thousands 31 W „„ 
Serap and flake mica. _ _ _ _ thousand short tons. _ 113 119 125 133 119 
o thousands.. $8,732 $2,87 $3,014 $2,898 $2,527 
Ground mica............- thousand short tons 103 97 11 125 115 
r. osos thousands.. $6,247 $5,756 $7,072 $8,058 $7,850 
Consumption, block and film thousand pounds 2,813 , 972 | 1,498 1,299 
EE thousands.. $3,642 $2,757 $2,591 $2,595 32, 058 
Consumption, splitting thousand pounds. 7,100 6,188 4,785 ,07 5,214 
Valle. aia a thousands.. $3,221 $2,759 $2,010 $2,196 $2,254 
ee thousand short tons 6 7 14 
Imports for consumption. nnn do. 7 4 5 5 6 
World: Production thousand pounds 323,411 317,381 346,513 351,655 347, 426 


W Withheld to avoid disclosing individual company confidential data. 


DOMESTIC PRODUCTION 


Sheet Mica.—No domestic sheet mica 
production was reported during the year. 
This marks the termination of an old do- 
mestic minerals industry that began with 
the production of sheet for use as win- 
dows, lamp chimneys, and lampshades at 
the beginning of the nineteenth century. It 
is unlikely that there will be any future 
production of sheet mica because of the 
high labor cost involved in production, 

Scrap and Flake Mica.—The output of 
scrap and flake mica declined 11 percent 
in quantity and 13 percent in value. North 
Carolina was again the major producer of 


scrap and flake, accounting for more than 
half of the total domestic supply. Ten 
States accounted for the remaining produc- 
tion. 

Ground Mica.—Sales of ground mica de- 
clined 8 percent in quantity and 9 percent 
in value from 1969. Dry-ground mica ac- 
counted for 91 percent of total sales. 
Reports were received from 20 companies 
operating 22 plants; 18 were dry grinding 
plants and four wet-grinding plants. 


1 Physical 
Minerals. 


scientist, Division of Nonmetallic 
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Table 2.—Mica sold or used by producers in the United States 


Sheet mica 
Uncut punch and Uncut mica larger 


Year and State circle mica than punch and Total sheet mica Scrap and flake 
circle mica 1 
Pounds Value Pounds Value Pounds Value riada Value 
ns 
1900 25 eee adi E 4,500 $905 ...... ....-- 4,500 $905 118,133 $8,732,242 
LTE 0,500 W 20,500 W 118,508 2,876,149 
„ A ee 15,000 W 15,000 W 125,828 3,013,855 
1969 eee a to Soe us W $8,244 ...... ....-- 3,244 133,058 2,893,188 
1970: 

Narr secede. ff de 64,136 1,456,768 
PFF cos uu usos wx RS César isis moscas coseces 1,200 60,000 
Othër derer ↄ § / 8 53,507 1,010,687 
Total.oi.2 22. Y!. y ß cs idus 118,848 2,527,450 


W Withheld to avoid disclosing individual company confidential data. 
1 Includes finely divided mica recovered from mica and sericite schist, and mica that is a byproduct of feldspar 
and kaolin beneficiation. 


2 Alabama, Arizona, Colorado, Connecticut, Georgia, New Hampshire, New Mexico, South Carolina, and 
South Dakota. 


Table $.—Ground mica sold by producers in the United States 
by methods of grinding 1 


Dry-ground Wet-ground Total 
Year Short Value Short Value Short Value ? 
tons (thousands) tons (thousands) tons (thousands) 
IM orina 87,361 $4,110 16,089 $2,137 108 , 450 $6,247 
Lu EE 82,849 3,842 14,204 1,915 97,053 ,756 
J 96,410 4,862 14,979 2,210 111,889 7,072 
1969 cacaos 8 109, 152 5,486 15,704 2,572 124,856 8,058 
1010. A 104,743 5,666 10,350 1,683 115,093 7,850 


1 Domestic and some imported scrap. 
2 Data may not add to totals shown because of independent rounding. 


CONSUMPTION AND USES 


Sheet Mica.—Consumption of sheet mica, 
consisting of block, film, and splittings, de- 
clined only slightly from 6.6 million 
pounds in 1969 to 6.5 million pounds in 
1970. 

About 1.2 million pounds of block mica 
was consumed for the production of vac- 
uum tubes, capacitors, and various other 
electrical and nonelectrical products. Vac- 
uum tubes required 51 percent; capacitors 
accounted for 16 percent of total consump- 
tion. Lower than stained quality was in 
greatest demand, accounting for 62 percent 
of total consumption; stained, 35 percent; 
and good stained or better, the remainder. 

Muscovite block and film was consumed 
by 17 companies in eight States. North 
Carolina, with four consuming plants, and 


New Jersey and New York, with three 
each, consumed 60 percent of the domesti- 
cally fabricated block and film mica. The 
consumption of phlogopite block declined 
24 percent to 60,780 pounds. 

Total consumption of mica splittings in- 
creased almost 3 percent over that of 1969. 
India and the Malagasy Republic supplied 
the bulk of the splittings consumed. Split- 
tings were fabricated into various built-up 
mica products by 13 companies in nine 
States. Six companies, two in New York, 
two in Pennsylvania, and one each in Mas- 
sachusetts and New Hampshire, consumed 
about 4.1 million pounds of splittings or 
almost 79 percent of the total consump- 
tion. 


MICA 
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Table 4.—Fabrication of muscovite ruby and nonruby block and film mica and 
phlogopite block mica, by qualities and end-product uses in the United States in 1970 
(Pounds) 


Variety, form, and 
quality 


Muscovite: 
Block: 
Good Stained 


Lower than 
Stained 1. 


quality.... 
Other quality. 


Block and film: 
Good Stained 
or better 2_ 
Stained . 
Lower than 
Stained 


Total. 
Phlogopite: Block 
(all qualities) 


Capaci- 
tors 


1.004 
43,875 


146, 082 
190,961 


3,693 
12,575 


19,843 


17,272 
47,450 


146,082 
210,804 


Electronic uses 


Tubes 


3,499 
359,120 


264,335 
626,954 


3,499 
359,120 


264,335 
626,954 


Other 


2,638 
29,603 


140,234 
172,475 


2,638 
29,603 


140,234 
172,475 
4,350 


Total 


7,141 
432, 598 


550, 651 
990,390 


3,693 
12,575 


19,843 


23,409 
436,173 


550,651 


1,010,233 


Gage 
glass 
and dia- 
phragms 


4,400 
2,031 


13,618 
20,049 


4,400 
2,031 


13,618 
20,049 


Nonelectronic uses 


Other 


207 , 904 
207,998 


350 
94 


207,904 
208,348 
56,430 


Total 


4,400 
2,125 


221,522 
228,047 


4,750 
2,125 


221,522 
228,397 


em em e em em ee 


Grand 
total 


11,541 
434,723 


772,173 


1,218,437 


3,693 


12,925 
3,575 


20,193 


28,159 
438,298 


772,178 


1,238,680 


60,780 


1 Includes punch mica. 


* Includes first- and second-quality film. 
3 Includes other-quality film. 


Table 5.—Fabrication of muscovite ruby and nonruby block and film mica in the 
United States in 1970, by qualities and grades 


Form, variety, and quality 


Block: 
Rub 


Stained 


Nonruby: 


Good Stained or better 


Stained 


quality 


quality 


y: 
Good Stained, or better 


Other quality... ooo... 


(Pounds) 

No. 4 
and No. 5 

larger 
4,355 826 
8,977 56,316 
24,438 106,964 
37,770 164,106 
2,063 510 
2,946 7,922 
26,016 13,340 
31,025 21,772 
718 425 
6,097 2,378 
6,815 2,803 


Grade 


No. 5% No.6 


473 
50,444 
71,838 


122,755 


2,150 
3,900 
1,750 


7,800 


282,336 
259,963 


543,263 


1 Figures for block mica include all smaller than No. 6 grade and “punch” mica. 


Other ! 


Total 


6,618 
410,842 
680,107 


1,097,567 


4,923 
24,081 
91,866 


120,870 


1,843 
12,025 
3,575 


17,443 
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Table 6.—Consumption of stocks of mica splittings in the United States, by sources 
(Thousand pounds and thousand dollars) 


India 


Quantity 
Consumption: 
ff ³¹¹¹ 6,749 
/»; ⅛³»¹ y ad 5, 857 
1968 MEM 4,579 
/ eee ccc 8 4,799 
ÄM EE 5,018 
Stocks Dec. 31 
EE 3,669 
11 2,737 
/ A 2,469 
))) 2,415 
JJ; ͤ eee 


Malagasy Total 1 

Value Quantity Value Quantity Value 
$3,005 351 $216 7,100 $3,221 
2,566 331 193 6,188 2,759 
1,874 206 136 4,785 2,010 
2,005 278 191 5,077 2,196 
2,109 202 144 5,214 2,254 
NA 206 NA 8,875 NA 
NA 159 NA 2,896 NA 
NA 149 NA 2,618 NA 
NA 145 NA 2,560 NA 
NA w NA 2,013 NA 


NA Not available. W Withheld to avoid disclosing individual company confidential data. 
1 Data may not add to totals shown because of independent rounding. 


Built-Up Mica.—This category of mica- 
based alternate material was produced in 
various forms primarily for use as an elec- 
trical insulating material. During the pe- 
riod 1965-68 the output of this material 
had been declining, but began to increase 
in 1969. Output in 1970 was up 8 percent 
in quantity and 10 percent in value over 
the previous year. The form in greatest de- 
mand was segment plate (30 percent), fol- 
lowed by tape (22 percent), and molding 
plate (21 percent). 

Reconstituted Mica.—This form of mica- 
based alternate material was fabricated 


Table 7.—Built-up mica 1 sold or used 
in the United States, by products 


(Thousand pounds and thousand dollars) 


1969 1970 
Product 
Quan- Value Quan- Value 
tity tity 

Molding plate 947 $2,706 1,005 $3,024 
Segment plate.... 1,376 2,453 1,389 2,863 
Heater plate 2 407 123 43 94 
Flexible (cold)... _ 403 856 605 1,187 
ape 1,208 4,529 1,051 3,796 
Other (2) 1,034 589 1,898 
Total 2. 4,341 11,701 4,682 12,862 


1 Consists of alternate layers of binder and irregu- 
larly arranged and partly overlapped splittings. 
2 “Other” combined with Heater Plate for 1969 to 
1 9 0 disclosing individual company confidential 
ata. 
Data may not add to totals shown because of 
independent rounding. 


from good-quality, delaminated scrap mica 
by the General Electric Co. at Schenectady, 
N.Y.; the Samica Corp. at Schenectady, 
N.Y.; and Acim Paper Corp. at New Hyde 
Park, N.Y. Mica paper was made from the 
delaminated mica using  paper-making 
techniques. According to the National elec- 
trical Manufacturers Association, net domes- 
tic sales of mica-paper products declined 
from $5.0 million in 1969 to $4.7 million 
in 1970. 


Table 8.—Ground mica sold by producers 
in the United States, by uses 


1969 1970 

Use Short Value Short Value 

tons (thou- tons (thou- 

sands) sands) 
Roofing...... 41,095 $1,198 28,409 $947 
Wallpaper... 600 79 506 84 
Rubber...... 7,348 885 6,673 793 
Paint........ 29,081 2,818 25,382 2,458 
Plastics. ..... 684 133 570 109 
Welding rods. W WwW W W 
Joint cement. 30,081 2,106 34,834 2,188 
Other uses 1. 16,017 838 138, 719 775 
Total?. 124,856 8,058 115,098 7,850 


W Withheld to avoid disclosing individual com- 
pany confidential data, included with “Other uses.” 

1 Includes mica used for molded electric insulation, 
house insulation, Christmas tree snow, annealing, 
well drilling, other purposes, and uses indicated by 
symbol W. 

* Data may not add to totals shown because of 
independent rounding. 


STOCKS 


At yearend there were about 3.2 million 
pounds of sheet mica in fabrications” stocks. 
Of this quantity, nearly four-fifths was 
splittings and one-fifth was block. Only a 
minor quantity was film. This information 
was obtained by direct canvass of fabrica- 


tors Of sheet mica. Similar information is 
not available for scrap and flake mica, but 
it is thought that producers maintain stock 
inventories equal to 5 to 10 percent of do- 
mestic production. 
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PRICES 


At the beginning of 1970, the Engineer- 
ing and Mining Journal published prices 
for domestic sheet mica that were un- 
changed from those of the previous year. 
However, these published prices are no 
longer meaningful because of the termina- 
tion of domestic sheet mica production. 
The price of first quality mica from the 
Malagasy Republic ranged from $0.50 per 
pound for material under | square inch to 
$3.25 per pound for that averaging 10 to 14 
square inches. 

Yearend prices quoted in the Oil, Paint 
and Drug Reporter were unchanged from 
those of the previous year and are shown 
in table 9. 


Table 9.—Price of dry- or wet-ground 
mica in the United States in 1970 1 


Cents 
per 
pound 
Dry-ground: 
Joint cement. _----------------------- 397 
Plastic, 100 mesh. ................-..- 3% 
Roofing, 20 to 80 mesh 2-3 
Wet-ground:? 
Eet EE 7 V6 
Biotite, less than earlots ........ 8 V6 
Paint or lacquer, 325 mesh............. 8% 
Paint or lacquer, 325 mesh, less than 
/ A 91 
ae A GE? 
Rubber, less than carlots 3 9% 
Wallpaper: Steet 9% 


1 In bags at works, carlots, unless otherwise noted. 

2 Freight allowed east of the Mississippi River, 
Lë cent higher west of the Mississippi River, 1 cent 
higher west of the Rockies. 

3 Ex-warehouse or freight allowed east of the 
Mississippi River. 

Source: Oil, Paint and Drug Reporter. V. 198, 
No. 26, Dec. 28, 1970. 


FOREIGN TRADE 


All classes of mica exports increased 
slightly more than 50 percent in both 
quantity and value over that of the pre- 
vious year. More than half of the total ex- 
ports were shipped to Canada, Jamaica, 
and Japan. Reported data do not provide 
information on the grade or type of mica 
exported, but it is assumed that more than 
half of the material exported is ground 
mica. 


All forms of sheet mica imports declined 
during the year indicating possible dimin- 
ishing demand for sheet mica by domestic 
consumers. However, imports of muscovite 
scrap material almost doubled, and im- 
ports of phlogopite almost tripled. Imports 
of the remaining classes of mica also de- 
clined. 
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Table 10.—U.S. exports of mica and manufactures of mica, by countries 


Mica, including block, 


film and splittings, waste Manufactured 
Destination and scrap and ground mica 
Pounds Value Pounds Value 
(thousands) (thousands) 
Arabis, EE 97,000 $8 245 (2) 
RT TEEN 90,000 D. aia. 8 
KN AN TT WE 87,057 10 12,089 $26 
Australia- ccoo . aii ME EE 40,110 5 22,266 46 
Bahamas . 20,000 20 5,423 7 
Belgium-Luxembourg. ..........................- 30,200 8 934 8 
PAZ oo oe eset k ) ĩͤ 201,250 50 53,729 142 
e ß ß ms ius 5,354,311 346 235, 041 814 
„ Sua ste zs SDS ana eui d 25,000 2 86 
Colombia A u u sss 95,234 16 9,476 25 
E EE 81,000 G 8 
l0 ag /;ð³˙¹¹¹à u A mt 8 75,850 A m 
FF ˙iͥ asa EEN 7,896 38 
A 594, 000 34 3,216 20 
Germany, Wes 309,393 58 17,108 30 
Hong Kong ð i¼ -kFſ d 17,730 53 
Indene dsds nessa a 91,900 JJ. ĩ ĩðù 8 
C1 w vere olde ensem e a eue. 36,450 5 
e . 347,407 21 26,472 101 
JAMAICA AA A oe eee X 2,107,985 264 4,967 21 
PJ SEEE EEEE E oa 2,676,701 82 66,796 1 
lee 106,240 13 572,111 1,517 
Netherland 367, 886 42 10, 173 
e DA A DS EE 161,100 10 3,588 6 
O AA mmm EIER dee 64,900 7 172 1 
Sinh ⁰ ⁰⁰⁰⁰ 2 Rs 40, 000 A moss ⁰y s 
South Africa, Republic o 168,000 8 8,448 19 
¡A ee ee d 151,950 10 9,820 82 
dJ ³˙ſſſGGGGhPVThPThfPſhPſſſhhſhſhhhVfſVPVPTCTCä: . ĩ d mu ciet 47,896 70 
S ↄ EE 52, 530 PJ]. A]] meu e E 
0//§êéͤ ß 98,474 3 2,138 14 
Trinidad and Tobago. ...............-..........- 30,000 4 880 2 
United Kingdom. ..............................- 2,730,426 254 97,462 141 
Venezuela. cn SS ⁊ v ae 884,807 45 i 10 
Other countries k.k. 242, 446 22 19, 904 44 
MM ³˙—wm.¹ä ꝗÄ TA. 17,459, 607 1.422 1,260,780 3,310 
1 Less than Le unit. 
Table 11.—U.S. exports and imports of mica 
(Thousand pounds and thousand dollars) 
Exports Imports for consumption 
Year All classes Uncut sheet Scrap Manufactured 
and punch 


Quantity Value Quantity Value Quantity Value Quantity Value 


19688 27,489 32, 766 1.491 $1, 539 3,157 $77 5,293 $3,373 
1889 8 12, 449 3,108 1,601 1,695 3,078 74 5,520 3,060 
1910-2252 18,721 4,732 875 966 6,048 126 4,530 2,549 


MICA 793 


Table 12.—U.S. imports for consumption of mica, by kinds and countries 


Unmanufactured 1 


Waste and scrap Other 
— o soP.[_Mü  %——--F Block mica — T 
Year and country Phlogopite Other Muscovite Other, n.e.c. 
Value Value alue Value Value 
Pounds (thou- Pounds (thou- Pounds Mcd Pounds (thou- Pounds dän 
sands) sands) sands) sands) sands) 
198688 93,069 $5 3,064,096 $72 1,128,661 $1,041 186,426 3298 175,526 $200 
196999. 135,207 10 2,942,643 64 1,253,092 1,204 133,274 285 215,141 206 
1970: 
All,, ⁵ðↄðx 8 6,063 3 
Brazil........ 275,575 8 341,713 9 551,401 566 34,514 57 87,218 35 
Ceylon....... .....- oo... 247,640 EEN 2,240 (2) 
Germany, 

Weest ul. susi ꝛ ses ie 13,228 1 2, 950 11 
r . idos 1,917 3 
Hei A AN ⁵ ⁵ ⁵ ⁵ ß AI 25 21 
Indis... sida: a2- 4,545,815 95 99, 850 87 2,700 12 1,536 30 
Malagasy 

Republic... 105,044 5 212,160 9 12,037 16" Lune weis 41,890 41 
§öôê— ⁵ x ³ B20; EE, AOL. ⁰⁰y0ꝗgͤ!0 AAA 
NODBl 20:23 . AI NA . IA 1,400 7 220 19 
South Africa, 

Republic of. usais ibas 320,000 6 2,000 2 4,914 2^ iuba sce 
TanzaniaKe˖ ..-..-.--- ----- 690 2 4,877 16 222 4 
United 

Kingdom___ _..... a022- ds? nui 1,408 3 576 11 43 4 

Total 380,619 13 5,667,328 123 681,134 690 48,981 105 144,550 171 

Manufactured 
Not cut or stamped Cut or stamped 
Splittings not over 0.006 inch ——ə— —O ao 
in thickness Not over 0.006 inch Over 0.006 inch 
in thickness in thickness 

Value Value Value Value 

Pounds (t hou- Pounds (t hou- Pounds (t hou- Pounds (t hou- 

sands) sands) sands) sands) 

19688 4,808,447 $1,339 97,997 $233 98,594 $1,444 120,339 $191 

199 5,093,992 1,139 84,939 136 90,984 1,372 109, 743 165 
1970: 

Belgium- 

EuxembOUfB- E ß, ß e ads oS 13,077 33 
Brazil 21,164 19 11,291 15 1,737 22 2,636 9 
Hall... A ua Susa %% eee, ieee catas mde 
Hong Kong. ...1:000. ]jðᷣ d uiuere . aaa: dear. ada 

ndia......... 042,078 1,171 15,955 33 60,551 724 42,867 64 
C1 tado. als. ir a Y  - . d A ds 
Japan; 2c seria Ge toe casa. macte 215 E uel ie 
Konya ⁰˙ ͥ ² SE ` cuprum LE E nA 53 TTT 
Korea, | 

ü 170 2 2 (2) 
Leeward and 

Windward 

Islands .......- T2 (3) 100 r didus d 
Malagasy 

Republic. . . 178,839 114 Sete. 8 4,287 PN. EEN 
Mexico. o 2,500 (2) 2,242 72 645 4 
/f A A 1,900 13 1,447 O 
South Africa, 

eine,, ß ß isa. a. ea 26,142 30 
United 

Kingdom. .. 1,751 TTT 1. 146 18 288 3 


Total. 4,244,832 1,310 31.938 63 72,067 888 85,657 143 


See footnotes at end of table. 
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Table 12.—U.S. imports for consumption of mica, by kinds and countries—Continued 


Manufactured 
Mica plates and built-up Ground or pulverized Articles not especially 
Year and country mica provided for of mica 
Pounds Value Pounds Value Pounds Value 
(thousands) (thousands) (thousands) 
1968_____... . . .-- 45,860 $77 113,616 $13 8,089 $76 
1968999 .. 71.457 97 55,115 5 13,898 146 
1970: 
Belgium- 

Luxembourg. 57,772 AT — a ͤ ͤ 6,042 15 
Canada „652 17 4, 480 j; 88 
Germany, 

West 9,539 I6. —— Ste eecesece. attacco 16 1 
India......... 600 2 besa 8 1,034 8 
Japan 3, 696 FTT 510 1 

orea, 

Pfr.; ⁵ ↄ 2 1 
Netherlands... . e e De 91 5 

SEHR eebe nm f meee cias 59 1 
United 

Kingdom 2,999 JJ; AA 8 4,710 27 

Total...... 79,258 90 4,480 1 12,464 54 


1 In addition to classes shown for 1970, of untrimmed phlogopite, from which no piece over 2 by 1 inch may 


be cut, was 38,069 pounds ($705) from Brazil. 
2 Less than 2% unit. 


WORLD 


World mica production declined only 
slightly from that of the previous year. 
India and the Malagasy Republic were the 
major producers of muscovite and phlogo- 
pite mica, respectively. The United States 
was the largest producer of scrap and flake 
mica. 

India.—Crude mica production increased 
only slightly from 29,527 tons (revised) in 
1968 to 29,834 tons in 1969. Value in- 
creased 3 percent from $21.9 million in 
1968 to $22.6 million in 1969. Forty-one 
percent consisted of block, film and split- 
tings; an additional 43 percent, scrap; and 
the remainder processed mica primarily in 
the form of ground mica.2 


REVIEW 


According to the Bihar Mica Exporters 
Association, the 40-percent ad valorem ex- 
port duty imposed by the Indian Govern- 
ment on many grades of mica, has led 
some foreign buyers to substitute alternate 
materials for natural mica and has caused 
a decline in mica production. During 1969, 
exports of some grades of splittings in- 
creased by 50 percent when the Indian 
Government reduced the export duty on 
these grades from 40 to 20 percent ad 
valorem. 


2 Bureau of Mines. Mineral Trade Notes. V. 67, 
No. 10, October 1970, pp. 32-33. 

3 Industrial Minerals (London). No. 29, Febru- 
ary 1970, pp. 43-44. 
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World production, by countries 


(Thousand pounds) 


Country ! 1968 1969 1970» 
Argentina: 
SV/ ii a r 45 262 e 300 
Waste, scrap, etc... r 1,768 1,263 1,300 
NN A A Dh a ee d AA 13 
Brazil A e dd CLE LE E Qum a ha 3,677 3,922 „ 4,000 
Colom Din esse ... ete ES MEE 5 37 57 
(Ne ]³]ðu A A 3,360 253,000 e 3, 000 
India :? 
Blocker aaa pecto 3,816 3,944 3,732 
i e A n d i DE eie r 13,834 14,976 10,340 
Scrap and other 77%... aC anash 31,275 27,500 53,539 
Malagasy Republic (phlogopite): 
OCE EE ddddddddd/d/dũd A LE S ZZ ees 172 137 86 
III y ³ A 1,598 2,218 1,935 
J!!õõĩõĩ ] ]ð ] at ae EI Jdc 8 227 251 42 
TORIC estore nmmAmAA ] ³ ͥ ⁰ͥꝗæ kßdsd w x e SSS 1,625 1,310 1,235 
Mozambique (including acrapn). -aaau 642 772 e 770 
Norway (including scrap) uꝶ·n t 10, 613 8,393 9,493 
Portugal. d 4, 665 2,578 » 2, 600 
South Africa, Republic of: 
PU ³ↄ¹ Duos Sete cee ee EE 20 220 23 
d T 17,456 13,997 16,647 
Tanzania: 
A !!: yy k 2 159 213 99 
OPED A fd A A O 2 527 253 28 
United States: 
¡AA A WW 
h ³oW . ³⁰¹ d 250,646 266,115 287,686 
YVADOSISVIR e A e e Eae EDD r3 299 501 
A sees cau II SI ea ß r 346,513 351,655 347,426 
e Estimate. P Preliminary. ' Revised. 


1In addition to the countries listed, China (mainland), Romania, Southern Rhodesia, South-West Africa, 
Sweden, and the U.S.S.R. are known to produce mica, but available information is inadequate to make reliable 


estimates of output levels. 
2 Exports. 


3 Includes condenser film as follows: 1968, 189,000 pounds; 1969, 237,000 pounds; 1970, 231,000 pounds. 


TECHNOLOGY 


A recent report summarized the activities 
of the Bureau of Mines in developing a 
process to produce commercial-grade mica 
concentrates with a high recovery of con- 
tained mica. Laboratory work and continu- 
ous process development work was con- 
ducted on the weathered mica pegmatite 
areas of Alabama, Georgia, and North Car- 
olina to establish the feasibility of flotation 
methods to recover commerical-grade mica 
concentrates. An acid-cationic method for 
recovery of coarse mica and a alkaline-an- 
ionic-cationic method for recovery of fine 
mica were developed. Research indicated 
that both methods may be effectively used 
separately or together for flotation of mica 
from weathered pegmatite areas.4 


* Browning, J. 


Research studies of the elastic behavior 
of muscovite showed that some specimens 
were elastically isotropic in the basal plane 
while others were anisotropic. These aniso- 
tropic crystals, when examined by X-ray 
topographic techniques, were found to 
have a corrugated structure of the basal 
plane. When measurments were made on 
corrugation-free samples, no noticeable ani- 
sotropy of the elastic behavior in the basal 
plane was observable.5 


S. Mica Process Development. 
Trans., SME. AIME, v. 247, September 1970, pp. 
269-273. 

5 Caslavsky, J. L., and K. Vedom. Muscovites 
With Isotropic and Anistropic Elasticity in the 
Basal Plane. Amer. Miner., v. 55, No. 9-10, Sep- 
tember-October 1970, pp. 1633-1638. 
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Molybdenum 


By Andrew Kuklis 1 


Free world molybdenum production ca- 
pacity rose significantly in 1970, but de- 
mand for molybdenum weakened; hence by 
yearend a condition of oversupply and ris- 
ing inventories developed in the industry. 

Demand for molybdenum was exception- 
ally strong for the first part of the year 
when the steel mills of industrialized coun- 
tries were operating at near-capacity levels. 
As the year progressed, steel production 
declined in response to weakness in the 


free world economy. Consumption of mo- 
lybdenum declined proportionally because 
of lower production of molybdenum-bear- 
ing alloys and stainless steel. This condi- 
tion coincided with increased output of 
molybdenum in the United States, Canada, 
and Chile. | 

Despite an apparent oversupply, record 
expenditures were obligated for new mines 
and expansion of present operations. These 
were in various stages of construction at 
vearend. 


Table 1.—Salient molybdenum statistics 


(Thousand pounds of contained molybdenum and thousand dollars) 


1966 1967 1968 1969 1970 
United States: 

Concentrate: | 
Production. ...................-.- 90, 532 90,097 93,447 99,807 111,352 
Shipment 91,670 81,596 93,245 103,009 110,381 

RIUS. u uu 8 $144,827 $183,604 $151,000 $173,819 $190,077 
Consumptioů nn 75, 476 58,967 75, 647 73,275 76,101 
Imports for consumption 1,179 1 (1) 2 
Stocks, Dec. 31: Mine and plant 3,433 9,919 12,208 8,398 9,715 

Primary products: | 
Production A SU ĩðͤ 74,392 54, 922 69, 675 68, 526 75, 480 
Shipmentnn 78,811 57,231 63,761 77,726 76,095 
Consumption____ 52,324 49,506 49,271 51,622 45,337 
Stocks, Dec. 31: Producers 5,94 7,156 18,170 17,844 25,904 

Free world: Production 124,988 126,273 128,071 142,639 163,648 


1 Less than l4 unit. 


Legislation and Government Programs.— 
In July, a bill was enacted by Congress 
(Public Law 91-333) authorizing the Gen- 
eral Services Administration (GSA) to dis- 
pose of approximately 3.5 million pounds 
of molybdenum held in the national stock- 
pile. Specific rules and regulations were 
provided in the bill for disposition of ma- 
terial. 

During the year, GSA sold 4.8 million 
pounds of molybdenum to the molybde- 
num industry. Table 2 shows molybdenum 
material in Government inventories on De- 
cember 31, 1970, totaling 47.1 pounds of 
molybdenum. Approximately 5.8 million 


pounds of stored molybdenum in concen- 
trate was classified as sold but unshipped. 


Table 2.—Molybdenum material in 
Government inventories on December 31, 
1970 


(Thousand pounds molybdenum) 


National 
Stockpile (strategic) 


Type material 
objective stockpile 


Concentrate 17,115 28,499 

Ferromolybdenu mmm 7, 500 i 

Molybdic oxide 10,600 11,123 
Pts 35,215 47,123 


1 Mining engineer, Division of Ferrous Metals. 
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DOMESTIC PRODUCTION 


Domestic output of molybdenum estab- 


lished new record highs in production and 


shipments in 1970. Mine production of 
molybdenum in concentrate exceeded the 
100-million-pound mark for the first time 
in history. Higher production from both 
primary and coproduct sources accounted 
for the record output. In the past 20 years, 
annual production of molybdenum has 
nearly tripled, increasing from 38.9 million 
pounds in 1951 to over 111 million pounds 
in 1970. 

During 1970, the domestic molybdenum 
industry enjoyed continuous operations, as 
no serious labor problems interrupted pro- 
duction schedules. Large investments were 
obligated for new mines and expansion of 
present operating facilities. 

Of the total molybdenum output, over 
68 percent was produced from primary 
molybdenum sources and the balance was 


recovered as a coproduct of copper, tung- / 


sten, and uranium. 

Output of molybdenum from primary 
sources increased over 8 percent compared 
with the 1969 figure. However, primary 
molybdenum production’s share of total do- 
mestic output decreased from 71 percent 
in 1969 to 68 percent in 1970. This trend 
is expected to continue until the mid-1970's 
when the Henderson mine of American 
Metal Climax, Inc. (AMAX) is placed in 
operation. 

Output of molybdenum at coproduct 
plants rose over 19 percent compared with 
the 1969 figure, owing principally to the 
entry of two new producers during the 
year; namely, Duval Sierrita Corp. and The 
Anaconda Co. Of the 15 traditional co- 
product producing plants, 10 reported an 
increase in output; the remainder had 
lower production. Most coproduct produc- 
ers shipped molybdenum concentrate rather 
than converting it to oxide before ship- 
ment. The molybdenite content of cop- 
per ores treated ranged from about 0.02 
percent to 0.06 percent, and recovery 
ranged from a low of 40 percent at some 
mills to as much as 80 percent at others. 

Kennecott Copper Corp. was the leading 
producer of coproduct molybdenum fol- 
lowed by Duval Corp. and Magma Copper 
Co. According to the annual report of 
Kennecott Copper Corp. the company's 
four domestic mines produced nearly 17 
million pounds of molybdenum, compared 


with 15.9 million pounds in 1969. In- 
creased output was principall due to a 
higher production rate of copper ore. 


Pima Mining Co. initiated an expansion 
of its mining and milling facilities from 
40,000 tons to 53,000 tons per day at an es- 
timated capital cost of $16.5 million. The 
project was scheduled for completion in 
late 1971. Molybdenum production is ex- 
pected to reach 2 million pounds annually. 


Molybdenum Corporation of America 
(Molycorp) stated in their annual report 
that the Questa mine produced 10.1 million 
pounds of molybdenum in 1970, slightly 
lower than reported for 1969. The decline 
in output was due to lower-than-anticipated 
ore grade. At yearend, ore reserves totaled 
150 million tons with an average grade of 
0.173 percent molybdenite. 

With the authorization of $44.2 million 
in 1970, a total of over $103 million now 
has been obligated for development of the 
Henderson project, the new AMAX molyb- 
denum mine. Development work at the 
Henderson molybdenum deposit to date 
includes completion of mine-site grading 
and sinking of the Henderson No. 1 shaft, 
which reached the planned depth of 2,410 
feet in 1969. Construction of the Hender- 
son No. 2 shaft and concentrator began in 
1970, and the contractor, Harrison Western 
Corp., reported making good progress in 
sinking the 28-foot-diameter shaft. 

The estimated cost of developing the 
Henderson deposit is approximately $250 
million. With the output of this mine, 
AMAX’s capacity is expected to exceed 100 
million pounds of molybdenum per year. 

A $165 million copper-molybdenum 
mine was placed in operation near Tucson, 
Ariz., by Duval Sierrita Corp. The invest- 
ment was jointly financed by the Federal 
Government and the Duval Corp. in the 
interest of national security and under au- 
thorization of the Office of Emergency Pre- 
paredness. The open pit mine and concen- 
trator have a designed capacity of 80,000 
tons of ore per day, and the mill is ex- 
pected to produce 13 million pounds of 
molybdenum annually. Ore reserves devel- 
oped were reported at 414 million tons 
with an average copper content of 0.35 
percent and an average molybdenite con- 
tent of 0.036 percent. 
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The Anaconda Co. Twin Buttes open pit 
copper mine, placed in operation in late 
1969, began producing molybdenum concen- 
trates at midyear. The plant was designed 
to process over a million tons of copper- 
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molybdenum ore annually, from which 1 
million pounds of molybdenum will be re- 
covered. Ore reserves are reported at 292 
million tons, averaging 0.60 percent copper 
and 0.03 percent molybdenite. 


Table 3.—Production, shipments, and stocks of molybdenum products 
in the United States 
(Thousand pounds of contained molybdenum) 


1969 1970 1969 1970 1969 1970 

Molybdic oxide ! Metal powder Ammonium molybdate 
Received from other producers 6,021 7,148 250 612 570 496 
Gross production during year 68,65 84,099 8,243 3,042 2,393 3,329 
Used to make other products listed here.. 17,140 26,430 929 1,301 1,273 1,584 
Net produetion ------------------ 51,515 57,766 2,314 1,741 1,120 1,745 
Shipment 58,042 57, 158 2, 642 2, 244 1.674 1,865 
Producer stocks, Dec. 11I1Il 12,547 20,217 427 545 227 610 

Sodium molybdate Other 2 Total 3 

Received from other producers 85 114 221 856 7,146 8,726 
Gross production during year 617 777 13,161 13,516 88,068 104,763 
Used to make other products listed here 14 34 188 31 19,543 29,380 
Net oroduetion ------------------ 603 743 12,973 18,486 68,525 75,480 
Shipment Jea 837 886 14,531 18,942 717,726 76,095 
Producer stocks, Dec. 31. ............. 162 132 4,481 4,400 17,844 25,904 


1 Includes molybdic oxide, briquets, molybdic acid, and molybdenum trioxide. 

2 Includes ferromolybdenum, calcium molybdate, phosphomolybdic acid, molybdenum disulfide, pellets, 
molybdenum pentachloride, and molybdenum hexacarbonyl. 

3 Data may not add to totals shown because of independent rounding. 


CONSUMPTION AND USES 


Domestic consumption of molybdenum 
in concentrate increased 4 percent com- 
pared with that of 1969. Small quantities 
were used in producing purified molybde- 
num disulfide for lubricants, but most con- 
centrates were converted to molybdic oxide 
for use as such or for conversion to other 
primary molybdenum products. 

Domestic end-use consumption of mo- 
lybdenum totaled 45.3 million pounds, a 
decrease of 12 percent compared with that 
of 1969. Molybdenum consumption is 
closely associated with the level of activity 
in the iron and steel industry, particularly 
in the production of alloy and stainless 
steel. Steel manufactures take advantage of 
the unique properties that molybdenum 
conveys to various types of steel, such as 
hardenability, corrosion resistance, strength- 
ening, and toughness. Molybdenum was 
used either as the alloy material or in 
combination with other alloy materials, 
such as chromium, manganese, nickel, and 
tungsten. 

Molybdenum consumed in its various 
end-uses was in the form of molybdic 
oxide (65 percent), ferromolybdenum (21 
percent), ammonium and sodium molyb- 
date (3 percent), and others (11 percent). 
By far the largest end-use consumption of 


molybdic oxides was in alloy additives for 
steel (54 percent). Other large consuming 
uses of molybdic oxides were stainless steel 
(13 percent), carbon steel (9 percent), 
tool steel (6 percent), and pigments and 
catalysts (6 percent). 

The principal end-uses of ferromolyb- 
denum were in steel and cast iron; the 
former consumed about 54 percent and the 
latter, 28 percent. 

A molybdenum disilicide resistance heat- 
ing element was introduced for electric gas 
melting operations by Thatcher Glass 
Manufacturing Co., Elmira, N.Y. The ele- 
ment provided contamination-free and pre- 
cise temperature control in an experimen- 
tal project. Current electric glass melting 
furnaces utilize other mineral-base ele- 
ments, but operations have been unsatis- 
factory. 

An important use for molybdenum aris- 
ing from rapid growth and technological 
progress in the design of pressure vessels 
for all types of power generation systems, 
chemical, gas, petrochemical, and other in- 
dustries was evaluated.2 


2 Dunn, R. G., G. F. Whiteley, and W. Fair- 
hurst. Molybdenum's Place in The Pressure-Vessel 
Field. American Metal Climax, Inc., New York, 
1970, 261 pp. 
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Coated molybdenum heating coils which manufactured by Sylvania Electric Prod- 


produce cost savings up to 40. percent over 
platinum and platinum-rhodium coils were 


ucts, Inc. 


Table 4.—Consumption of molybdenum materials by end uses in 1970 
(Thousand pounds of contained molybdenum) 


End uses Molybdic 
oxides 
Steel: 
ron NU 2,590 
Stainless and heat resisting. .....- 3 8,927 
Alloy (excludes stainless and heat 
iesisting) zzz 16,010 
1J é E e mE: 1,631 
Cast irons_________ 2-2 222222 ...-- 1,093 
Superalloys... s 532 
Alloys (exclude alloy steels and super- 
alloys): 
Cutting and wear resistant mate- 
1111 dico ras 8 w 
Welding and alloy hardfacing rods 
and materials. 
Magnetic alloy w 
Other alloys *. lll W 
Mill products made from metal powder. w 
Chemical and ceramic uses: 
Pigments_____.. 694 
A AAA 88 1,139 
O ³ AA 66 
Miscellaneous and unspecified.......... 1,743 
Totali? EE 29,426 
Consumer stocks Dec. 31.............- 3,036 


Ferro- Ammonium Other 

molyb- and sodium molybdenum Total? 
denum 1 molybdate materials 3 
405 | ------ w 2,995 
1,765 |. | ...... 52 5,744 
2,1837 .  ...... 29 18,176 
878 LL w 2,509 
2,7198 80 3,916 
355 | ------ 1,621 2,508 
2338 3 241 
334 W 334 
ma Z w 

7 123 216 
W W 1. 716 1.716 
as 364 W 1.058 
3 674 o 1,813 
W 786 852 
681 73 761 3,258 
9,628 1,112 5,171 45,337 
1,353 36 953 5,706 


W Withheld to avoid disclosing individual company confidential data, included in “Miscellaneous and un- 


specified.” 
1 Includes calcium molybdate. 


s Includes purified molybdenum disulfide, molybdenite concentrate added directly to steel, molybdenum 
metal powder, molybdenum metal pellets, and other molybdenum materials. 
3 Data may not add to totals shown because of independent rounding. 


4 Includes nonferrous alloys. 


STOCKS 


The industrial inventory of molybdenum 
in concentrate and compounds totaled 
nearly 41.1 million pounds, 30 percent 
higher than at yearend 1969. Stocks of con- 
centrate at mines and plants increased 


nearly 16 percent, stocks of primary prod- 
ucts at producer plants increased 44 per- 
cent, and those at consumer plants in- 
creased 4 percent. 


PRICES 


The price per pound of contained 
molybdenum f.o.b. point of shipment, as 
quoted in Metals Week, was unchanged 
during the year, as follows: concentrate, 95 
percent molybdenum sulfide (MoSg) , $1.72; 
molybdic trioxide (MoOs) in bags $1.91, 
and in cans $1.92. The same publication 


quoted molybdenum powder, hydrogen re- 
duced, at $4.00 per pound; ferromolyb- 
denum, per pound of contained molybde- 
num, 5,000 pounds or more, f.o.b. New 
York, powdered, packed, was quoted at 
$2.27. 


FOREIGN TRADE 


Exports.—The United States continued 
to be a major supplier of molybdenum for 
the free world. In 1970, exports of molyb- 
denum in concentrate (including roasted 


concentrates) totaled 55.7 million pounds 
and accounted for about 50 percent of do- 
mestic output. The Netherlands and Japan 
received over 68 percent of the molybde- 
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num exported, about 6 percent more than 
in 1969. Most of the concentrate exported 
to the Netherlands was converted into 
technical-grade molybdic oxides for reship- 
ment to other European countries. 

In 1970, molybdenum concentrate ex- 
ports were 3 percent lower than in 1969, a 
record year. The decline in exports was 
due to lower shipments to the United 
Kingdom and West Germany, two large 
steel-producing countries. Exports to these 
countries declined from about 11 ‘million 
pounds in 1969 to about 7 million pounds 
in 1970. 

Imports.—Although the nation is self- 
sufficient in molybdenum material, a small 
quantity of concentrate, manufactured mo- 
lybdenum products, and waste and scrap 
enters the United States from numerous 
countries throughout the free world. High 
tariff rates preclude the importation of 
such material in large quantities. Import 


Table 5.—Molybdenum reported by 
producers as shipments for exports 
from the United States 


(Thousand pounds of contained molybdenum) 


1969 


Product 1970 
Molybdenite concentrate 29,528 82,998 
Molybdic oxide 18,295 15,801 
All other primary products... 1,484 1,929 
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duties negotiated under the 1967 “Kennedy 
round” of Tariff Negotiation effective on 
January I, 1971, are shown in table 8. 

According to the Department of Com- 
merce, wrought molybdenum products con- 
taining 28,835 pounds. of molybdenum 
were imported during 1970, an increase of 
more than 22 percent over 1969. Austria 
supplied about 68 percent of the total; the 
remainder came from seven other coun- 
tries. The importation of 4,175 pounds of 
molybdenum contained in  unwrought 
molybdenum products, all from West Ger- 
many, was considerably higher than in 1969. 

Molybdenum concentrate, containing 
25,348 pounds of molybdenum and valued 
at nearly $50,000 was imported from Chile 
and the Philippines. The molybdenum 
content of waste and scrap imported from 
five countries totaled 175,576 pounds, val - 
ued at nearly $369,000. Netherlands and 
West Germany were the principal sup- 
pliers. 

Molybdenum chemicals and related ma- 
terials entering the United States included 
molybdenum compounds, inorganic com- 
pounds, and molybdenum orange. Imports 
of molybdenum compounds totaling 2,023 
pounds contained weight, valued at nearly 
$9,000 were reported in 1970. Japan was the 
principal supplier (45 percent) ; the remain- 


Table 6.—U.S. exports of molybdenum ore and concentrates (including roasted 
concentrates), by countries 
(Thousand pounds and thousand dollars) 


1969 1970 
Destination 
Molybdenum Value Molybdenum Value 
(content) (content) 
AuUSLPEIIE Sa ta «˙ r 887 $677 890 $1,408 
A A A hs i we eee 794 1,345 203 386 
Belgium-Luxembourg. ...................- 1,379 2,465 786 1,465 
1; ] e ĩðW, 8 64 112 199 260 
/ ³o»A.A ⁵⁵ 8 464 768 517 846 
Czechoslovakia 630 1,033 642 915 
JJ. as eer alin ee 8 2,170 3,687 3,022 5,155 
Germany 

Rast. sii tupas 628 1,235 368 638 
A A TT 7,846 11,962 5,569 8,810 
iii A Ri EA Ee 38 43 326 477 
tel Eeer 1,487 2,508 805 1,457 
77)õÄõĩ²⁰¹˙ sa e 11,446 20,002 13,738 23,386 
E e AA et edn 207 370 335 473 
Netherlands 24, 634 43,087 24,411 42,861 

New Zealand 14 
Lg RI e AAA 3; 22 36 58 114 
South Africa, Republic of. .--.--..----..-.- 86 141 105 168 
Pills en a eta lo ea a ea. traemos 11 19 
Sweden-. A l... cte 1,950 8,079 1,980 3,322 
United Kingdom. .....................-.-.- 8,654 6,157 1,533 2,728 
Venezuela. |... .....- Lc L LLL oo 157 290 186 259 
G%%%%ö·˙ß5ð0¹(0b( ͥ m m ... . eae 27 48 39 75 
rr ³o6 8 r 57, 575 99, 055 55,737 95,246 
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Table 7.—U.S. exports of molybdenum products 
(Thousand pounds, gross weight, and thousand dollars) 
1969 1970 


Product and country A Z = 
Quantity Value Quantity Value 


/ uuu susu ³ ³ A r 32 $43 52 $71 
a ß . 144 204 167 228 
( conl ⁵ↄðͤ/ſdd/ͥũqͥũ ët a 38 20 
Brüzi.. . . ee m ws uE: 55 78 18 24 
IEN AAA mv. ³ð w 8 483 1,036 65 144 
1!öÄê⁵Ü— ³ ũ᷑ 8 51 71 112 172 
, ß . . “access. ¿ies 33 51 
HU ³oA wm ⁰•mmm ër, Jua 99 154 
Judi chum ĩ%ꝛ ä e Le pen DE iS 51 67 504 902 
JEDER... m0 y y 8 44 66 336 426 
n dd ee as Guero 46 62 119 176 
Mozambique. ee GEES d (isa  --- 12 16 
AAA 110 130: Gisse- nulos 
South Africa, Republic of... 57 76 63 87 

A ete A 8 22 33 
r a eas d ⁰ʒ M TM EE 239 882 364 561 
(AAA sez p So 36 49 4 
ét TIR TEE 100 lbl- . ut — Lem 
Ot x oni hes noB ⁰mt k A 7 11 11 16 

TOUS A mieu idea ³ A 1,455 2,881 2,014 3,088 

Metal and alloys in crude form and scrap 

ff ⁵*ͤi⁰ʃ ͥͥ rr... 9 12 
FI ͥ0Ä i k k ⁰ʒ EE E 3 12 3 11 
Germany, West _--.-.-----------------00eeMMMM 11 42 25 96 

ae . e E A AA 68 84 
IZ ͥ ³Üd)ddddddddddddddddõd.l/ÿ.ÿ..k.̃ o edades 11 17 
7 ⅛˙Ü0»WW».m.... ⁰0—·- -;; y 1 1 50 80 
MéXIGO hf Kd ⁰⁰¼¼¼m a ; Su d 3 11 (2) 

Netherlands IAS ¿Qusa SuaSia 818 374 
United KingdoM.- oo l... ..............- 2 2 186 119 
3 A A A 1 2 1 6 
Total- succ e da 21 70 671 802 
Wire 
Sat! a is 1 38 
Brazil A A A A A 8 10 127 8 116 
Canada. EE 15 343 20 194 
y A ⁵ ⅛ðꝝ-vd ͥ⁰⁰ km y CHE (2) 44 14 91 
Germany, , ĩðV-r.. ß 1 7 9 56 
C7Cö%õĩ2⁸—.é0ʃ§ .:.. . ĩͤ . ͤ AE AR 4 43 44 
JI; A a Sua ansa tue 9 74 32 244 
e a . heh i er ee f 8 72 4 115 
Nene“, eee 11 202 5 120 
United Kingdom... soccrdesrucsana ecrstare 1 44 1 111 
n io 8 6 121 5 128 
q A uy DOO CI ͤ 61 1,083 107 1,252 
Powder: 

%)Ü˙Ü%1 ts ML ee eee r 11 r 28 41 36 
Germany, Wes tes 2 7 6 20 
)) er ⁰⁰ym 88 6 44 83 128 
7öÜͤ ͥ ͥÄéiͥüd ²ͤ-— 0... 0 SD me S ZS DZ as (2) 1 7 11 
South Africa, Republic of_............-.--------------- ooo... AA 10 14 
EE 8 r 20 73 18 71 
United Kingdom (2) 8 11 43 
rr; is EA LAT. calida 146 173 
3 AAA as eeu s amas 5 12 7 32 

q AA A IS A r 44 r 168 329 528 

Semifabricated forms, n.e.c: 

IN 11 14 (2) (2) 
RE TEEN 26 92 3 27 
y ARA ; y 3 29 18 138 
Germany, Wee 3 21 1 19 

JJ) ³ ˙w¹ AAA ua ͤ KV ͤ y A 3 23 4 24 
AAA A A 1 17 7 16 
dE e l eee tee Se EE See ete 128 235 74 215 
Mexico: 402 n aere eee 7 43 1 
Netherlands `... 33 108 16 99 
South Africa, Republic of 7 39 (3) 2 
United Kingdom. . n | 2 28 5 56 
RI 10 33 4 39 

Total e ld at I O a Lame D 229 682 133 643 

r Revised. 


1 Ferromolybdenum contains about 60 to 65 percent molybdenum. 
2 Less than Le unit. 
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Table 8.—U.S. import duties 


Item Articles Rate of duty, Jan. 1, 1971! 
601.33 Molybdenum ore. ........................ 14 cents per pound on molybdenum content. 
608.40 Material in chief value molybdenum........ 12 cents per pound on molybednum content plus 
| 8.5 percent ad valorem. 
607.40 Ferromolybdenum.........................- Do. 
Molybdenum: | 
628.70 Waste and scrap. dz 12.5 percent ad valorem. 
628.72 Unwrought. ........................- 12 cents per pound on molybdenum content plus 
8.5 percent ad valorem. 
628.74 Won 15 percent ad valorem. 
Molybdenum chemicals: 
417.28 Ammonium molvbdate ..-------------- 12 cents per pound on molybdenum content plus 
3.5 porcen ad valorem. 
418.26 Calcium molybdate....................- O. 
419.60 Molybdenum compounds Do. 
420.22 Potassium molybdate. .................- Do. 
421.10 Sodium molybdate.....................- Do. 
423.88 Mixtures of inorganic compounds, chief 
value molybdenum. mum Do. 
473.18 Molybdenum orange 6 percent ad valorem. 


1 Not applicable to Communist countries. 


der came from five other countries. Three 
countries exported a mixture of inorganic 
compounds to the United States in 1970. 
The molybdenum content of the material 
totaled 17,035 pounds, or 60 percent over 
that reported for 1969. Molybdenum or- 


ange came from four countries in 1970 and 
totaled 190,965 pounds, gross weight, val- 
ued at $76,968. Japan supplied 57 percent 
of the total value; the remainder came 
from Canada, Belgium-Luxembourg, and 
West Germany. 


WORLD REVIEW 


Australia.—Aquila Investment Corp. ac- 
quired a 50-percent equity from Transouth 
Mining Partners, Ltd., in a molybdenum 
deposit situated near Moliagul, Victoria. 
Exploratory work was continued on the 
property. At the completion of a drilling 
program, an engineering evaluation will be 
made to determine its economic potential. 

Bulgaria.—Medet, a copper-molybdenum 
mine and mill complex, continued a major 
expansion program which will increase 
throughput capacity from about 6 million 
to 8 million metric tons of ore annually. 
At completion of the project, the mine is 


expected to produce 133,000 tons of copper 
concentrate, 39,000 tons of pyrite concen- 
trate, and about 450,000 pounds of molyb- 
denum annually. 


Canada.—Production of molybdenum in 
1970 was the highest on record. The re- 
ported output of 35.4 million pounds of 
molybdenum was over 19 percent higher 
than in 1969, Canada ranked second to the 
United States among world producers of 
molybdenum and supplied approximately 
21 percent of the estimated 1970 free 
world production, the same as in 1969. 


Table 9.—Molybdenum: Free World production of ore and concentrates, by countries 
(Thousand pounds of contained molybdenum) 


Country ! 


Canada (shipment) 
Chile o suse ti ĩðé- ĩ ³ ⁵ A 8 


Korea, Republic of (South) 
E A .f d 88 


II õõĩ ³]ðVi ..... y y 8 
Philip pan ek 


Unite 


1968 1969 1970 p 
3 r 22,463 29 , 652 35,353 
F 8,521 10, 675 13.448 
———— eS r 63 593 974 
535353 423 287 254 
bte giudici 176 445 311 
C 487 635 558 
F r 1,785 494 1.167 
MN e r 139 51 71 
p 93,447 99,807 111,352 
CC r 128,071 142, 639 163, 648 


p Preliminary. r Revised. 


1 In addition to the countries listed, Argentina, Australia, North Korea, Nigeria, Romania, South-West 
Africa, and Spain also produce molybdenum, but available information is inadequate to make reliable estimates 


of production levels. 
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In the short range, a substantial increase 
in molybdenum output was expected be- 
cause of intensive exploration and develop- 
ment activity in the Western Provinces of 
Canada. Early in the year, Brenda Mines, 
Ltd., under management of Noranda Mines 
Ltd., started production at a mine situated 
24 miles west of Kelowna, British Colum- 
bia. The open pit mine and mill facility, a 
$63 million investment, is designed to 
process 24,000 tons of copper-molybdenum 
ore per day. The ore deposit is estimated 
at 165 million tons averaging 0.182 percent 
copper and 0.049 percent molybdenite. 


Lornex Mining Corp. Ltd., managed by 
Algom Mines Ltd., announced that con- 
struction of an open pit mine and mill 
complex was substantially on schedule, but 
expenditures are projected to reach about 
$133 million, or 6 to 8 percent over those 
previously estimated for the project. The 
large copper-molybdenum deposit, contain- 
ing 0.427 percent copper and 0.014 percent 
molybdenite, is located 33 miles south of 
Ashcroft in the Highland Valley of British 
Columbia. At yearend, 47 million tons of 
overburden was removed from the ore- 
body; excavation for the crusher, concen- 
trator, and service building was completed; 
and good progress was being made in 
building a company town, Logan Lake. 
The throughput of the mine and mill fa- 
cility is estimated at 1.4 million tons of 
ore annually from which 162,000 tons of 
copper concentrate and 2.5 million pounds 
of molybdenum will be produced. Initial 
production was scheduled for the second 
quarter of 1972. The Provincial govern- 
ment has approved a 12-year sales contract 
consigning the entire output to Japan's in- 
dustrial complexes. 

Design and construction work continued 
on a copper-molybdenum mine and mill 
near Port Hardy in the northern part of 
Vancouver Island by Utah Construction & 
Mining Co. Completion of the $73.5 mil- 
lion project was scheduled for yearend 
1971. Ore reserves are reported at 280 mil- 
lion tons, averaging 0.52 percent copper 
and 0.029 percent molybdenite. Annual 
production is expected to be about 230,000 
tons of copper concentrate and 1.9 million 
pounds of molybdenum. Most of the mine 
output of copper concentrate has been 
consigned to Mitsui Mining & Smelting Co. 
Ltd. and Mitsubishi Shoji Kaisha Ltd. of 
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Japan as part of a financing arrangement 
in developing the property. 

Placer Development Ltd. was proceeding 
with design and construction of an open 
pit mine and concentrator located in cen- 
tral British Columbia, approximately 380 
miles northeast of Vancouver near the 
community of William Lake. The project 
is a $74 million investment. The copper- 
molybdenum deposit has an_ estimated 
minable ore reserve of. nearly 200 million 
tons, with an average grade of 0.39 percent 
copper and 0.016 percent molybdenite. Ap- 
proximately 1 million tons of ore will be 
mined annually. A sales agreement, ap- 
proved by the Government of British Co- 
lumbia, has been made with the Nippon 
Mining Co. Ltd. of Japan consigning all of 
the copper concentrate production to year- 
end 1976. 

At midyear, King Resources Co. an- 
nounced the startup of its Mt. Copeland 
mine, situated 18 miles north of Revel- 
stoke, British Columbia. The mine and 
mill facility was designed to process 200 
tons of molybdenum ore per day. The 
company planned to produce and market 
lubricant-grade molybdenum disulfide. 

Kerr Addison Mines, Ltd., completed a 
$2.5 million feasibility study on the Ruby 
Creek molybdenum deposit owned by 
Adanac Mining and Exploration Ltd. The 
work included drilling 16,000 feet of explo- 
ratory holes, and driving 2,733 feet of de- 
velopment drifts and crosscuts and 921 feet 
of development raises. A 100-ton pilot mill 
was built to conduct metallurgical testing. 
Underground bulk sampling and surface 
drilling indicated a molybdenum ore re- 
serve tonnage in excess of 70 million tons 
grading 0.141 percent molybdenite. The 
deposit is located near Surprise Lake, 
about 25 miles northeast of Atlin, British 
Columbia. 

Among other copper-molybdenum and 
molybdenum deposits in various stages of 
exploration and development in the west- 
ern Provinces of Canada are Brameda Re- 
sources Ltd., located 190 miles northwest 
of White Horse; Sileurian Chieftain Mining 
Company Ltd., located in the Alice Arm 
area; Bethlehem Copper Corp. Ltd. lo- 
cated in the Cache Creek area; and High- 
mont Mining Corp., Ltd. located in the 
Highland Valley area. 


Chile.—Output of molybdenum, a by- 
product of copper, was reported as neaily 


MOLYBDENUM 


13.5 million pounds, the highest on record. 
Chile ranked third among free world pro- 
ducers of molybdenum. Production came 
from three producing mines, namely El 
Teniente, Chuquicamata, and El Salvador. 


Atlas Exploration of Canada, Ltd., an- 
nounced discovery of a copper-molybde- 
num deposit in the Sierre Gorda area of 
northern Chile. The orebody was estimated 
to contain 50 million tons of ore, averag- 
ing 1 percent copper and 0.182 percent 
molybdenite. 


India.—Molybdenum deposits have been 
discovered in the Mudurai district of 
Tamil Nadu, according to the Director of 
the Geological Survey of India. Explora- 
tory drilling was conducted on the deposit, 
and about 20 holes were completed during 
the year. 

Japan.— Japan's consumption of molyb- 
denum during the past decade has re- 
corded an average annual growth rate of 
nearly 15 percent, increasing from 4.1 mil- 
lion to 16.4 million pounds. The growth 
rate is expected to continue through the 
1970's. In a joint venture with 10 Japanese 
companies, American Metal Climax, Inc. 
(AMAX) announced construction of a 15- 
million-pound-per-year molybdenum con- 
version plant in Japan. AMAX will have a 
34-percent equity in the new Japanese cor- 
poration, Nihon Moribuden K.K. (Nihon). 
The plant was scheduled for completion in 
middle to late 1971. Tariff schedules 
permit duty-free importation of molybde- 
num concentrate, while duty is charged for 
oxides and ferromolybdenum. 


Mexico.—Compañiá Minera de Nacozari 
S.A., jointly owned by The Anaconda Co. 
and Mexican interests, continued diamond 
drilling and underground development of a 
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copper-molybdenum deposit in the Naco- 
zari district of Sonora. The tonnage of com- 
mercial-grade ore was substantially in- 
creased. during the year and mining by 
open pit methods was contemplated by 
Government officials. 

Panama.—The Government of Panama 
awarded a mining concession for develop- 
ment of tbe Petaquilla copper-molybde- 
num deposit to a consortium comprised of 
Duval Corp., United States, Mitsui Mining & 
Smelting Co. Ltd. Japan, and Metallge- 
sellschaft AG, West Germany. The ore 
body was found last year by a United Na- 
tions survey team, and the discovery cre- 
ated considerable interest among interna- 
tional mining concerns. Because of its 
remote location and the unusual climactic 
condition prevailing in the region, devel- 
opment of the mineral deposit will require 
considerable expenditures and a lead time 
ranging from 5 to 10 years. 

Peru.—Output of molybdenum was over 
1 million pounds, significantly higher than 
reported in 1969. Most of the increased pro- 
duction came from the Toquepala mine of 
Southern Peru Copper Corp. (SPCC). The 
increase in output was due to SPCC utiliz- 
ing a recovery process more suitable to the 
mineralogical characteristics of the ore and 
less downtime due to labor problems. De- 
velopment of the Cuajone mine by SPCC 
continued during the year, a new access 
road was completed to the property, work 
began on driving a railroad tunnel, and 
stripping of overburden from the ore de- 
posit was started. The project ultimately 
will cost approximately $400 million to 
bring into production. The company was 
negotiating with international financing in- 
stitutions to arrange funding for the proj- 
ect. 


TECHNOLOGY 


Molybdenite roasting and rhenium vola- 
tilization in a multiple-hearth furnace 
were investigated.3 Results of the study in- 
dicated that rhenium volatilization was 
more rapid as the MoS, oxidation ap- 
proached completion. Molybdenite roasting 
rate depends on oxygen diffusion when the 
sulfur content is high, but toward the end, 
a surface reaction phenomenon controls 
the process. Some engineering criteria have 
been developed for the optimum operating 
conditions on industrial roasting plants. 


The experimental methods and calcula- 
tions also can be applied to roasting of 
other sulfide minerals. 

Beneficiation studies were conducted on 
molybdenite-chalcopyrite ore, and results 
of the investigation were published.4 


3 Coudurier, Lucien, Igor Wilkomirsky, and 
George Moizot. Molybdenite Roasting and Rhen- 
ium Volatilization in a Multiple-Hearth Furnace. 
Inst. Min. Met. Trans. sec. 6, v. 79, March 1970, 


pp. 34-40. 

4 Rustagi, M. C., P. Dayal, and A. K. Biswas. 
On Molybdenite- Chalcopyrite Separation. J. 
Mines, Metals, and Fuels, v. 18, February 1970, 


pp. 50-51 , 
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While rough xanthate flotation yielded 
concentrate with high recovery of copper 
and molybdenum, attempts toward subse- 
quent separation of molybdenite from chal- 
copyrite met with limited success. Best re- 
sults were obtained by removal of the 
collector film by steaming in presence of 
oxidants or depressors, followed by flota- 
tion. Some hydrometallurgical beneficiation 
step was required. 


A definitive publication on economics of 
molybdenum and rhenium recovery from 
porphyry copper was released.5 The author 
evaluated the current and future produc- 
tion potential of byproduct sources of 
these minerals. Most of the world’s active 
mining and milling facilities were visited, 
and their operation was described. Atten- 
tion was directed to the high value of 
rhenium content in molybdenum concen- 
trate and to the economic and technical 
value of its recovery. 


The Bureau of Mines released a compre- 
hensive publication on the supply and de- 
mand of molybdenum.$ The author ana- 
lyzed the supply of molybdenum in 
relation to mining, milling practices, and 
ore reserves at mines producing molybde- 
num as a primary product and those pro- 
ducing it as a byproduct and/or coproduct 
of copper, tungsten, and uranium. Also ex- 
amined were the effects on molybdenum 
supply of such factors as Government 
stockpiling, world trade, prices, and the 
use of substitute materials. 


The oxidizing characteristics of potas- 
sium permanganate as compared to those of 
the conventional oxidants H:O, and 
NaCIO in the selective flotation of molyb- 
denite from flotation-plant bulk copper 
concentrate were investigated.? The effec- 
tiveness of these reagents in the depression 
of copper sulfide minerals was affected by 


reagent concentration, pH, temperature, 
and conditioning time. 
Bureau of Mines researchers demon- 


strated the economic recovery of oxides 
from superalloy grinding wastes which con- 
tain substantial quantities of nickel, cobalt, 
molybdenum, and chromium.8 The recov- 
ery process includes scrap preparation, dis- 
solution of metallics in chlorinated acid 
solutions, carbon adsorption, successive sol- 
vent extraction separation, and selective 
chemical precipitation. 
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A study was made of the dynamic strain 
aging processes in carbide strengthened 
molybdenum alloys, and the results were 
published.? Strengthening due to dynamic 
Strain aging was observed in the tempera- 
ture range from 1,500° to 2,400° F. The 
strengthening was believed to arise from 
the pinning of mobile dislocations by met- 
al-carbon pairs or clusters and/or carbide 
precipitates. This immobilization of the 
dislocations led to a high work-hardening 
rate and to the observed strengthening. 

A new operational technique for rapid 
identification of metal alloys was 
published. 10 The method utilizes a signa- 
ture- comparison technique involving a 
number of known standards. An inherent 
feature of the technique was that a set of 
two numbers is generated for each ele- 
ment, which is characteristic of a specific 
alloy. By using more than one characteris- 
tic element as a basis for identification, ad- 
ditional sets of numbers are generated, 
which taken together, become positively in- 
dicative of a specific alloy. 

Patents were granted for eliminating hy- 
drogen sulfide or other noxious gaseous ef- 
fluents formed during desulfurizing of 
molybdenum, 11 for chemical precipitation 
of molybdenum, vanadium, and / or ura- 
nium, 12 and on a process for separating 
molybdenite from copper sulfide concen- 
Date, 13 


5 Sutulov, Alexander. Molybdenum and Rhen- 
ium Recovery From Porphyry Copper. University 
of Concepción, Concepción, Chile, 1970, 259 pp. 

6 Bieniewski, Carl L. Demand and Supply of 
Molybdenum in The United States. BuMines Inf. 
Circ. 8446, 1970, 61 pp. 

7 Escalera, Saul J., and Roshan B. POSEEN. 
Selective Flotation of Molybdenite From Chalco- 
pyrite Concentrates By Potassium Permanganate. 
New Mexico Inst. of Min. and Technol. Circ. 
106, 1970, 15 pp. 

8 Brooks, P. T., G. M. Potter, and D. A. Mar- 
tin. Processing of Superalloy Scrap. J. Metals, v. 
22, November 1970, pp. 25-29. 

? Raffo, Peter L. Dynamic Strain Aging In Car- 
bide-Strengthened Molybdenum Alloy. Met. 
Trans., v. 1, April 1970, pp. 835-841. 

10 Sellers, Bach, and Joris Brinkerhoff. Signature 
Comparison Technique For Rapid Alloy Sorting 
With A Radioisotope Excited X-Ray Analyzer. 
Material Research and Standards, v. 10, Novem- 
ber: 1970, pp. 16-18. 

11 Griffith, W. A. (assigned to Phelps Dodge 
Corp.). Desulfurizing of Molybdenum. U.S. Pat. 
3,514,283, May 26, 1970. 

12 Fitzhugh, E. F., and D. C. Seidel (assigned 
to Republic Steel Corp.). Recovery of Molybde- 
num, Vanadium, and/or Uranium From Acidic 
Ore Leach Solution by Precipitation. U.S. Pat. 
3,510,273. May 5, 1970. 

13 Last, A. W., and G. L. Fraser (assigned to 
Kennecott Copper Corp.). Separating Molybdenite 
From Copper Sulfide Concentrates. U.S. Pat. 
3,539,002, Nov. 10, 1970. 


Natural Gas 


By William B. Harper * and Leonard L. Fanelli ? 


Consumption of natural gas aggregated 
about 22 trillion cubic feet in 1970, which 
was 5.4 percent higher than in 1969. Like- 
wise, production rose to a new high of 
21.9 trillion cubic feet, a 5.9-percent gain. 
Imports, primarily from Canada, helped to 
fill the supply gap. Unlike the reductions 
in 1968 and in 1969, proved reserves of 
natural gas increased in 1970. However, 
this increase came about entirely from a 
change in reporting by the Reserves Com- 
mittee of the American Gas Association 
(AGA). Estimates of proved reserves for 
the Prudhoe Bay area of Alaska, for exam- 
ple, were included for the first time in the 
1970 totals. This increase more than offset 
declines in other States. Prices for natural 
gas at the wellhead moved upward to 
17.10 cents per thousand cubic feet (Mcf) , 
and prices paid by consumers and other 
users were higher. 

In 1970, another one-half million resi- 
dential gas users were added to the 38 mil- 
lion already using gas. Also, there were 
31,000 commercial users added to the 3.2 
million accounts already consuming gas. 
About 2,600 miles of natural gas transmis- 


sion lines and another 17,700 miles of distri- 
bution lines were added to the 570,000 
miles in service. Capital expenditures for 
new plants and equipment amounted to 
$2.5 billion in 1970, and again most of the 
expansion was related to the transportation 
and distribution of gas. During 1970, there 
was considerable activity in expansion of 
liquefaction plants and liquefied natural 
gas (LNG) storage facilities, and even 
greater expansions were anticipated for 
1971 and subsequent years. 

Data on natural gas production, 
consumption, and value are collected by 
annual surveys of oil and gas producers, 
natural gas processing operators, gas pipe- 
line companies, and gas utility companies, 
with separate reports obtained for each 
State in which they operate. 

These reports reflect approximately 80 
percent of gross natural gas production. 
The large number of respondents and the 
difficulty of canvassing each small producer 
have made direct acquisition of total pro- 
duction impractical. Most of the output of 


1 Mineral specialist, Division of Fossil Fuels. 
? Survey statistician, Division of Fossil Fuels. 


Table 1.—Salient statistics of natural gas in the United States 
(Million cubic feet unless otherwise specified) 


1966 1967 1968 1969 1970 
Supply: 
Marketed production 17,206,628 18,171,325 19,322,400 20,698,240 21,920,642 
Withdrawn from storage 1,141,614 1,132,534 1,329,536 1,379,488 1,458,607 
Imports. eet SCENE d - 479,780 564,226 651,885 726,951 820,780 
o WEE 18,828,022 19,868,085 21,303,821 22,804,679 24,200,029 
Disposition: W 
Consumption 17,191,711 18,172,894 19,459,939 20,922,800 22,045,799 
ee 24,639 81,614 93,745 51,304 69,813 
StOred 8 1,210,469 1,317,363 1,425,075 1,498,988 1,856,767 
Lost in transmission, etc... 401,203 296,214 325,062 331,587 227,650 
Total: uranio its 18,828,022 19,868,085 21,303,821 22,804,679 24,200,029 
Value at wellhead: iu o 
Total ee gieren e thousand dollars.. 2,702,759 2,898,741 3,168,688 3,455,615 3,745,680 
Average cents per Mei ` 15.7 16. 0 16.4 16.7 17.1 


1 Marketed production of natural gas represents gross withdrawals less gas used for repressuring and quan- 


tities vented and flared. 
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nonreporting producers has been shown in 
purchase listings of reporting companies. 
Marketed production for each State equals 
consumption in the State, plus losses in 
transmission, gas placed in storage, and 
withdrawals from storage and receipts from 
other States. 

Gas volumes in this chapter are reported 
or converted to a pressure base of 14.73 
pounds per square inch absolute at 60°F. 

Legislation and Government Programs. 
—On December 24, 1970, the Federal 
Power Commission, (FPC), granted a mo- 
tion by 30 producers to reopen the origi- 
nal South Louisiana (61-2 et al) and to 
consolidate it with the then pending Area 
Rate Proceeding (AR69-1) in order to re- 
consider rate levels and refunds established 
by Opinions 546 and 546-A in light of ad- 
ditional evidence on the current shortage 
of gas and other relevant factors. The FPC 
continued a stay of rate reductions, re- 
funds, and other obligations as required by 
Opinion 546.3 Also, the Commission incor- 
porated into the consolidated proceeding 
the United Distribution Companies 
(UDC) Settlement Proposal, which has 
been filed earlier in AR69-1. 

Initial briefs including the UDC Settle- 
ment Proposal were filed by the following 
groups: 

(1) Major Producer Group (35 compa- 
nies). 

(2) Mobil Oil Corp. 

(8) Amoco Production Co. 

(4) United Distribution 
(UDC Settlement Proposal) . 

(5) Associated Gas Distributors. 

(6) Pipeline Purchaser Group. 

(7) Federal Power Commission (FPC) 
Staff. 

(8 New York Public Service Commis- 
sion. 

(9) Municipal Distributor Group. 

Five of the nine groups numbered (1, 4, 
5, 6, and 7) endorsed adoption of the 
UDC Settlement Proposal, which provided 
for the following: 

(1) Ceiling rates of 22.375 cents per Mcf 
onshore (including the disputed zone) and 
21.875 cents offshore for future deliveries 
under contracts dated prior to October 1, 
1968, and 26.0 cents both onshore and 
offshore for future deliveries under con- 
tracts dated on or after October 1, 1968, 
on acreage committed to contracts prior to 
October 1, 1968, with no differentiation be- 


Companies 


MINERALS YEARBOOK, 1970 


tween nonassociated and other types of gas 
for pricing purposes: 

(2) Fixed escalations of 0.5 cents on Oc- 
tober 1, 1973 in the case of contracts prior 
to October 1, 1968 and 1.0 cents on Octo- 
ber 1, 1974, in the case of contracts after 
October 1, 1968; 

(3) Contingent successive escalations of 
0.5 cents, in the case of contracts prior to 
October 1, 1968 only, upon the commit- 
ment of 7.5 trillion cubic feet, 11.25 tril- 
lion cubic feet and 15.0 trillion cubic feet, 
respectively, of new gas reserves in the 
south Louisiana area to jurisdictional sales 
prior to October 1, 1977; 

(4) Refund of revenues collected in ex- 
cess of 20.625 cents onshore and 19.625 
cents offshore for deliveries prior to Janu- 
ary 1, 1965, revenues collected in excess of 
21.25 cents onshore and 20.25 cents offshore 
for deliveries from January 1, 1965 to Oc- 
tober 1, 1968, and 30.5 percent of revenues 
collected in excess of Opinion 546 and 
546-A rates for deliveries during the pe- 
riod October 1, 1968 to January 1, 1971. 
(The 30.5 percent refund factor is subject 
to increase, up to 33 percent, to the extent 
that total refund obligations calculated for 
the three periods to January 1, 1971, fail 
to come to within 1 percent of $150 mil- 
lion.) After January 1, 1971, all amounts 
collected in excess of the proposed settle- 
ment rates would be subject to refund. 

The FPC issued Opinion 598 accepting, 
virtually without change, the UDC Settle- 
ment Proposal. 

In addition, the FPC has established 
higher ceiling rates in the Rocky Moun- 
tain area, ranging from 22.5 cents to 24 
cents for sales under contracts dated after 
June 17, 1970. Hearings on the Area Rate 
Proceeding, Permian Basin Area (AR70-1) , 
were to carry over into 1971. 

Pipeline Safety—The Natural Gas Pipe- 
line Safety Act of 1968 (Public Law 
90-481) provides, among other things, that 
the Secretary of Transportation establish 
minimum Federal safety standards applica- 
ble to pipeline facilities used in the trans- 
portation of natural gas. 

The annual report for the calendar year 
1970, issued by the Department of Trans- 


3 The FPC's Opinions 546 Established Price 
Ceilings for Sales of State of Louisiana Gas, Both 
Onshore and Offshore; also Federal Domain Off- 
shore. These Ceilings Applied to Contracts Dated 
Prior to Jan. 1, 1961; Dated Between Jan. 1, 1961 
and Sept. 30, 1968; Dated Oct. 1, 1968 and later. 


NATURAL GAS 


portation (DOT), cites the need for a 
single agency in each State with safety ju- 
risdiction over all intrastate natural gas fa- 
cilities and elimination of overlapping ju- 
risdiction between natural gas and 
liquefied petroleum gas systems in a num- 
ber of States. An appendix to the report 


shows that 48 States and the District of 


Columbia have submitted certifications 
under séction 5a of the act and that five 
States entered imto section 5b agreements 
with respect to intrastate facilities over 
which they lacked safety jurisdiction under 
State law. Twenty-two States agreed to act 
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as DOT agents in connection with inter- 
state transmission systems. Leak data, 
which is required to be reported under the 
act, was summarized in the report as fol- 
lows: 


Distri- Trans- 
bution mission 
Number of leaks reported 676 343 
Cause: 
Corrosion 102 51 
Outside fore 462 181 
Material defect or failure 53 88 
ther us oo seu 59 23 
Fatalities ` ns 21 1 
EIER co da ads 202 16 
Property damage—million dollars_ 0.2 2.8 


DOMESTIC PRODUCTION 


The marketed production of natural gas 
in 1970 rose to 21,920,642 million cubic 
feet (Mmcf) or 5.9 percent above the 1969 
level as shown in table 1. Texas leads all 
States in production with 38.1 percent of 
the Nation’s total (table 3). Between the 
end of 1969 and 1970 the volume produced 
in Texas increased about 504 billion cubic 
feet. During 1970 Louisiana had 35.5 per- 
cent of the total volume of marketed natu- 
ral gas, a production increase of 560 bil- 
lion cubic feet. During 1970, production of 
natural gas in Alaska more than doubled 
to 111,576 Mmcf. Most of the new produc- 
tion (39.7 percent) was exported to Japan 
in the form of LNG. 

In addition to gains to Louisiana, Texas, 
and Alaska, marketed production of natu- 
ral gas in 1970 increased in Arkansas, 


Oklahoma, Illinois, Kansas, Ohio, Michi- 
gan, North Dakota, West Virginia, and 
Wyoming. Volumes declined in Arizona 
and California in 1970. In the Rocky 
Mountain area, output in Utah and Colo- 
rado was down. Likewise, marketed pro- 
duction declined in Nebraska and Indiana. 
The reason for lower production was evi- 
dent in the decline in well drilling. In 
1970 there were 28,120 wells drilled (ex- 
cluding stratigraphic core tests and service 
wells). This was 4,067, or 12.6 percent 
fewer wells drilled than in 1969. Patterns 
of decline in natural gas production in 
many States related closely to declines in 
the number of oil and gas well comple- 
tions in 1970. This pattern did not apply, 
however, to offshore Louisiana, and to 
Texas and Oklahoma. 
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CONSUMPTION AND USES 


Consumer uses of natural gas, which in- 
cludes residential, commercial, industrial, 
electric utilities, and deliveries to munici- 
palities and public authorities (table 4) 
accounted for 86.3 percent of the natural 
gas consumed. The use of natural gas as 
fuel in the oil and gasfields consumed 
about 6.3 percent and pipelines used an- 
other 3.3 percent for fuel. In addition, the 
extraction of ethane and liquefied petro- 
leum gases such as butane and propane ac- 
counted for another 4.1 percent of natural 
gas consumption. 

Natural gas consumption during 1970 
rose to 22 trillion cubic feet, an increase of 
1.1 trillion cubic feet, or 5.4 percent over 
the 1969 usage. Since 1967, consumption 
has exceeded production, but imports, 
largely from Canada, have helped to close 
the gap. 

Two of the largest consumers of natural 
gas for all uses, including industrial and 
electrical utilities, are Texas and Louisi- 
ana. These States are also leaders in natu- 
ral gas production. "Texas produced 8,358 
billion cubic feet of natural gas in 1970 
and consumed 4,559 billion cubic feet, or 
a volume equal to 54.6 percent of produc- 
tion. In Louisiana, consumption of natural 
gas in 1970 was equal to 26 percent of 
production. Oklahoma consumed 656 bil- 
lion cubic feet and produced 1,595 billion 
cubic feet. In New Mexico, the fourth 
largest gas-producing State, consumption 
was equal to 28 percent of the 1,139 bil- 
lion cubic feet produced. 

Industrial consumption of natural gas 
for fuel and for carbon black production is 
by far the largest outlet for natural gas. In 
1970 industrial use of nearly 7.9 trillion 
cubic feet exceeded the combined residen- 
tial and commercial use of natural gas by 
nearly 1 trillion cubic feet. Residential and 
commercial use combined has also in- 
creased from 4.1 to 6.9 trillion cubic feet, 
or 68 percent. 

The growth trend in the use of natural 
gas by electrical utilities, the third largest 
consumer, has been even more spectacular. 
Between 1960 and 1970, use more than 
doubled, from 1.7 trillion cubic feet to al- 
most 3.9 trillion cubic feet. 

About 27 percent of all the natural gas 
used by utilities is concentrated in Texas. 


California is the second largest user with 
16.3 percent of the total volume. Electric 
utilities in six States including Louisiana, 
Oklahoma, Florida, and Kansas, consume 
67 percent of all the natural gas used in 
the electric utility segment (table 4). 
Proximity to markets provides natural gas 
a competitive cost advantage in the South- 
west. Coal has never been readily available 
in California or in Florida, and Kansas has 
extensive gasfields. In 1970 consumption 
by utilities increased 408 billion cubic feet, 
or 12 percent compared with that of 1969. 

Also in the industrial consumption cate- 
gory as shown in figure 2, are the natural 
gas extraction losses. Natural gas processing 
plants processed 18.5 trillion cubic feet, or 
84.4 percent of gross production of natural 
gas in 1970. From this gas, 606 million 
barrels of natural gas liquids and ethane 
were recovered. To obtain these liquids 
906.4 Mmcf of natural gas were consumed 
in the extractive process, a volume 4.6 per- 
cent greater than in 1969. About 13.4 tril- 
lion cubic feet of this processed natural 
gas was shipped to transmission pipelines 
and an additional 2.1 trillion cubic feet 
was delivered directly to consumers. Com- 
parisons with 1969 figures in terms of nat- 
ural gas processed, extraction losses, and 
shipments to transmission companies, are 
shown in table 7. 

Residential consumption constitutes the 
second largest category in the uses of natu- 
ral gas. Between 1961 and 1970, the num- 
ber of residential gas customers has risen 
from 32,052,000 to 38,604,000, or 20 per- 
cent, Át the same time, however, natural 
gas consumption climbed from 3.2 to 4.8 
trillion cubic feet, or 50 percent. In 1970 
gas customers increased by 508,000, or 1.3 
percent. The rise in gas use over the dec- 
ade reflects in part new family formation 
and new home construction, but even 
more significant is the increased use of 
natural gas for heating purposes. At the 
end of 1961, according to AGA, there were 
22,159,000 househeating customers. By year- 
end 1970 that number had expanded to 
31,659,000, or 41 percent. However, the in- 
crease in 1970 was only 3 percent. 

Growth in househeating customers is 
shown by Census regions for the 1961-70 
period, as follows: 
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Thousand customers 


Region 
1961 

New England. .-. 449 
Middle Atlantic 2,678 
East North Central..............- 4,932 
West North Central.............- 2,161 
South Atlantic 1,698 
East South Central...............- 1,283 
West South Central 8,584 
Moun tan 1,189 
Pacific. -aa scr 4,490 

U.S. total.; 22,459 
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Percent change 
Dec. 31, 1961 Dec. 31, 1969 


1969 1970 to to 
Dec. 31, 1969 Dec. 31, 1970 

714 742 65.3 3.9 
8,719 8,819 42.6 2.7 
7,878 7,594 54.0 2.9 
, 889 2,956 86.8 2.3 
2,581 2,699 59.4 4.6 
1,697 1,777 88.5 4.7 
4,271 4,337 21.0 1.5 
1,623 1,686 41.8 8.9 
5,855 6,049 34.7 3.8 
30,727 81,659 41.0 8.0 


Supplying natural gas to all types of 
consumers has made it necessary to expand 
pipeline networks appreciably. At the end 
of 1970, there were 907,000 miles of natu- 
ral gas pipelines made up of field and 


Field and gathering 
Transmission... A 
Distribution 


Although mileage provides some indica- 
tions of growth, it should be recognized 
that much of the new mileage laid in re- 
cent years has been in larger diameter line 
pipe, which offers greater transporting ca- 
pacity. 

During 1970 the gas industry expended 


gathering, transmission lines, and distribu- 
tion lines. The following table shows the 
trend over the decade in pipeline expan- 
sion, in miles: 


1960 1965 1969 1970 
55,850 61,760 64,914 66,555 
181,770 210,660 247,559 252,606 
370,360 484, 260 569, 999 587,758 
607,980 756 , 680 882,472 906,914 


an estimated $2.5 billion for new plants 
and equipment. About $1 billion, or 40 
percent, involved transmission facilities 
such as pipelines, compressor stations, etc., 
and another 900 million, or 36 percent, in- 
volved distribution-related facilities, such 
as miles of main. 


RESERVES 


The Committee of Natural Gas Reserves 
of the AGA estimated that the total 
proved recoverable reserves of natural gas 
in the United States as of December 31, 
1970 was 290.7 trillion cubic feet, an in- 
crease of 15.6 trillion cubic feet from 1969. 
This estimate of proved natural gas re- 
serves included an estimate for the Per- 
mo-Triassic Reservoir in the Prudhoe Bay, 
Alaska area, which was discovered in 1968, 
but not previously included in AGA’s 
estimate of proved reserves. Conversely, the 
AGA committee has made downward revi- 
sions in its estimates of reserves in five of 
the 12 Railroad Commission of Texas dis- 
tricts. Only 12 out of the 25 States listed 
in table 8 realized some improvement in 
natural gas reserves. As a result of includ- 
ing Prudhoe Bay, Alaska’s reserves in- 
creased by nearly 26 trillion cubic feet. 


Other significant gains were made in Colo- 
rado, Kentucky, Michigan, Ohio, and 
Pennsylvania. Texas reserves decreased 6 
trillion cubic feet to 106 trillion cubic feet. 
Other sizable declines occurred in Califor- 
nia, Kansas, north Louisiana, New Mexico, 
and Oklahoma. 

“Dedicated” reserves, as defined in Form 
15 of the FPC, are the volume of remain- 
ing recoverable salable gas reserves com- 
mitted to, controlled by, or possessed by 
the pipeline company. They are used for 
acts and services for which both the seller 
and the company have received certificate 
authorization from the FPC. Reserves in- 
clude both company-owned reserves and 
reserves under contract from independent 
producers. Based on preliminary figures, 66 
companies own or control “dedicated” re- 
serves of 173.5 trillion cubic feet. 
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Intrastate gas contracts are exempt from 
the jurisdiction of the FPC, and prices in 
contracts for new intrastate gas are higher 
than those allowed for interstate natural 
gas under FPC jurisdiction. Also, intra- 
state gas has the added attraction of shorter 
reserve life requirements than interstate 
gas; hence, the shift to intrastate sales. 
This is the principal reason why “dedi- 
cated” natural gas reserves have been de- 
clining. The shift to intrastate market can 
be seen in the following 5-year comparison 
(all figures except those for “number of 
companies” are in trillion cubic feet at 
14.73 pounds per square inch absolute at 
60°F) . 

Twenty-four of the companies reported 
more than 900 billion cubic feet of natural 
gas reserves in 1969, These companies con- 
trol 97.8 percent of the reported gas re- 
serves and 97.2 percent of the gas produc- 
tion and purchases reported on FPC Form 
15 for 1969. Revisions and additions to the 
gas reserves of the 24 major companies 
during 1969 declined from 9.3 to 6.3 tril- 
lion cubic feet. Annual volumes produced 
and purchased increased from 12.4 to 13.3 
trillion cubic feet. A complete list of 65 
‘companies is available in the FPC staff re- 
port, “The Gas Supplies of Interstate Nat- 


Number of companies 


Gas reserves at yearend: 
Company-owned.______-.-_---------------- 
Independent producer contracts 


Annual production and purchases: 
Company-owned.._______-__-__------------- 
Independent producer contracts.............. 


p Preliminary. 
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ural Gas Pipeline Companies, 1969,” which 
was released in March 1971. The following 
is a list of 24 companies that have over 
900 billion cubic feet of domestic natural 
gas reserves: 

Arkansas Louisiana Gas Co. 

Cities Service Gas Co. 

Colorado Interstate Gas Co. 

Consolidated Gas Supply Corp. 

El Paso Natural Gas Co. 

Florida Gas Transmission Co. 

Kansas-Nebraska Natural Gas Co., Inc. 

Michigan Wisconsin Pipe Line Co. 

Montana-Dakota Utilities Co. 

Mountain Fuel Supply Co. 

Natural Gas Pipeline Co. of America 

Northern Natural Gas Co. 

Panhandle Eastern Pipe Line Co. 

South Texas Natural Gas Gathering Co. 

Southern Natural Gas Co. 

Tennessee Gas Pipeline Co. 

Inc.) 

Texas Eastern Transmission Corp. 

Texas Gas Transmission Corp. 

Transco Gas Pipe Line Corp. 

Transwestern Pipeline Co. 

Trunkline Gas Co. 

United Fuel Gas Co. 

United Gas Pipe Line Co. 

West Texas Gathering Co. 


(Tenneco, 


1966 1967 1968 1969 1970 » 

67 68 64 65 66 
22.2 22.2 21.7 18.6 17.1 
176.2 179.9 177.0 172.9 156.4 
198.4 202.1 198.7 191.5 173.5 
1.0 1.0 1.1 1.1 1.0 
10.3 11.0 11.7 12.7 13.1 
11 12.0 12.8 13 14.1 
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Figure 2.—Trends in annual gross additions to natural gas reserves. 


PRODUCTIVE CAPACITY 


The Natural Gas Reserves Committee of 
AGA has also prepared an estimate of 


f pro- 


10n O 


. The determinat 


under specified conditions on March 31 of 
any given year 


can be produced from natural reservoirs 


ty. As of December 
31, 1970, it estimates a productive capacity ductive capacity on March 31 of any given 


ted gas as 79,528 Mmcf per 


day and in associated dissolved gas as 


ive capaci 
19,738 Mmcf. Total capacity was 99,266 


daily product 
in nonassocia 


year is based on proved reserves of nonas- 


sociated gas reservoirs as of the preceeding 


December 31. 


The productive capacity of associated- 
dissolved gas is based on the productive 
capacity of crude oil and the estimated 


producing gas-oil ratios that would result 
from such capacity operation during the 


first 90 days of a given year. 


ty is slightly lower than the 


100,794 Mmcf per day as of December 31, 


1969. 


The productive capacity of natural gas 


is capaci 


Mmcf per day at yearend 1970 (table 9). 
from nonassociated reservoirs is defined as 
the maximum daily rate at which such gas 


Th 
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The productive capacity of associated gas 
from gas wells is usually based on the vol- 
umetric withdrawal of crude oil from re- 
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lated oil wells at capacity rates during the 
first 90 days of a given year.4 


STORAGE 


The development of underground gas 
storage facilities expanded in 1970 at a 
slower pace than in 1969. About 251.2 bil- 
lion cubic feet of capacity was added, 
which boosted the total to 5.178 trillion 
cubic feet by yearend 1970. 

The ability to store gas in these under- 
ground facilities close to markets during 
off-season periods has been a major factor 
in the industry’s growth. There were 325 
pools in 26 States, and 83 companies were 
participating in such facilities at the end 
of 1970. 

In addition to underground storage, 
there is the growth in aboveground storage 
for LNG. At present, most of this storage 
is associated with peak-shaving facilities of 
gas-distributing utilities and storage facili- 
ties for natural gas transmission pipelines. 
In the United States there were 31 of these 
installations either operating or under con- 
struction at the end of 1970. In addition, 
three companies were planning new facili- 
ties at yearend 1970. 


1,500 
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The continued growth and expansion of 
the natural gas industry has created a 
need for large-volume storage near metro- 
politan areas to meet the winter peak 
loads. Requirements for natural gas on a 
peak winter day is ‘currently about seven 
times that required on a summer day be- 
cause of growth in use of natural gas for 
home heating. This places a heavy burden 
on a local gas utility to supply the gas 
when needed, particularly if there is a 
prolonged cold spell; hence, the growth in 
LNG facilities. The primary purpose of li- 
quefaction is storage. By lowering the tem- 
perature at atmospheric pressure to minus 
258°F (minus 161° C) it occupies only 
1/620th of the space necessary for conven- 
tional vapor storage. Relatively small 
amounts of gas are liquefied over a long 
period and stored for use during peak 
winter loads. The regasification rate, how- 


4 American Petroleum Institute. Definitions for 
Petroleum Statistics. Tech. Prog. Rept. 1, Ist. ed., 
July 1, 1969, p. 14. 


1968 1969 1970 


Figure 3.—Trends in net gas stored underground in U.S. storage fields. 
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ever, is high; in some instances, high 
enough to empty storage in 4 days. Con- 
ventional peak-shaving facilities are con- 
nected directly with long-distance natural 
gas-transmission lines, and there is an ex- 
panding interest in the import of LNG for 
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base-load purposes on a commodity basis, 
and not a peak-shaving basis, such as the 
two cargoes of LNG shipped from Algeria 
to Boston Gas and the over-the-road deliv- 
eries from Canada to gas distributors in 
New England. 


VALUE AND PRICE 


The average value of natural gas at the 
wellhead increased 0.4 cent to 17.1 cents 
per Mcf. Prices at the wellhead, however, 
varied widely with the highest price in 
States near large comsumer markets. In 
New York, for example, the wellhead price 
of natural gas per Mcf was 30.3 cents; in 
California, 32.1. Wellhead prices near the 
large eastern markets were 25.4 cents for 
West Virginia and 27.9 cents for Pennsyl- 
vania. 

According to the FPC, the average 
wholesale prices charged by pipelines to 
distributing utility companies in 14 cities, 
as Of July 1, 1970, were markedly higher 
than 1 year earlier. Increases ranged from 


6.13 cents in Los Angeles to 0.13 cents in 


Philadelphia. Boston was the only one of 
14 cities in which wholesale prices de- 
clined nominally. Most of the increases 
were subject to refund, contingent on the 
outcome of pending rate proceedings. 

The specific charges in the 14 cities are 
as follows: 


Average cents per Mcf (14.73 psia) charged 
by pipelines to distributors 


Metropolitan area 7/1/69 7/1/70 
Baltimore.................- 41.58 144.37 
Boston 269.21 168.39 
Chicago: 29.12 133.31 
Cleveland .. 240.43 143.34 
Detroit uni ia eos 239.82 139.72 
Los Angeles ?80.85 136.98 
Minneapolis-St. Paul........ 36.72 36.29 
Newark zb) 243.79 144.56 
New ern 241.63 142.22 
Philadelphia ?)pß!)!)... 243.56 143.69 
Pittsburgh ) 238.64 140.24 
St. Louis (Mo. portion only) 33.80 37.17 
San Francisco—Oakland?.... 229.71 1 33.28 
Washington, D. C. 246.71 149.78 


1 Reflects rates in effect subject to refund. 
. * Reflects rates in effect subject to refund in pend- 
ing rate cases. 

Wholesale service furnished by more than one 
pipeline company in 1969. Average prices are com- 
puted from the weighted average charges of all 
suppliers. 


The average cost of natural gas, of 
course, varies widely because of transporta- 


tion costs. In Maine, New Hampshire, and 
Vermont, for example, in 1970 the price 


to residential consumers was $1.985 per 
Mcf, compared with 92 cents per Mcf in 
Texas. In West Virginia, which is a pro- 
ducer of natural gas and which has an av- 
erage wellhead price of 25.4 cents per Mcf, 
the price of gas to residential consumers is 
89 cents per Mcf, or nearly the same paid 
by a residential user in Texas. 


Cost to commercial consumers follow the 
same pattern as indicated with residential 
uses; that is, the highest prices are in New 
England and the lowest are in the West 
South-Central States of Arkansas, Louisi- 
ana, Oklahoma, and Texas. The average 
price of natural gas to commercial users in 
the latter region was 54 cents per Mcf in 
1970. In New England a commercial user 
paid $1.53 cents per Mcf. Industrial ac- 
counts excluding the electric utilities aver- 
aged 101.0 cents per Mcf. In the West 
South Central Region the average was 
about 22.5 cents per Mcf. In this area, 
however, the low average price reflects 
sales of natural gas on an interruptible 
basis to industrial users. Gas purchased in 
an interruptible contract may be sold at 
substantial discounts compared with prices 
paid on firm contracts. In the East North- 
Central Region, however, even though vol- 
umes used for industrial purposes are the 
second largest in the Nation, there is less 
gas available for sale on an interruptible 
basis. Hence with this factor plus more 
distant sources of supply, the price per 
Mcf is more than double that for the West 
South-Central Region. 


The total value of marketed production 
of natural gas was $3,745.7 million in 1970. 
This value was 8.4 percent higher than the 
wellhead value of $3,455.6 million for 1969 
as shown in table 2. 


The total value of the 22,045,799 Mmcf 
of natural gas was used in 1970 is estimated 
to be $11,825 million as indicated in table 
6. This value was $1,056 million (or 9.8 
percent) greater than in 1969. 
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FOREIGN TRADE 


Exports of natural gas were to Japan, 
Mexico, and Canada. Japan provides the 
largest export market. The large-scale ex- 
port of LNG began with one LNG tanker 
late in 1969 and reached full scale with 
two LNG tankers transporting gas to 
Japan after January 1970. During 1970, 
44.3 billion cubic feet of natural gas was 
exported to Japan. Canada received 10.9 
billion cubic feet; most of this gas left the 
United States at Detroit River, Mich. Ex- 
ports to Mexico amounted to nearly 14.7 
billion cubic feet in 1970, which was 9.7 
percent greater than in 1969. Most of this 
gas leaves the United States at Laredo and 
El Paso, Tex. and at Naco, Ariz. 

At present, most of the foreign trade re- 
lating to natural gas is in the form of im- 
ports from Canada and Mexico and ex- 
ports to Japan. Imports from Canada have 
increased from 10.9 billion cubic feet in 
1955 to 778.7 billion cubic feet in 190, 
and the trend is still upward. In 1970, im- 
ports from Canada increased 98.6 billion 
cubic feet, or 14.5 percent compared with 
those of 1969. 

About 527.7 billion cubic feet, or 68 per- 


cent, of Canadian imports enter the 
United States in the West; 22 percent at 
Sumas, Wash. and 45 percent at Eastport, 
Idaho. Another 172 billion entered the 
United States at Noyes, Minn. In addition, 
78.7 billion cubic feet imported from 
Canada entered the United States at Mas- 
sena and Niagara Falls, and Highgate 
Falls; also at Whitlash and Babb, Mont. 
This gas was imported to augment the 
supply of gas utility systems in upper New 
York State, Vermont, and in Montana. 

The plan of El Paso Natural Gas to im- 
port into the United States from Algeria 1 
billion cubic feet per day of LNG for 25 
years is the most extensive program for 
LNG imports to date. The FPC is consid- 
ering this request. 

The FPC has granted approval to the 
proposal by Distrigas Corporation to im- 
port the equivalent of 15.4 billion cubic 
feet of LNG per year from Algeria over a 
20-year period which was to begin in 1971. 

In addition, the Columbia LNG Corpo- 
ration filed with the FPC an application 
to import 425 Mmcf per day from Vene- 
zuela. 


WORLD REVIEW 


The United States, the Soviet Union, 
Canada, and the Netherlands lead the 
world in the production of natural gas. 
These four countries accounted for 32.4 
trillion cubic feet, or 85.4 percent of the 
total world figure. Natural gas production 
in the Netherlands is increasing signifi- 
cantly. The main reason is that the gas re- 
serves in the Groningen field are consid- 
ered to be among the largest in the world. 
During 1970, production in the 
Netherlands totaled 1.1 trillion cubic feet, 
an increase of 345 billion cubic feet, or 45 
percent. As a result of this increase in pro- 
duction, the Netherlands became the 
world's fourth largest producer of natural 
gas and Romania dropped into fifth posi- 
tion. 

Concerning outlets, some of the Nether- 
lands’ gas is being exported to Belgium- 
Luxembourg, to West Germany, and to the 
United Kingdom. Also, Italy signed an 
agreement with the Netherlands in which 
Italy's State-owned company Ente Nazion- 
ale Idrocarburi (ENI) will buy 4,237.7 bil- 


lion cubic feet over a 20-year period, be- 
ginning with 1974. 

In the United Kingdom, development of 
gasfields in the North Sea has caused 
marketed natural gas production in 1970 
to more than double that of 1969; from 
178.7 billion cubic feet to 392 billion cubic 
feet. This gas has been rapidly absorbed 
into distribution channels. During 1970 the 
Gas Council of the United Kingdom has 
added about 493 miles of pipeline to the 
national distribution system, bringing that 
total to 1,565 miles. The United Kingdom’s 
needs also are being supplied in part, at 
least, by LNG imported from Arzew, Alge- 
ria, to Canvey Island in the Thames Es- 
tuary. 

Natural gas use is rapidly becoming an 
important factor in the energy patterns of 
many other nations since large gasfields 
have been found in the Soviet Union, Al- 
geria, the United Arab Republic, Austria, 
Iran, Bolivia, Afghanistan, Pakistan, Can- 
ada, and France. 

Next to Western Europe, gas usage in 
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the Soviet Union is growing faster than in 
any other part of the world. In 1970, the 
Soviet Union produced 7 trillion cubic feet 
of natural gas, which is five times the 1959 
production. Soviet gas now flows into East- 
ern Europe and Austria. Austria is negoti- 
ating for increases in its purchases from 
the Soviet Union. 

ENI signed an agreement with the So- 
viet Union in December 1969 for 110 bil- 
lion cubic meters in 1970, or a total of 
3,884.6 billion cubic feet over a 20-year pe- 
riod. The Soviet Union plans to sell natu- 
ral gas to ENI, and in exchange will re- 
ceive $200 million in Italian industrial 
products, primarily as large diameter steel 
pipe and related equipment. Beginning in 
1973, ENI will receive 42.4 billion cubic 
feet of natural gas; by 1978 the Soviet 
Union is expected to export to Italy an 
average 211.8 billion cubic feet. Volumes 
are expected to build up gradually to pos- 
sibly 353 billion cubic feet by 1980. 

In February 1970 an agreement was 
signed with a West German company to 
import 1,836 billion cubic feet of natural 
gas from the Soviet Union. This gas would 
be imported over a 20-year period begin- 
ning in 1973. 

Meanwhile, the Soviet Union has been 
importing natural gas from Afghanistan 
since 1967, and late in 1970, Iranian gas 
began to move into the U.S.S.R. 

The Soviet Union plans to increase its 
initial 1971 importation goal of 211.8 bil- 
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lion cubic feet of Iranian gas to 353.3 bil- 
lion cubic feet by 1975; the increase grad- 
ually reaching 535 billion cubic feet by 
1980 and hold at that level until 1984. De- 
liveries from Afghanistan began in 1967. 
Cumulative delivery during the 25 year pe- 
riod is to reach 58 billion cubic meters, 
or 2,030 billion cubic feet, by 1992. Ex- 
ports of the Soviet Union were estimated 
to have been about 68 billion cubic feet in 
1970. 

In Africa, the movement of LNG from 
Libya to Italy and Spain is another signifi- 
cant development. The Esso Standard 
Libya, Inc. project involves the sale of 245 
million standard cubic feet per day of 
1,350-Btu gas, which is the equivalent of 
465 million standard cubic feet of 1,000 
Btu gas per day. The gas is liquefied at 
Marsa el Brega, Libya, and then trans- 
ported in LNG tankers to La Spezia, Italy, 
and Barcelona, Spain. Nearly all of the gas 
liquefied is gas associated with oil from 
the Zelton and Reguba fields in the Lib- 
yan Desert. 

Table 14 offers both gross production 
and marketed production of natural gas by 
countries. Gross production includes natu- 
ral gas which is vented and/or flared. As 
shown, the volumes of natural gas flared is 
large. The widening demand for natural 
gas world-wide, however, suggest that 
growth in the amount of gas flared will be 
arrested significantly in the foreseeable fu- 
ture. 
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Table 2.—Quantity and value of marketed production of natural gas in the United States 


1969 1970 
Average Average 
Quantity Value wellhead Quantity Value wellhead 
State (million (thousands) value, (million (thousands) value, 
cubic feet) ! cents cubic feet) ! cents 

per Mcf per Mcf 
Alabama __. . . 1 13.4 $87 13.9 
Alaska 50, 864 12, 665 24. 9 111,576 27,448 24.6 
Arizona 1, 136 17.5 1 17.1 
Arkansas 169,257 26,743 15.8 181,351 29,560 16.3 
California 677, 689 207, 440 30.6 649,117 208,367 32.1 
Colorado. ............-.. 118,754 17,219 14.5 105,804 ; 14.7 
Florida_ 50 ß oss 
Illinois 3, 800 536 14.1 4,850 761 15.7 
Indiana. 171 23.6 36 23.7 
Kansas. ...............-. 883,156 122,759 13.9 899,955 125,994 14.0 
Kentucky..............- 81,304 20,407 25.1 77,892 19,161 24.6 
Louisiana 7,227,826 1,387,743 19.2 7,788,276 1,503,137 19.3 
Maryland. dd 978 248 25.4 1 24.9 
Michigan 36,163 9,294 25.7 38,851 10,373 26.7 
Mississippi FF 131,234 23,097 17.6 126,031 23,190 18.4 
Missouri 1 13.8 24.5 
Montana............-..- 41,229 4,205 10.2 42,705 4,399 10.8 
Nebraska 6,9 1,209 17.3 ,991 1,024 17.1 
New Mexico 1,138,133 155, 924 13.7 1,138,980 162,874 14.3 
New York 4,861 1,458 30.0 ,358 1,017 30.3 
North Dakota. `. 33,587 5,441 16.2 34,889 5,722 16.4 
ORIG su ene ect 49,798 12,837 25.8 52,113 14,123 27.1 
Oklahoma. .............- 1,528,715 233,128 15.3 1,594,943 248,811 15.6 
Pennsylvania 79,134 21,841 27.6 ,841 21,439 27.9 
Tennesse 57 11 19.6 64 13 19.9 
KC TEEN 7,853,199 1,075,888 13.7 8,857,716 1,203,511 14,4 
Utah oder mara catar 46,733 7,197 15.4 781 6,460 15.1 
Virginia 2, 846 845 29.7 2, 805 864 30.8 
West Virginia 231,759 62,575 27.0 242,452 61,583 25.4 
Wyoming 303,517 44,617 14.7 338, 520 49,762 14.7 
Total as 20,698,240 3,455,615 16.7 21,920,642 3,745,680 17.1 


_ 1 Marketed production of natural gas represents gross withdrawals less gas used for repressuring and quanti- 
ties vented and flared. 
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Table 4.—Quantity and value of natural gas delivered to 


Residential Commercial 
State and region Numberof Quantity Value Number of Quantity Value 
consumers (million (thousands) consumers (million (thousands) 
(thousands) cubic feet) 3 (thousands) cubic feet) 3 
New England: 
Connecticut 369 31.187 359, 630 28 10,918 $17,338 
Maine, New Hamp- 
shire, and Vermont. 75 5,247 10,420 5 2,747 4,259 
Massachusetts 990 82, 646 158, 598 63 30,040 45,330 
Rhode Island. . ...... 152 11,940 21,874 7 3,890 5,936 
Total.. ica . . 1,586 131,020 250,522 103 47,595 72,863 
Middle Atlantic: 
New Jersey 1,583 140,219 264,733 172 54,105 77,695 
New York........-.- 3,862 346,533 484,453 271 114,081 143,514 
Pennsylvania 2.214 297, 022 367,416 141 90,162 88,719 
Total! 7,659 783,774 1,116,602 584 258, 348 309, 928 
East North Central: 
linois____ 2,739 439,152 459,353 205 187,087 142,335 
Indiana 996 158,699 160,286 103 74,659 62,340 
Michigan............ 1,901 340,033 345,133 160 130,589 109,956 
Ohio eke 2,444 459 , 972 413,975 188 162,710 125,612 
Wisconsin 759 105,208 131,194 62 42,069 41,059 
Total... 8,889 1,508,064 1,509,941 718 597,064 481,302 
West North Central: m 
OWā__-------------- 568 96,219 92,948 70 56,352 39,052 
Kansas 596 97,317 66, 662 57 45,777 21,973 
Minnesota... 603 101,764 111,533 53 50,688 40,449 
Missouri 981 156,571 150,934 87 12,597 50,019 
Nebraska............ 318 58,295 49,609 49 35,571 21,520 
North Dakota 50 8,186 8,882 7 7,745 5,437 
South Dakota........ 74 13,784 14,335 10 9,148 6,248 
Totaal 3,190 532,136 494 , 403 333 277,878 184,698 
South Atlantic: 
ela ware 78 7,843 12,431 5 2,804 8,491 
Florida.............. 345 14,702 86,961 28 21,302 23,240 
Georgia 730 87,859 91,552 54 35,622 26,396 
Maryland and Dis- 
trict of Columbia... 816 86,811 126,310 64 33,051 37,711 
North Carolina 279 27,353 ,559 38 15,143 16,627 
South Carolina....... 211 18,930 25,612 26 12, 577 11,759 
Virginia 451 49, 554 73, 885 46 24, 641 25, 577 
West Virginia 350 57, 973 51,654 29 18,382 13,087 
Totaal 3,260 350,525 453,914 290 163,522 157,888 
East South Central: 
Alabama 537 55,779 63,030 39 35,368 21,398 
Kentueky-.---------. 523 86,473 71,600 50 33,970 23,269 
Mississippi.......... 328 36,642 32,892 39 19,295 11,886 
Tennesse 391 46,571 42,473 51 39,392 28,874 
Totaal 1,779 225,465 209,495 179 128,025 85,427 
West South Central: 
kansas...........- 376 59,792 45,083 51 87,149 19,949 
Louisiana 834 86,148 66,679 74 34,733 17,783 
Oklahoma 632 77,460 65, 144 68 38, 661 20, 568 
Texas 2,612 232,189 213,846 242 94,471 52,998 
Pot!!! 4.454 455. 589 390,752 435 205,014 111,298 
=. ——. xn. = n 
Mountain: 
Arizona 417 29,679 35,585 38 17,267 11,776 
Colorado. ........... 542 82,595 59,386 69 57,635 33,140 
Idaho 68 7,711 10, 726 11 5,851 ,933 
Montana 136 24,794 22,513 18 15,520 10,228 
Nevada. ............ 69 7,262 10,944 4 5,224 4,853 
New Mexico......... 229 30,771 28,551 24 16,642 10,501 
Utah... 2c 236 44,637 37,941 16 10,164 6,007 
Wyoming 75 17,984 12,265 11 12,123 5,698 
Total, 1,772 245,433 217,911 191 140,426 88,136 
Pacific: 
Alaska. ............. 15 6,211 9,435 4 6,374 6,323 
California 5,608 552,544 544,256 356 203,699 150,104 
Oregon 180 19,742 29,830 25 10,394 13,970 
Washington 262 31.929 44,796 35 18,236 20,315 
Total... cuidas 6,065 610,426 628,317 420 238,703 190,712 
Total United States 38,604 4,837,482 5,271,857 3,253 2,056,575 1,682,252 


1 Includes refinery fuel use of 1,028,794 million cubic feet. 
2 Includes deliveries to municipalities and public authorities for institutional heating, street lighting, etc. 


3 Quantities at 14.73 psia. 


4 Includes 85,884 million cubic feet used for carbon black production. 


s Source: Federal Power Commission. 
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Industrial ! Electric utilities Other consumers ? Total 
Quantity Value Quantity Value Quantity Value Quantity Value 
(million (thousands) (million (thousands) (million (thousands) (million (thousands) 
cubic feet) 4 cubic feet) 3 5 cubic feet) ? cubic feet) ? 

14,690 $15,336 147 $51 3,582 $4,008 60,524 $96,363 
2,224 /r. AA a 473 364 10,691 16,939 
22,513 23,414 5,711 1,930 5,316 4,779 146 , 226 234,051 
5, 743 4,973 2,319 922 1,174 1,527 25,066 35,232 
45,170 45,619 8,177 2,903 10,545 10,678 242,507 382,585 
80,178 55,804 45,560 18,270 1,848 1,639 321,910 418,141 
115,047 79 ,958 106,141 40,864 25,417 22,469 707,219 771,258 
337,773 197,935 9,337 3,996 9,177 7,140 743.471 665,206 
532, 998 333.697 161,038 63,130 36,442 31,248 1,772,600 1,854,605 
380,464 190,993 132,329 47,638 6,397 2,527 1,145,379 842,846 
268,394 127,219 29,571 10,320 2,891 2,194 534,214 362,359 
290,413 155,371 32,163 13,605 2,119 1,437 795,317 625,502 
372,968 216,321 21,449 8,622 20,702 14,409 1,037,801 778,939 
141,250 77,970 30,242 12,944 12,486 4,433 331,255 267,600 
1,453,489 767,874 245,754 93,129 44,595 25,000 3,843,966 2,877,246 
99,152 36,389 77,726 21,452 914 344 330,363 190, 185 
163,395 44,607 168 , 139 49,601 6,855 1,940 481,483 184,783 
97,906 40,925 58,617 15,182 25,897 12,793 334,872 220,882 
109,464 44,114 63,104 16,659 15,047 4,920 416,783 266,646 
54,838 17,548 47,593 12,755 11,253 3,218 207,550 104,650 
1,782 70 362 132 570 327 18,645 14,978 
6,800 2,217 4,364 1,458 2,213 976 36,309 25,234 
533,337 186,500 419,905 117,239 62,749 24,518 1,826,005 1,007,358 
12,030 7,050 3,744 1:419. A ess. ¿uwa munaa 26,421 24,391 
92,334 36,010 198,273 72,370 5,612 1,706 332,223 170,287 
140,891 58,188 58,674 17,250 3,104 2,244 325,650 195,630 
44,008 30,101 11,436 3,762 4,478 4,039 179,784 201,923 
75,065 38,433 21,126 8,049 6,389 4,083 145,076 102,751 
78,698 36,437 45,081 17,086 1,273 549 156,559 91,443 
44,572 22,598 4,276 1,274 5,449 3,367 128,492 126,651 
90,474 41,437 705 231 3,296 2,215 170,830 108,624 
578,072 270,254 343,315 121,441 29,601 18,203 1,465,035 1,021,700 
170,937 57,264 15,444 4,216 886 413 278,414 146,321 
72,524 35,174 8,533 2,492 8,491 5,061 209,991 137,596 
135,379 40,614 97,287 26,657 4,551 1,984 293,154 113,533 
121,880 47,533 17,253 4,399 3,328 1,571 228,424 124,850 
500,720 180,585 138,517 37,764 17,256 9,029 1,009,983 522,300 
152,580 43,485 107,797 27,488 2,020 640 359,338 136,645 
995,158 239,833 330,648 72,081 35,588 8.861 1,482,275 405,237 
119,844 30,321 234,749 46,480 5,260 2,372 475,974 164,885 
1,789,533 375,802 1,059,816 266,014 51,619 13,318 3,227,628 921,978 
3,057,115 689,441 1,733,010 412,063 94,487 25,191 5,545,215 1,628,745 
57,732 25,229 58,878 21,667 5,438 2,572 168,994 96,829 
84,788 23,571 51,275 11,998 1,446 536 277,739 128,631 
28,805 /; yy lor pel ⁵ð·w E 42,36 29,50 
36,105 12,240 2,529 703 3,044 1,248 81,992 46,932 
10,327 5,804 25,336 10,464 4,409 2,429 52,558 34,494 
73,078 19,439 54,934 17,744 16,393 5,229 191,818 81,464 
62,484 18,495 3,513 1,012 16 11 120,814 63,466 
50,079 12,470 2,373 543 1,903 424 84,462 31,400 
403,398 130,095 198,838 64,131 32,649 12,449 1,020,744 512,722 
14,744 6,310 8,198 3,074 6,145 2,249 41,672 27,391 
618,647 250,552 636,257 220,145 6,246 2,804 2,017,393 1,167,861 
57,664 27,909 1,01 966 550 89,776 72,647 
93,147 81.902 ou chut d 254 118 143,566 102,581 
784,202 322,123 645,465 223,607 13,611 5,721 2,292,407 1,370,480 
7,888,501 2,926,188 3,894,019 1,135,407 341,935 162,037 19,018,462 11,177,741 
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Table 8.—Estimated proved recoverable reserves of natural gas in the United States 
as of December 31, 1970 
(Million cubic feet at 14.73 psia at 60? F) 


State Nonassociated Associated- Underground Total 
dissolved storage! 

Alabama isis opa e Rea aaa 152,521 9,488 ...........- 162,009 
Alaska... z L uuu A 4,740,760 26,889,991  ............ 31,180,751 
Ji» y a 886 2,413, 572 130, 905 36,197 2, 580, 674 
California “”,·.nnnurʒꝙwnr «k 2,553,760 8,545,431 200,568 6,299,759 
Gler ads s eee edis dus 1,473,138 131,390 24,318 1,628,846 
J!. 8E 1 12, 509 401,994 415,414 
In WE 4,233 76,861 82,674 
4T A x EN: 12,905,008 828,421 96,662 13,325,091 
Cl AAA el edi E 808 , 708 50,428 123,706 ,842 
Louisiana 3 67,761,928 15,057,199 137,561 82,956,688 
Melt; 8 1. 134 112, 530 616,007 939,671 
Mississippi.. 1,101,209 223,653 9,043 1,333,905 
Montana_... corcel cana oa 793 , 283 141,854 164,786 1,099,928 
Nebraska... k. qAVQA = 23,887 18,660 15, 621 58, 168 
New Mexico 10, 670, 444 2,615,209 4,870 13,290,023 
r 22, 635 129 103, 197 125, 961 
North Dakota 4 5, 593 561,761 ...........- 567,354 
AAA ³˙wmw¹ mmm. mt 8 420, 234 137,221 486,008 993,458 
Oklahoma. 22224200. . vie ec ete ewes 13,469,170 3,263,649 221,448 16,954,267 
Pennsylvania. 779, 409 13, 134 584, 959 1,877,502 
Texas cono . ⁵ aaa 77,717,675 28,541,957 93,861 106,352,998 
Utah... ee ⁵ oe ĩ ͤ usu m ss 625,158 438,587 1,420 1,065,160 
Virginia A E 82:511. lll aisla „511 
West Vireinia 2, 002, 320 57, 978 376, 080 2,436,878 
VOMING ð d 3,399,271 800,288 48,772 4,243,831 
Other States ....----~---------------- 17,738 62,324 235,993 816,055 
ged VH 204,098, 552 82,643,929 4,008,927 290, 746, 408 


1 Gas held in underground reservoirs (including native and net injected gas) for storage purposes. 

2 Includes offshore reserves. The remaining proved natural gas reserves in the Gulf of Mexico are estimated 
to be 37,781,044 million cubic feet, of which 32,093,379 million cubic feet are nonassociated, and 5,687,665 
million cubic feet are associated-dissolved. As of this date the ultimate recoverable natural gas reserves in the 
Gulf of Mexico are estimated to be 54,519,911 million cubic feet, of which 45,430,264 million cubic feet are non- 
associated, and 9,089,647 million cubíe feet are associated-dissolved. 

S Een Arizona, Florida, lowa, Maryland, Minnesota, Missouri, South Dakota, Tennessee, and 
as on. 


Source: Committee on Natural Gas Reserves, American Gas Association. 


Table 9.—Estimated productive capacity of natural gas in the United States, 
December 31, 1970 


(Million cubic feet per day) 


Productive capacity Productive capacity 


State Non- Asso- State Non- Asso- 

asso- ciated- Total asso- ciated- Total 

ciated dissolved ciated dissolved 
Alabama 24 3 27 New Mexico 2, 925 1.312 4,237 
Alaska 600 105 705 New York........ „ 7 
Arkansas 700 85 785 North Dakota 1 109 110 
California 1. 1,604 994 2,598 Okto 210 35 245 
Colorado 407 41 448 Oklahoma 8,547 2,028 10,575 
Ilinois............ .......- 7 7 Pennsylvania 214 2 216 
Indiana........... .....-.- 8 8 Texas!........... 21,578 9,177 36, 755 
Kansas............ 7,984 313 8,247 Utah............. 127 51 178 
Kentucky 190 8 198 Virginia 8 8 
Louisiana 1 25,808 4,872 30,675 West Virginia 875 5 880 
Michigan n- 184 57 241 Wyoming 1,020 313 1,838 
Mississippi 377 147 524 Other States 2. 7 6 13 
Montana 173 51 224 — ü— [——õ — 
Nebraska 13 9 22 Total 79, 528 19,738 99,266 


1 Includes offshore productive capacity. 
a cen Arizona, Florida, Iowa, Maryland, Minnesota, Missouri, South Dakota, Tennessee, and 
as on. 


Source: Committee on Natural Gas Reserves, American Gas Association. 
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Table 10.—Underground storage statistics, December 31, 1970 


(Million cubic feet at 14.73 psia at 60° F) 
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Total gas Total 
Number Number in storage reservoir 
State of pools of wells reservoirs capacity 
(million (million 
cubic feet) cubic feet) 
NA EE 6 27 12,523 42,510 
AN 8 6 160 125,213 288,339 
err, 88 5 47 15, 065 27,410 
ii.; ⁰ ⁵³ AA 27 1.217 389, 440 656, 864 
III/ ⁰ ĩð . IN 26 808 60, 943 147,961 
ID); p E 227 135,236 186,200 
e e A bas dd 16 744 82,787 106,084 
Kentucky AE ⁰ A 19 943 46,984 133,948 
/ salas 4 100 108,808 183,165 
Maryland. 59 26,443 64,770 
Michigan. coat . la 30 2,217 355, 624 726, 106 
Minn eee Se 1 25 2,060 2,06 
Mississippi- Abee 3 25 8,543 9,884 
Missouri- a y x aa 1 70 27,453 45,000 
Montana ee e E o a 5 130 125,048 178,552 
Nebraska: cuotas assi 1 15 4,562 39,270 
F Eet 1 SS A ef 52,150 
New York . ns 1 723 94,972 110,171 
GI). E aie E 21 2,816 854,650 501,117 
Oklahoma... c u oie e cad sss 11 187 200,043 317,025 
Pennsylvania... __ 65 2,139 565,226 710,038 
20! MMC 17 171 66,298 115,126 
Utalzic.2usce ͥͤͥ G00000᷑]ĩ⅛².. h SI eae 1 8 1,420 1,447 
Washington 1 51 12, 344 34, 426 
West Viginningggggagagaga‚a‚‚a‚‚‚‚‚‚‚d la 33 1,190 354,290 419,830 
IW VOTING Su e E E paras 4 12 30,837 78,628 
r IN elt rc AR A 325 14,133 3,206,812 5,178,081 
Source: American Gas Association. 
Table 11.—Gas wells and condensate wells in the United States 
Completed Completed Producing 
State during uring ec. 31, 
1969 1 1970 1 1970 2 
A A. 8 1 5 2 
O 55.222526 pa ics LLLA. Lada De i a 11 5 51 
RT CC NEE o 17 
I ³ðVA—AA EL meo n LL E 40 36 1.008 
ieee ⁰⁰ E EL LA ias 59 56 3 980 
/// ͥͥ⁰ͥ supa Eu a 47 47 861 
Tino saena aa a K EA 5 5 8 
Ii ⁰ ⁵ ⁵ 8 7 4 50 
EE « ˙ ] ⅛ 0. ĩ v 184 108 8,660 
Kentucky. ⁵]ͤu/ꝗ EE ua su ss 142 111 3 6,913 
AA a A S au e sou 543 589 9,690 
Ml.... siete aby ¿SS S eee 16 
lh g u is eo oe 15 19 1,235 
III e 16 12 3325 
III 2 ph iio pi is ia tee, rs tis Ete = 311 
A ³ðVͤ jack e e mE 31 74 739 
Nebraska. cocos JZ 8 1 2 35 
New Mexieo eee 263 159 38,848 
New YO ku ia de Da 12 17 600 
North ¿Da ko Rss ³² ³ as owe: Bowen dia Ous 1 29 
Lë EEN 395 683 37,789 
Gr ³ 8 397 321 8,168 
Pennsylvanie ß hte eats SE as 277 250 16,239 
nnn ² ]ðVWWA»A. e ey te ees 7 4 15 
%%%%%ͤ A ss mna 903 774 23,417 
BRACH AAA A A A UE IA EE M 16 10 173 
III ⁰ ↄ ⁵ ↄͥ A Tec E 2115 
Well ³ð2:Lſ 652 553 20, 702 
Woll... es 57 45 3 800 
JJ] ⁰˙»;AAͥ A a RR 4,083 3,840 117,496 


! From data compiled by the American Association of Petroleum Geologists and American Petroleum 


Institute. 
? Data from State sources except as noted by footnote 3. 
3 Information obtained from World Oil. 
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Table 12.—Natural gas stored and withdrawal statistics 
(Million cubic feet at 14.73 psia) 


1969 1970 
State — n ſ— — — V. y"Rs——— — 
Total Total Net Total Total Net 
stored withdrawn stored stored withdrawn stored 

Alabama- -` ---.--a------------ 577 435 142 1,153 587 566 
Arkansas... oooooococooooocooo. 1,168 507 661 1,467 1,261 206 
California___.. 8 77,617 64,590 13,027 80,260 52,235 28,025 
Colorado 8, 663 8, 128 535 8,757 5,630 3,127 
Delaware 179 878 —699 891 602 —211 
Ins 153, 497 105,337 48,160 190,661 112,468 78,193 
Indiana... Voce 88 26,489 22,385 4,098 35,065 : 10,025 
TOW EE 8 43,037 45,343 —2,306 46,301 42,068 4,233 
¡ES AAA AN 50,772 50, 140 632 52,966 47,068 5,898 
Kentucky. rr: 81,726 21,966 3,760 38,968 28,592 10,376 
Louisiana 58, 753 43, 521 15,232 110, 680 48,170 62,510 
Maryland. ....................- 5,281 9,417 —4,136 10,421 8,069 2,952 
Massachusetts 314 567 —258 770 570 200 
Michigan 257,737 260,981 —8,244 844,524 317,397 27,127 
Miss ppi sess , 493 i —905 12,489 3,910 
Missouri 9,044 9,909 —865 10,957 9,744 1,213 
Montana..........-...-....-..- 20,409 10,854 9,555 20,891 10,415 10,476 
Nebraskc aaa 4, 838 3, 526 1,312 3,074 3, 856 —782 
New Jersey 2.2.2... - 1,281 1,075 206 1,447 1,008 439 
New Mexico 383 165 218 398 241 157 
New York kk 41,874 39,148 2,726 45,802 39,541 6,261 
ö. A eee 168, 142 172,078 —3,936 182,405 173,067 9,838 
OklahhomꝑaaaKi 53,945 37,786 16,159 57,142 45,726 11,416 
Pennsylvania 244, 892 240,378 4,519 335,966 246,978 88,988 
¿e RA M LR rari Sl 33,943 30,582 3,361 36,805 37,729 —924 
Utahc. o aio . 8 580 367 21 547 439 108 
VirginiaKꝛe˖. 2,143 134 2,009 2,175 193 1,982 
Washington 1,827 735 1,092 6,688 1,348 5,340 
West Virginia 183,114 181,142 1,972 209,292 184,862 24,430 
Wvoming. 6,695 3,021 3,674 8,305 5,124 3,181 


Tot... 1,496,407 1,379,488 116,919 1,856,767 1,458,607 398,160 
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Table 13.—Gross withdrawals and disposition of natural gas in the United States 
(Million cubic feet at 14.73 psia) 


SR Gross withdrawals Disposition 
ate 
From gas From oil Total ! Marketed Repres- Vented 
wells wells production suring and flared 2 
1969 
aS ee iaa 77,816 71,831 149,647 50,864 66,240 32,543 
Arkansas 119,230 56,105 175,335 169,257 4,752 1,326 
California... __ 294,026 473,316 161,342 677,689 86,579 3,074 
Colorado 92, 133 31, 204 123, 337 118,754 3,257 1,326 
lines 158 3, 735 3,893 1800 220. 93 
Ia. ll! s e A A 
Kansas.........-..---..-- 744,631 142,972 887,603 883,156 1,781 2,666 
Kentuckÿůyã . 81,086 218 81,304 Aer NEEN 
Louisiana 6, 305, 897 1,255,130 7,561,027 7,227,826 174,349 158 , 852 
Maryland 978 __ eS 978 P/ AA 
Michigan 22, 285 16,405 88,690 36,163 1,719 808 
Mississippi 133, 105 35, 609 168,714 131,234 29,383 8,097 
Montana............-...- 37,163 30,901 68,064 41,229 377 26,458 
Nebraska 4, 739 2,677 7,416 6,989 330 
New Mexico 837, 521 305, 073 1,142, 594 1,138,133 403 4,058 
New York 801 ¿uD O 4,861 480610 AA u S 
North Dakota ........- 127 56,415 56,542 33,587 8 22,955 
oo A O 38,540 11,253 49,793 40 93. ee md ne s 
Oklahoma- - -------------- 1,356,766 384,911 1,741,677 1,523,715 87,196 130,766 
Pennsylvania 78,683 79, 446 79, 134 Io aa 
KEE 6,800,882 2,113,912 8,914,794 1,853,199 950,096 111,499 
Utah uz sero 21,510 53,657 75,167 46,733 25,632 2,802 
Virginia 2,846 22.2222- 2,846 2.B40- incidido. is 
West Virginia 229,815 2,556 232,371 231,759 512 8 
MWvoming. 280,572 62,426 342,998 303,517 21,849 17,632 
Other States? 1,794 791 2,585 1,549 24 795 
Total. ............- 17,489,415 5,189,780 22,679,195 20,698,240 1,455,205 525,750 
1970 
AAS AA 130,491 87,363 217,854 111,576 71,470 34,808 
Arkansas 128,241 55,409 183,650 181,351 2,073 226 
California 296,001 431,244 727,245 649,117 75,629 2,499 
Colorado 93,221 21,936 115,157 105,804 2,227 7,126 
E occa Gd 198 4,774 4,972 4.850 - x 22: Lo 122 
Indiana... A 58 153 //»»;»ÜùAĩ ſ cee 
ansas s 752, 934 151, 541 904,475 899,955 1,807 2,713 
Kentucky... ) 77,695 197 77,892 (41.899. Riu iit. bar 
Louisiana 6,811,334 1,264,823 8,076,157 7,788, 276 133,792 154,089 
Maryland SIS) ¿LOSS e ee 81 I/ ca cio 
Michigan 23,774 16,264 40,038 38,851 378 809 
Mississippi 123,737 33,283 157,020 126,031 23,756 7,233 
Montana. 37,684 10,618 48,302 42,705 394 5,203 
Nebraska 3, 990 2,319 6, 309 5,991 S18) iaa 
New Mexico 832,771 309,118 1,141,889 1,188,980 .........- 2,909 
New York 3,358 _ . . . 3,35 d dUN. A K 
North Dakota. `, 140 54,611 54,751 34,889 19, 862 
J A mes us ees 39,694 12,419 52,113 52; 118; ieuseoten A ees 
Oklahoma 1,429,408 381,596 1,811,004 1,594,943 86,432 129,629 
Pennsylvania 76,716 398 77,114 76,841 rd WEE 
Nd EEN 7,165,388 2,233,138 9,398,526 8,357,716 940,505 100,305 
Fall AA me E 21,609 51,777 73,386 42,781 27,753 2,852 
Virginia 28050 .-- 2,805 rr doses sus 
West Virginia 239,787 3,194 242,981 242,452 FA 
Wyoming 301,310 64,192 365,502 338,520 8,563 18,419 
Other States 222 1,406 1,581 2,987 1,879 452 656 
'Tobal. 2 etes 18,594,658 5,191,795 23,786,453 21,920,642 1,376,351 489,460 


1 Marketed production plus 
? Partly estimated; includes 


uantities used in repressuring and vented and flared. 
irect losses on producing properties and residue blown to the air. 
3 Alabama, Arizona, Florida, Missouri, and Tennessee. 


764 


MINERALS YEARBOOK, 1970 


Table 14.—Natural gas: 


Country 1 


1968 


Gross 


Marketed 


Production, by countries 
(Million cubic feet) 


1969 


Gross 


Marketed 
production ? production? production? production? production ? production 2 


North America: 


Barbados 


Chile............... 


Bulgaria 


Germany, West 
Hungary s.. 
Italy... ` tec be 
Netherlands 


U.S. S. R. 777. 
United Kingdom 
Vugosla via 


Africa: 


Asia 


OA Loose los 
Congo (Brazzaville)... 


Tunisia 
United Arab Republic 


Afchanistan COO DEC 


Qatar... 8 
Saudi Arabia 100. 
Taiwan 
Trucial States: 
Abu Dhabi 
Dubai 


Oceania: 


Australia 


75,792 
1. 634, 602 


471,351 
420,651 


e 340,000 


r 88 
1,692,301 
r 370,687 


67,300 
19,322,400 


188,806 
84 


16,803 


185 


108 
2,288,046 


09,056 
137,503 
22,698,240 


74,452 
1,673,013 


1178, 673 
125,784 


350, 000 


e 28,000 
471,653 


233 , 841 
e 3,000 


49,375 
42 


69,297 


20,698,240 


188,133 
3 


17,453 
314,092 


78,673 
25,784 


105,520 


1970 » 

Gross Marketed 
116 e 100 
e 2,656,000 2,295,278 
665,026 481,106 
121,060 66,687 
23,786,453 21,920,642 
270,688 212,452 
29,000 e 4,000 
44,602 e 8,000 
269,392 94,325 
104,894 46,736 
10,176 e 500 
75,182 16,822 
1,710,200 348,630 
67,027 66,992 

e 4 19,000 e 19,000 
e 43,000 e 33,000 

e 360,000 243,000 
446,987 e 440,000 

4 122,506 122,506 

* 463,953 463,953 

1,118,375 1,107,427 

* 183,014 83,014 

* 875,443 875,443 

e 7,520,000 7,063,000 

1 391,958 91,958 
4 34,502 34,502 

e 340,000 102,377 

28,749 e 1,500 
e 96 e 36 
1,900 762 

e 710,000 (8) 
41,539 1,539 
285, 804 3,920 
4 316 
e 37,000 e 3,000 
e 472,000 e 72,000 
25,406 12,305 
126,654 7,965 
43,400 e 3, 400 
50, 288 23, 873 
108,435 27,649 
1,094,194 396,333 
e 200,000 27,720 
44,753 4,753 
83,311 9° 82,682 
569,680 203,782 

«20,000 (8) 

4 133,856 133,856 
127,000 e 39,000 
710,939 103,182 
4 32,400 32,400 
266,200 26,700 
e 25,000 (8) 

4 53,061 53,061 
43,769 ,76 
46,504,299 37,906,953 


39,341,096 31,333,856 42,770,658 34,380,472 


e Estimate. 


» Preliminary. 


r Revised. 


! In addition to the countries listed, Albania, mainland China, Cuba, East Germany, Malaysia (Sarawak), 
Mongolia, Spain, Syrian Arab Republic, and Thailand produce crude oil and presumably produce natural gas, 
but available information is inadequate to ascertain output levels and the share of gross production that is 


marketed. Of these countries, only mainland China is regarded as being a significant gas producer. 


2 Comprises all marketed production (see footnote 3) plus gas vented, flared, reinjected for repressuring, and 
to drive turbines (without being burned). 
. 3 Comprises all gas collected and utilized as fuel or as a chemical industry raw material, including gas used 
in oil and/or gasfields as a fuel by producers, even though the latter is not actually sold. 
4 Gross production not reported, marketed output has been reported in lieu of a gross production estimate 
because the quantity flared, vented, and reinjected is believed to be small. 
$ Available statistics used for both gross and marketed output comprise marketable production plus gas used 
for repressuring, but exclude gas vented and/or flared; reportedly gas used for repressuring constituted only 
0.4 percent of the 1968 total shown. Information is inadequate to make a reliable estimate of gas vented or 
flared, but it is believed to be small, if any. 
6 Marketed production reported includes gas produced from coal mines as follows in million cubic feet: 
1968, 6; 1969, 9; 1970, not available. 
7 Marketed production reported includes gas produced from coal and oil shale as follows in million cubic feet: 
1968, 60; 1969, 61; 1970, not available. 
s No marketed production reported; there may be some small field use, but available information is inade- 
quate to make reliable estimates. 
9 Includes gas reinjected, if any. 
10 Data for both Kuwait and Saudi Arabia each include one-half of the total output recorded for the former 
Kuwait-Saudi Arabia Neutral Zone. 
11 Reported sales; presumably excludes fuel use in fields and pipeline system. 
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Natural Gas Liquids 


By William B. Harper * and Leonard L. Fanelli ? 


Production of natural gas liquids and 
natural gas reached new highs in 1970. The 
output of natural gas liquids at gas-proc- 
essing plants rose to 605.9 million barrels, 
or 26 million barrels above the preceding 
year. Also, the value of output in 1970 
rose to $1,275 million, which was $173 mil- 
lion, or 15.7 percent higher than the 1969 
values shown in table 12. 

Natural gas liquids are products ob- 
tained from natural gasoline plants, cycling 
plants, and fractionators after processing 
the natural gas. Included are ethane, the 
liquefied petroleum (LP) gases (butane, 
propane, and butane-propane mixtures) , 
isobutane, and other mixed gases. Also in- 
cluded in the output of these plants are 
natural gasolines, plant condensate, and 
finished products such as gasoline, special 
naphthas, jet fuel, kerosine, distillate fuel 
oil, and other finished products. 

Increased availability of ethane for chem- 
ical manufacture at prices well below 
propane, plus an expansion in ethylene- 
producing capacity, has resulted in a rapid 
growth in ethane production over the past 
decade—from 14,575,000 barrels in 1960 to 
73,434,000 barrels in 1970. In fact, ethane 
production, shown in table 1, is the fastest 
growing segment of the five components in 
the natural gas liquids group. Since 1965, 
ethane recovery from natural gas has been 
growing at an annual rate of 18.4 percent. 

Although production of LP gases in- 
creased, the slowdown in business, coupled 
with a milder 1969-70 winter, reduced de- 
mand particularly for propane. As a result, 
inventories climbed rapidly. Prices of LP 
gases recovered from the depressed levels 
of 1969. 

The data presented in this chapter com- 
piled from reports submitted by natural 
gasoline plants, cycling plants, and frac- 
tionators that handle natural gas liquids, 
and include all natural gas liquids except 
the small volume recovered at pipeline 


compressor stations and gas dehydration 
plants. Such recovery is considered to be of 
little significance in the national and State 
totals. Plant condensate is included in the 
category of natural gas liquids, as is 
ethane and liquefied gases such as butane 
and propane, which are recovered in cer- 
tain refinery processes. Field condensate, 
however, is reported with crude oil and is 
excluded from the tota] for natural gas 
liquids. 

Annual reports were received from all 
producers and large distributors and from 
most of the dealers that sell more than 
100,000 gallons of LP gases per year. To 
reflect total shipments, the sample of 
dealer shipments was expanded by Petro- 
leum Administration for Defense (PAD) 
districts on the basis of domestic demand 
in the districts. 

Full details on sales of LP gases and 
ethane have been published by the Bureau 
of Mines.3 

For the purpose of this chapter, lique- 
fied gases and ethane, whether obtained 
from natural gas or from processing in re- 
fineries, are defined as follows: 

Ethane.—Includes ethane only. All other 
LP gases mixed with ethane are reported 
in their respective product classification. 

Propane.—Includes all products covered 
by Natural Gas Processors Association 
(NGPA) specifications for commercial and 
HD-5 propane. 

Butane-Propane.—Includes all products 
covered by NGPA specifications for com- 
mercial butane mixtures. 

Butane.—Includes all products ‘covered 
by NGPA specifications for commercial bu- 
tane, except those that contain 80 percent 
or more isobutane. 

Isobutane.—Includes all products covered 


1 Mineral specialist, Division of Fossil Fuels. 

2 Survey statistician, Division of Fossil Fuels. 

3 U.S. Bureau of Mines. Sales of Liquefied Petro- 
leum Gases and Ethane in 1970. Mineral Indus- 
try Survey, 1971, 12 pp. 
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by NGPA specifications for commercial bu- 
tane that contains 80 percent or more iso- 
butane. 

Isopentane.—Includes segregated isopen- 
tane. 

Natural Gasoline.-—Breakdown by various 
Reid vapor pressure classifications indicated. 

Plant Condensate.—Includes those liq- 
uids mostly pentanes and heavier, re- 
covered and separated at raw natural gas 
inlet separators and scrubbers. 

Gasoline.—Includes all products within 
the gasoline range for shipment as motor 
fuel. 

Special Naphtha.—Includes all hexanes 
and heptanes. 

Jet Fuel.—Includes all aviation turbine 
engine fuel for both military (JP-4 and 
JP-5) and commercial use. 

Kerosine.—Includes all grades of kerosine 
or range oil. 

Distillate Fuel Oil.—Includes all light 
oil for shipment as fuel, including diesel 
fuel oil. 

Other Products.—All products not other- 
wise classified. 

Recovery of finished petroleum products 
defined on the first page of this chapter is 
small in terms of volume and values; only 
1.5 percent of the yield at natural gas 
processing plants and less than 2.5 percent 
of the value. 

These finished small quantities of petro- 
leum products, such as gasoline, naphthas, 
kerosine, distillate fuel oil and jet fuel, 
lose identity as “natural gas liquids” by 
being absorbed into the supply stream. 
But information on production and on 
stocks is available in the Minerals Year- 
book Chapter, “Crude Petroleum and Pe- 
troleum Products,” in the table captioned 
“Salient Statistics of the major refined 
products in the United States.” Also, these 
data are identified as to origin, such as “at 
refineries or at gas processing plants,” in 
table 2 of the Monthly Petroleum State- 
ment, a Mineral Industry Survey published 
regularly by the Bureau of Mines. 

Districts.—Production of natural gas liq- 
uids is reported by States, although data 
for Louisiana and T'exas are also reported 
by districts. 

Louisiana is divided into an Inland dis- 
trict and a Gulf Coast district. The Gulf 
Coast district includes Veron, Rapides, 
Avoyelles, Pointe Coupee, West Feliciana, 
East Feliciana, Tangipahoa, St. Helena, 
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and Washington Parishes and all parishes 
in the State south of these. All parishes 
not included in the Gulf Coast district are 
in the Inland district. 

The Bureau of Mines producing districts 
in Texas correspond, with one exception, 
to grouping of the Texas Railroad Com- 
mission districts: 


Railroad 
Bureau of Mines Commission 
districts districts 
Gulf Coast Nos. 2 and 3 
West Texas Nos. 7C, 8, and 8A. 
East Proper Part of No. 6 (East 
Texas field in Cherokee, 
Smith, Upshur, Rusk, 
and Gregg Counties). 
Panhandle ..........-- No. 10. 
Rest of State: 
North. _-... .. Nos. 7B and 9. 
Central. No. 1 


hol No. 4. 
5 and 6 (exclusive 
of East Proper). 


Refineries are also grouped by the Bureau 
of Mines into a set of refining districts. 
These refining districts may be combined 
to correspond with the Petroleum Admin- 
istration for Defense districts. 


PAD 
district Refining districts 

East Coast—District of Columbia, Maine, 
New Hampshire, Vermont, Massachusetts, Rhode 
Island, Connecticut, New Jersey, Delaware, 
Maryland, Virginia, North Carolina, South 
Carolina, Georgia, Florida, the following coun- 
ties of Pennsylvania: Bradford, Sullivan, Colum- 
bia, Montour, Northumberland, Dauphin, York 
and all counties east thereof. 

I—Appalachian No. 1—West Virginia and 
those parts of Pennsylvania and New York not 
included in the East Coast district. 

W—Appalachian No. 2—The following 
counties of Ohio: Erie, Huron, Crawford, Mar- 
ion, Delaware, Franklin, Pickaway, Ross, Pike, 
Scioto, and all counties east thereof. 

II—Indiana-Illinois-Kentucky—1lndiana, Il- 
linois, Kentucky, Tennessee, Michigan, and that 
part of Ohio not included in the Appalachian 
district. 

II—Oklahoma-Kansas-Missouri — Oklaho- 
ma, Kansas, Missouri, Nebraska, and Iowa. 

II—M innesota - Wisconsin - North Dakota - 
South Dakota—Minnesota, Wisconsin, North 
Dakota, and South Dakota. 

III—Texas Inland—Texas, 
Gulf Coast district. 

III—Texas Gulf Coast—The following coun- 
ties of Texas: Newton, Orange, Jefferson, Jas- 
per, Tyler, Hardin, Liberty, Chambers, Polk, 
San Jacinto, Montgomery, Galveston, Waller, 
Fort Bend, Brazoria, Wharton, Harris, Mata- 
gorda, Jackson, Victoria, Calhoun, Refugio, 
Aransas, San Patricio, Nueces, Kleberg, Kenedy, 
Willacy, and Cameron. 


except Texas 
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PAD 

district Refining districts 

III—Louisiana Gulf Coast—The following 
parishes of Louisiana: Vernon, Rapides, Avo- 
yelles, Pointe Coupee, West Feliciana, East 
Feliciana, Tangipahoa, St. Helena, Washington, 
and all parishes south thereof; the following 
counties of Mississippi: Pearl River, Stone, 
George Hancock, Harrison, and Jackson; and 
Mobil and Baldwin Counties, Alabama. 

1III—North Louisiana-Arkansas—Arkansas 
and those parts of Louisiana, Mississippi, and 
Alabama not included in the Louisiana Gulf 
Coast District. 


III—New Mexico—New Mexico. 


IV—Rocky | Mountains—Montana, 
Wyoming, Utah, and Colorado. 

V— West Coast — Washington, Oregon, 
California, Nevada, Alaska, Arizona, and Hawaii. 


Idaho, 


DOMESTIC 


Growth in the production of natural gas, 
coupled with a continued rise in ethylene 
production, resulted in further increases in 
the recovery of natural gas liquids in 1970. 
Production in the United States of natural 
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Some data in the chapter are based on 
the Bureau of Mines refining districts, and 
others refer to the PAD districts. Maps 
showing the PAD and Bureau of Mines re- 
fining districts appear in figure 2 of the 
Crude Petroleum and Petroleum Products 
chapter of this volume. 


Legislation and Government Programs. 
—The Oil Import Administration (see bul- 
letin 6) in the Code of Federal Regula- 
tions, title 32A—chapter 10, provided that 
on and after October 1, 1970, ethane, pro- 
pane, and butane produced in the Western 
Hemisphere, from Western Hemisphere 
crude or gas, may be imported into the 
United States, without being subject to im- 
port quotas. 


PRODUCTION 


gas liquids at natural gas processing plants, 
totaled 605.9 million barrels in 1970, a 
4.4-percent increase over 1969 production 
(as shown in table 2). 

The chart (figure 2) illustrates the rela- 
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Figure 1.—Production of natural gas liquids in the United States. 
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tion rose to 161.3 million barrels, an in- 
crease of 4.4 percent over that of 1969. 


(See table 4.) 


of the 


principal components of natural gas liq- 


percentagewise, 


importance, 


tive 


uids. As shown in figure 2, the LP gases 


account for more than half, 54 percent 


processing 


Ethane production at gas 
plants amounted to 12 percent of the nat- 


of 


ural gas liquids volume and in 1970 aggre- 


natural gas liquids, and production at 
natural gas processing plants increased to 


percent greater than that in 1969 (table 
Ethane production has been growing at 


gated 73.4 million barrels, a volume 16.5 
2). 


percent more than in 1969. Propane pro- 


326.2 million barrels in 1970, or about 3.4 
duction totaled 202.5 million barrels for a 


other seg- 


a rate of 13.9 percent annually since 1960. 


This is a faster rate than any 


3.6-percent rise. Production of the butanes 


totaled 123.7 million barrels 
2.9 percent. In 1970 propane accounted for 


an increase of 


, 


ment of the natural gas liquids group. This 
growth is readily understandable because 


ethylene productive capacity has been ex- 


the 


butanes and butane propane mixtures, 38 


, 


62 percent of the LP gases produced; 


foot of gas processed has increased impres- 


production. Also, ethane recovery per cubic 
sively. 


panding markedly, along with natural gas 


During 1970, produc- 


H 
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as shown in table 3. 
Natural gasolines made up 27 percent of 


percent, 
natural gas liquids 
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Figure 2.— The relative importance of natural gas 1 
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CONSUMPTION AND USES 


The volume of natural gas liquids 
shipped to refineries for blending and 
processing increased in 1970 to 278.3 mil- 
lion barrels, or about 5 percent above the 
1969 levels (as shown in table 5). Included 
in the natural gas liquids-for-blending cat- 
egory are natural gasoline, LP gas, and 
condensate. Condensate used at refineries 
for blending purposes declined to 32.0 mil- 
lion barrels, a volume 7 percent below 
shipments to refineries in 1969. Refinery 
inputs of LP gas increased in 1970, in the 
use of isobutane and the butane-propane 
mixes. 

Nearly six out of each 10 barrels of 
blending materials used at refineries in 
1970 was natural gasoline. During the year, 
160.3 million barrels were used by refiners, 
as indicated in the tabulation below: 


1969 1970 Percent 

change 
Natural gasoline.... 153,698 160,316 +4.3 
Plant condensate... 34,427 32,012 —7.0 
LP gases 72,764 80,307 +10.4 
Total. 260,889 272, 635 ＋ 4.5 


Data on the production, shipments, and 
stocks at natural gas processing plants is 
shown by month, in table 2. Also shown in 
this table are data on 9.3 million barrels 
of finished petroleum products; 59 percent 
of this segment consists of motor gasoline. 
Production, shipments, and stocks at proc- 
essing plants of jet fuel, distillate fuel oil, 
kerosine, and special naphthas as well as 
gasoline are also shown in table 2. 

Excluding use at refineries, domestic de- 
mand for butane and propane for fuels 
and chemicals and ethane for chemicals 
aggregated 325.4 million barrels, or slightly 
below use in 1969. The use of propane 
and butane for chemical manufacture de- 
clined as prices stiffened, but ethane, 
which is more attractive from a cost stand- 
point, soon filled the supply gap as shown 
in the following table: 


Increase 
1969 1970 —————— 
Volume Percent 
Ethane........ 63.1 74.3 +11.2 +17.7 
Propane....... 209.7 200.8 —8.9 —4.2 
Butane........ 53.4 50.3 —3.1 —5.8 
Total... 326.2 325.4 —0.8 —0. 


Ethane is used primarily as the feedstock 
for which ethylene is produced. Between 
1960 and 1970, the recovery of ethane from 


natural gas at gas processing plants has 
grown from 14,575,000 million barrels per 
year to 73.4 million in 1970, a growth rate 
for the decade of 13.9 percent. According 
to the United States Tariff Commission, at 
the same time, ethylene production from 
all sources has increased from 5,860 million 
pounds in 1960 to more than 18,500 mil- 
lion in 1970. 

A general slowdown in business, a 
milder winter in 1969—70, and decreased 
use of propane as a petrochemical feed- 
stock for ethylene manufacture resulted in 
propane sales decreasing from 293.8 million 
in 1969 to 282.3 million barrels in 1970, or 
nearly 4 percent, as shown in table 7. In 
addition to ethane, propane is used ex- 
tensively as a raw material to obtain ethy- 
lene, propylene, acetylene chemicals, and 
other chemicals. 

Sales of LP gases for residential and 
commercial use receded from 182.8 million 
barrels in 1969 to 180.2 million in 1970, or 
about 1 percent. 

Residential and commercial use (shown 
in table 7) includes private households and 
nonmanufacturing organizations such as re- 
tail stores, restaurants, hotels, and service 
companies. The category includes space 
heating, water heating, and cooking and 
accounts for six out of every 10 barrels of 
propane consumed. In terms of LP gas use, 
propane accounts for 92 percent of LP gas 
shipments for residential and commercial 
use. Detailed data on shipments of LP gas 
by end use in 1970 are available in the 
Bureau of Mines Mineral Industry Survey, 
"Sales of Liquefied Petroleum Gases and 
Ethane in 1970." 

Sales of LP gas for use in internal com- 
bustion engines declined from a high of 
34.9 billion barrels in 1969 to 31.8 million 
in 1970, or nearly 9 percent. 

In the butanes category, demand for iso- 
butane, similar to 1969, was in strong de- 
mand in 1970. Production at gas processing 
plants and refineries totaled 32.3 million 
barrels, an increase of 12.8 percent (see 
table 1). Demand in gasoline manufacture, 
for chemicals such as butadiene, exceeded 
production. As a result, by the end of 
1970, stocks of isobutane had dropped to 
5.6 million barrels, or 8 percent. The prin- 
cipal use of the butanes—both normal and 
isobutane—is for gasoline blending. Some 
refining processes such as hydrocracking, 
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yield propane, normal butane, and isobu- 
tane. Hence, as capacity for hydrocracking 
expands, so will output of LP gases at pe- 
troleum refineries. Between the end of 
1964 and 1970, hydrocracking capacity has 
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expanded from 105,550 barrels per day to 
731,505 barrels per day, a growth rate of 
38 percent according to the annual refin- 
ing capacity surveys of the Oil and Gas 
Journal. 


RESERVES 


The downtrend in well drilling resumed 
in 1970 after a brief respite in 1969. With- 
drawals of natural gas exceeded, by a wide 
margin, additions to proved natural gas re- 
serves. As a result, reserves decreased. Like- 
wise, proved reserves of natural gas liquids 
at the end of 1970 totaled 7,702,941,000 
barrels, which was 440.2 million barrels, or 
5.4 percent below the 1969 level, as indi- 
cated in table 9. 

Estimates by the American Gas Associa- 
tion (AGA) Committee on Natural Gas 
Reserves indicated that declines in the 


PRODUCTIVE 


The AGA Committee on Natural Gas 
Reserves estimated that the productive ca- 
pacity of natural gas liquids in the United 
States was 3,105,000 barrels per day at the 
end of 1970. This estimate, about 56,000 
barrels per day less than in 1969, reflects 
declines in the productive capacities of 
Oklahoma and Texas, which more than 
offset the increases in the capacities of 
Kansas and Louisiana. The productive ca- 
pacities of natural gas liquids in 20 States 
are shown in table 10. 


The productive capacity of natural gas 
liquids is defined as the amount of hydro- 
carbon liquids that would be produced 
coincidental with the estimated productive 
capacity of natural gas. At the same time, 
it should be recognized that these esti- 
mates, which are based on the unit recov- 
eries of natural gas at normal producing 
rates, are purely theoretical. There are two 
reasons for this: First, the estimates relate 
to increased production of gas from oil 
and gas wells operating at their productive 
capacities. (Actually, many wells are oper- 
ating at rates below these capacities be- 
cause of the absence of surface facilities.) 
Secondly, State production regulations 


proved reserves of 16 States, including Cal- 
ifornia, Louisiana, and Texas, more than 
offset increases in Alabama, Kansas, Michi- 
gan, Mississippi, West Virginia, and Wyo- 
ming. It should be noted that, for the first 
time, the AGA included, in estimates for 
1970, natural gas reserves for the Prudhoe 
Bay Permo Triassic reservoir (North 
Slope) in Alaska. These estimates were for 
associated-dissolved gas reserves but no ac- 
companying natural gas liquids reserves 
were attributed in the North Slope discov- 
eries in the 1970 report. 


CAPACITY 


may be a restrictive factor not taken into 
account when the estimates are made. 

Capacity of natural gas processing plants 
has expanded markedly over the past 6 
years. Between 1964 and 1970, for example, 
the capacity of gas processing plants has 
grown from 55.7 billion cubic feet per day 
to 742 billion, an average annual growth 
rate of 4.9 percent. According to the an- 
nual survey of the Oil and Gas Journal, 
between 1969 and 1970 capacity increased 
6.3 billion cubic feet per day, or 9.2 per- 
cent. 

Nearly all this growth occurred in 
Alaska, Colorado, Mississippi, Utah, Louisi- 
ana and, to a lesser extent, in Wyoming, 
Florida, Oklahoma, New Mexico, and Kan- 
sas. Conversely, there have been decreases 
in the volumes of natural gas processed in 
Arkansas, California, Michigan, Montana, 
Nebraska, North Dakota, Pennsylvania, 
Texas, and West Virginia. Comparisons of 
operating capacities as of the end of 1964 
and of 1970, are as follows in billions of 
cubic feet: 


1964 1970 Percent 

change 
Number of plants. 839 833 —0.7 
Capacity 55.7 74.2 +33.2 
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STOCKS 


Stocks at gas processing plants and refin- 
eries of liquefied petroleum gas, exclusive 
of ethane, increased from 57.4 million bar- 
rels at the end of 1969 to 65.7 million by 
the end of 1970, an increase of 8.3 million, 
or 14 percent. Most of the change, as indi- 
cated in table 1, occurred in propane 
where stocks increased 8.6 million barrels 
or 25 percent. The combined stocks of the 
butanes, both normal and isobutane, which 
aggregated 22.2 million barrels at yearend 
1969, had been reduced about 747,000 bar- 


rels, or 3.4 percent, by the end of 1970 
(see table 1). 

As a result of a mild winter and a gen- 
eral slowdown in business, inventories of 
propane have built up to record highs. 
Stocks of isobutane at matural gas process- 
ing plants declined from 6,854,000 barrels 
in 1969 to 5,355,000 barrels at the end of 
1970 because demands for chemical use 
and refinery use were greater than produc- 
tion. 


PRICES AND VALUE 


The value per barrel of natural gas liq- 
uids increased markedly in 1970 as a 
sharp rise in prices of LP gases more than 
offset a decrease in the prices of natural 
gasoline, gasoline, naphthas, and other 
products. The overall price of the five seg- 
ments in the natural gas liquids category 
rose from $1.90 per barrel to $2.10, or 10.5 
percent. The sharpest increase occurred in 
LP gases and ethane, as indicated in table 
12. The volumes of LP gases and ethane 
expanded 5.6 percent and the aggregate 
value of production gained 34.7 percent, 
resulting in a 27.3-percent increase in the 
unit value of LP gases and ethane. 

Since there is no spot market for ethane, 
most of price increase occurred in the LP 
gases. Propane prices, for example, rose 
sharply. The Oklahoma price of propane 
averaged 5.58 cents per gallon, which was 
1.66 cents above the 1969 average, as 
shown in table 14. As shown in the follow- 
ing tabulation, the average prices paid by 
farmers in the United States in 1970 aver- 
aged 14.7 cents per gallon, but this num- 


The following prices paid by U.S. farmers 
for LP gas apply to tank cars and transport 
trucks. 


Farms Average 
Division using price per 
LP gas gallon 
(thousands) (cents) 
New England 13 21.5 
Middle Atlantic 46 19.6 
East north-central______ 237 15.7 
West north- central 408 13.6 
South Atlantic 160 18.5 
East south-central______ 188 17.6 
West south-central...... 292 12.6 
Mountain 60 14.3 
acific.. _ _. 36 18.5 
Total United States 1,440 14.7 


Source: Annual Summer Survey, Crop Reporting 
Board, Statistical Reporting Service, U.S. Depart- 
ment of Agriculture. 


ber conceals the broad range of prices. 
About half of the farms in the United 
States use LP gas. Thirteen thousand 
farms in New England used LP gas; the 
average price paid was 21.5 cents per gal- 
lon. At the other end of the spectrum, the 
average price paid at 408,000 farms in the 
west north-central region was 13.6 cents. 
Sales of ethane are usually made under 
long-term contracts and therefore, ethane 
prices do not fluctuate as widely and as 
frequently as propane and butane prices. 


FOREIGN TRADE 


Some 8.5 million barrels of the total LP 
gases exported were destined for Mexico, 
and most of these volumes were made up 
of butane-propane mixtures, as indicated 
in table 15. The total volume exported de- 
creased from 12.8 million to less than 10 
million barrels. 

The volume of LP gas imported into the 
United States exceeded exports in 1970. 


Most of butane and propane imported 
(93.6 percent) originated in Canada. In 
addition, about 900,000 barrels of LP gases 
were imported from Venezuela. Imports in 
1970 amounted to more than 19 million 
barrels, which was about 6.5 million bar- 
rels more than in 1969, as shown in table 
1. Butane imports accounted for 9.7 million 
barrels; propane accounted for 9.5 million. 
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TECHNOLOGICAL 


Ethane recovery has increased impres- 
sively over the past decade—from 63 gal- 
lons of ethane per million cubic feet of 
natural gas processed in the early 1960's to 
about 150 gallons of ethane recovered per 
million cubic feet of processed gas at the 
end of the decade. 

Another important development is the 
increase production at refineries of LP 
gases. Production of propane, particularly, 
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DEVELOPMENTS 


has nearly doubled; from 120,000 barrels 
per day in 1960 to 229,000 barrels per day 
in 1970. An even greater proportion of 
propane and butanes produced at refineries 
can be expected over the longer term as 
hydrocracking capacity continues to ex- 
pand. Among the end-products of the hy- 
drocracking processes are propane and the 
butanes. 
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Table 4.—Production of natural gasoline by vapor pressure and PAD districts 
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in the United States in 1970 
(Thousand barrels) 


Reid vapor pressure District District District District District Total 
I II 111 IV V 
12 pounds and less 629 2,240 61,971 1,185 161 66,186 
Over 12 pounds including 14 pounds 893 5,718 15,938 826 167 23,042 
Over 14 pounds including 18 pounds 6,840 6,965 731 178 14,714 
Over 18 pounds including 22 pounds 18 79 7956 | . . 1,774 2,666 
Over 22 pounds including 26 pounds 1,467 13,363 166 1,638 16,634 
Over 26 pounds 11 5,325 24,346 755 7,595 38,032 
TOG Lees eae 8 1,051 21,669 123, 378 3, 663 11,513 161,274 
Table 5.—Liquefied refinery gases and ethane produced at refineries 
for fuel and chemical use in 1970 
(Thousand barrels) 
States and Butane- 
PAD districts Ethane Propane Butane propane Total 
mixture 
District 1: 
N cacon. ---.-.-.-.-.-- 4,752 1,344 — 6,096 
Pennsylvania. ...-----.---------- --------- 6,849 18388 7,085 
Other States --------- 3,229 5555 C 3,754 
% ³ĩðV/ſ ³ð2A ³ A Goes 14, 830 2,0555 16, 885 
District II: 
Illi. ⁵ðV5 ³ é Aere 6, 623 39900 8 7,013 
II eBusiness 1,311 337 1,638 
A A end dede eww M 816 8,667 143 13 4,139 
Kentucky... -------------------- --------- 1,197 88 1,270 
Michiga ns 1. 357 83 2 1,442 
Other States 2 1, 600 65 254 1,919 
Hör ] ¾AaA ³¹ꝛ¹ꝛ³ Pasas rer. whee ee 4,430 
GAG ³ A “pasa 3,325 572 1,055 4,952 
| Totül casts suec Lu Ud 316 23,510 1,653 1,324 26,803 
District III: 
Alabama and Mississippi.  ......... 1,564 5 39 1,608 
r ß estem 659 72 6 737 
Louisiana 
G/ͤ»% um a uu iS 8,130 13,266 2,693 3,448 22,537 
IS (; ³ / AAA 8 115 107 30 252 
Ml ³· A AA 3,130 13,381 2,800 3,478 22,789 
New Mexic ooo 191 47 296 534 
Texas: 
!! es nd sea eens 5,283 18,386 11,436 1,863 36,968 
West sat ence b ,107 6433 . . . . se 1,752 
Daftines scores H— “deta 263 "v ES 290 
Pan handle 102 941 499 es ee 1,542 
Other ociosos e aa 121 AG. anna ewes 167 
Totoral 5,385 20,818 12,653 1,863 40,719 
Pe! urus ace 8,515 36,613 15,577 5,682 66,387 
District IV: 
E eer A 127 200: J. e 827 
Montana... consi esa ¡a 464 31 55 550 
[A A 8 487 EE 514 
Hl, nba 220 678 2 900 
TOTAL pu a a 1,298 936 57 2,291 
Distrietſt,t,tt 629 7,248 3,507 2,237 13,621 
Total United States. 9,460 88 , 499 323,728 9,300 125,987 


1 Includes Delaware, New York, Virginia, and West Virginia. 
2 Includes Minnesota, Missouri, Nebraska, North Dakota, Tennessee, and Wisconsin. 
3 Includes 1,521,000 barrels of isobutane used for petrochemical feedstock. 
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Table 7.—Sales of liquefied petroleum gases and ethane in the United States, 1966-1970 


(Thousand barrels) 
1966 1967 1968 1969 1970 
United States, total..................- 1 400,258 422,337 468,156 531,175 537,628 
LN A 8,171 9,262 10,608 212,783 29,955 
For use in gasoline production 68,4083 68,643 72,652 72,764 80,307 
For all other uses 323, 685 344, 432 384, 896 445, 628 447,361 
By type: E 
thane.................- 36,776 44,069 55,152 72,216 89,757 
Prop ane 195,701 226, 506 256,810 293,810 282, 250 
Butane.................- 40,230 43,920 44,601 50,170 52,566 
Butane-propane mixture... 50,977 29,937 28,333 29,431 28,788 
By principal use: 
Residential and com- 

mercial................ 135,277 148,139 159 ,955 182,306 180,207 
Internal-combustion. ..... 28,893 27,435 29,250 34,931 31,806 
Industrial g 15,375 15,121 19, 235 22, 585 21,360 
Utility gas 2, 603 2,800 4,076 4,359 5,052 
Chemical...............- 121,334 129,620 148,811 178,265 184,049 
Synthetic rubber 17,483 18,006 18,463 18,025 18,825 

Secondary recovery of 
petroleum 709 1,093 1,593 577 631 
Miscellaneous 2,011 2,718 3,512 4,580 5,431 


1 Data does not add to total shown because of independent roundings. 
2 Includes shipments to territories. 
3 Includes refinery fuel. 


Table 8.—Refinery input of LP gas, by product and PAD districts, 
in the United States, 1968-1970 


(Thousand barrels) 


Item District District District District District Total 
I II III IV v 
1968 
PrODABGO 25.222002 A 3 575 10 . 999 1,587 
Butane l... .----------- 1,992 14,322 17 , 882 2,097 5,203 41,496 
Isobutane..............- 92 4,715 20,418 434 1,349 27,068 
Butane-propane mik 1,792 35 403 271 2,501 
Total LP gas 2,084 20,892 38,910 2,944 7, 822 72, 652 
1969 
Prop ane 9 2 681 15 925 1,632 
Butane . . . . - 2,878 13,501 18,316 2,526 3,622 40,343 
Isobutane..............- 71 5,694 18,988 504 2,519 27,776 
Butane-propane mi. 1,996 287 494 286 8,018 
Total LP gas. ` 2,458 21,193 38,222 3,539 7,352 72,764 
1970 
Foppe EE 50 580 9 867 1,506 
Normal butane........... 690 8,668 16,479 1,028 437 21,297 
Other butanes............ 1,200 6,234 2,895 1,230 8,138 14,697 
Isobutane.............-- 277 9,244 20,686 911 1,181 32,299 
Butane-propane mix...... ........- 1,548 2,296 889 275 4,508 
Total LP gas 2,167 25,744 42,936 3,562 5,898 80,307 


1 “Normal Butane” and “Other Butanes” reported separately for 1970. 
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Table 9.—Estimated proved reserves of natural gas liquids in the United States 
(Thousand barrels) 


Changes in reserves during 1970 Reserves as of Dec. 31, 1970 

Reserve ya D — Y —— s— T — H. (5: 
State as of Exten- Discoveries Pre- Non- 
Dec. 31, sions and of new liminary associated Associated- Total 
1969 revisions! fields and net with oil dissolved 
new pools production 
Alabama 7,133 9,509 5,000 182 20,844 616 21,460 
Alaska 2 38 — Lass «Lies 638 335 335 
Arkansas 13,161 1,460 104 2,453 7,587 4,685 12,272 
California 93 185,932 2,9112 18,660 6,306 163,878 170,184 
Colorado 19,925 234 238 1,601 6, 588 12,208 18,796 
Illinois 1,472 (111) 5 281 1,132 1,135 
Indaagasgggggssss 1 — Lu; dis 

Kansas 269, 261 44,667 115 19,970 286,792 7,281 294,073 
Kentucky.......... 48,983 326 2,112 3,413 48,008 | ....... 48,008 
Louisiana 2 2,570,298 127,419 119,692 250,429 2,136,591 430,389 2,566,980 

Michigan 4,056 2,612 4,396 1,161 5,437 ; 9, 
Mississippi 20,045 (2,386) 7,040 2,048 12,068 10,583 22,651 
Montana 9,811 (13) 1,249 1,401 7,218 8,619 
Nebraska 2,268 80 484 945 91 1, 864 
New Mexico 599, „675 5,705 1,809 48,613 357,019 201,557 558 , 576 
Bu Dakota 51, 64k À... 2,347 49,257 49,257 
p mot MEE ús, A ðß ] ̃ ⁰ ß “Betas 
Oklahoma. ------.-- 465,694 (72,818) 5,477 39 , 750 233 , 464 125,139 358 , 603 
Pennsylvania OT4d- Casas Hama 78 896 ......... 896 
Texas 333. 3,651,939 (7,528) 21,520 335,772 1,859,513 1,470,646 3,330,159 

Ute AAA 38,789 (168) ` ...... 2,331 1,123 85,167 : 
West Virginia 81,234 1,015. . 2222 6,742 81,57 81,507 
Wyoming 100,412 20,351 805 10,229 44,839 66,500 111, 339 
Total a 143,174 139,186 168,393 747,812 5,110,939 2,592,002 7,702, 941 


1 Parenthesis denote decrease. 

2 Natural Gas Liquids reserves for the Prudhoe Bay-Triassic reservoir are not included because the American 
Gas Association Reserves Committee did not have sufficient data upon which it could base an estimate of such 
reserves as of Dec. 31, 1970. 

3 Includes offshore reserves. 

Note: The remaining proved natural gas liquids reserves in the Gulf of Mexico are estimated to be 921,569,000 
barrels; of which 801,886,000 barrels are nonassociated and 119,683,000 barrels are associated-dissolved. 


Source: Committee on Natural Gas Reserves, American Gas Association. 


Table 10.—Estimated productive capacity of natural gas liquids in the United States, 
December 31, 1970 


(Thousand barrels per day) 


Productive capacity Productive capacity 
State Non- Associ- State Non- Associ- 
associ- ated or Total associ- ated or Total 

ated dissolved ated dissolved 
Alabama.......... 6 1 7 Montana 1 8 4 
AAS hae. | Gaia 1 1 Nebraska 1 1 2 
Arkansas 5 4 9 New Mexico 92 102 194 
California 3 60 63 North Dakota.... 7 7 
Colorado 2 3 5 Oklahoma 145 64 209 
e ia 1 1 Texas ......... 853 538 1,391 
Kansas.. 175 7 182 Utah............. 1 7 
Kentucky. ........ IO agdas: 10 West Virginia 19-. uu 19 
Louisiana.......... 830 117 947 Wyoming 19 16 35 
Michigan 2 2 4 — .9—ͤã —— 
Mississippi 3 4 7 Total. ..... 2,167 938 3,105 


! Includes offshore. 


Source: Committee on Natural Gas Reserves, American Gas Association. 
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Table 11.—Stocks of natural gas liquids and ethane in the United States 


(Thousand barrels) 
LP Natural Other finished 
gases and gasoline and products and Total 
ethane isopentane plant condensate at 
—— F — — plants Total Grand 
Date At At At and at re- total 


plants At re- plants Atre- plants At re- ter- fineries 
and fineries and fineries and fineries minals 


ter- ter- ter- 
minals minals minals 

Dec. 31 
4999s Á— À—— Ü 94,610 587 2,678 1,300 950 303 38,283 2,190 40,428 
19 8 58, 685 555 2,669 2,077 1,615 141 62,969 2,778 65,742 
19889 71,140 647 2,628 1,860 1,528 137 75,296 2,644 77,940 
„ S Cer TENER 53,981 571 3,968 1,557 1,203 282 58,552 2,860 60,912 
Jan. EA 38,362 674 3,358 1,510 1,308 182 48,028 2,366 45,389 
Feb. 28. 33,097 625 3,285 1,676 1,031 342 37,413 ; 40,056 
Mar. 31............- 88,176 659 3,475 1,887 893 350 37,544 2,846 40,390 
Apr. 30 38,357 613 3,565 1,960 965 480 42,887 3,053 45,940 
ay gl... 48 , 027 657 3,709 2,866 1,165 499 52,901 3,462 56,863 
June 30 56,396 728 4,108 2,810 1,230 369 61,734 3,402 65,136 
ee 62,773 629 4,868 2,196 1,176 551 68,317 3,875 71,692 
Aug.31............. 68,730 1,003 4,529 1,969 1,192 534 74,451 3,506 77,957 
Sept. 30 72,743 996 4,699 1,801 1,275 435 78,717 3,232 81,949 
Oct. g ˖11XI1lIli. 72,087 853 4,472 „435 1,224 411 77,788 2,699 80,482 
Nov; 80. 67,395 851 4,561 1,479 1,211 337 78,167 2,667 75,834 
Dec. 11. 160,595 794 4,823 1,765 1,074 451 65,992 3,010 69,002 


1 Includes 48,244,000 barrels in underground storage. 


Table 12.—Values and volumes of natural gas liquids and ethane 
produced in the United States 


Thousand barrels Thousand dollars Dollars per 
Percent Percent barrel Percent 
— —— change — P y change —————————- change 
1969 1970 1969 1970 1969 1970 


LP gases and ethane__ 378,457 399,611 75.6 498 ,927 672,088 +34.7 1.82 1.68 +27.3 
Natural gasoline and 


isopentane......... 157,929 165,139 +4.6 457,986 468,602 +2.3 2.90 2.84 —2.1 
Plant condensate `. 34,188 31,972 —6.8 105,863 101,723 —3.9 3.10 3.18 +2.6 
Finished gasoline and 

naphthas.......... 8,917 5,731  —85.7 36,954 23,234 -37.1 4.14 4.05 —2.2 
Other products....... 805 8,468 ...... 2,281 9,465 ...... 2.83 2.78 —3.5 


Total......... 580,241 605,916 +4.4 1,102,011 1,215,112 +15.7 1.90 2.10 +10.5 
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Table 14.—Average monthly prices, liquefied petroleum gas (propane) in the 
United States 1 


(Cents per gallon) 


Jan. Feb. Mar. Apr. May June July 
New York harbor and 
Philadelphia: ? 
1969___._...... A 7.25 7.25 7.25 6.96 6.75 6.75 6.75 
A ee 7.90 8.00 8.00 8.00 8.00 8.02 8.50 
Oklahoma: 
19699. 4.25 4.25 4.25 3.63 3.25 3.25 3.25 
1970 NCC 4. 95 5.22 5.25 5.25 5.25 5.25 5.25 
Baton Rouge 
Lu GE 4.75 4.75 4.75 4.13 3.75 3.75 8.75 
KL: vi | AI A AO 5.45 5.72 5.75 5.75 5.75 5.75 5.75 
Aug. Sept. Oct. Nov. Dec. Average for year 
New York harbor and 
Philadelphia: 2 
1999 Eme 6.75 6.78 7.50 7.54 7.50 7.09 
/ ²⁰¹wm 8. 56 8.98 9.00 9.00 9.00 8.41 
Oklahoma 
1969.. -2-2-2-2 3.25 4.07 4.25 4.53 4.75 3.92 
1970 AAA AA, 5.59 6.22 6.25 6.25 6.25 5.58 
Baton Rouge: 
1999 «gd 3. 75 4.57 4.75 4.97 5. 25 4.41 
19170 WEE 5.96 6.70 6.73 6.73 6.78 6.06 


1 Producers’ net contract prices (after some discounts and summer-fill allowances) for propane, tank cars/ 
transport trucks. 


2 Prior to 1969, New York and Philadelphia listed separately. See 1968 Platt’s Oil Price Handbook, 45th 
edition, for separate listings 1964-68. 


Source: Platt’s Oil Price Handbook. 


Table 15.—LP gases 1 exported from the United States, by countries 
(Thousand barrels and thousand dollars) 


1969 1970 
Country Butane- Butane- 
Butane Propane propane Total Butane Propane propane Total 
mixtures mixtures 
Argentina 766 131 27 924 59 60 (2) 119 
Bahamas.............-.- (2) 86 (2) 86 2 76 1 79 
Belgium- Luxembourg 6 27 27 G 31 31 
Brazil... Jeet ex Olt) sui 8 617 A (2) 
Canada IN 566 19 253 838 159 16 125 300 
Chil@ 22.22.0523 oca gis (2 . | ....- 29 A puto 
Fran cee 13 (3) ------ 13 (2) 31 (2) 31 
Guatemala... 3 11 5 19 2 4 26 32 
AN ee UE 509 514 50 512 
Mexico 171 889 6,937 7,997 1,419 1,150 5,939 8,508 
Print. 7 Y üü» (( iste (2) (2) 
IN L: eoo ee C» 931 37 (2) / Lia” sebane muss 
United Kingdom 698 1 701 (2) 293 (2) 293 
Ee 5 13 14 32 6 11 9 26 
Peta! 3,082 2,400 7,300 212,782 1,649 2,149 6,134 39,932 
Total value — $7,080 $7,071 $20, 196 234 297 $4,858 757,770 $19,046 $31,674 


1 Data include LR gases. 
2 Less than 1⁄4 unit. 
3 Excludes shipments to territories. 


Nickel 


By Horace T. Reno 1 


The nickel industry made an exception- 
ally rapid recovery in 1970 from the severe 
nickel shortage caused by labor strikes at 
Canadian mines in 1969 and 5 years of im- 
balance between supply and demand. At 
the beginning of the year the shortage af- 
fected most of the nickel industry. Con- 
sumption was less than normal, the price 
of merchant and scrap nickel was substan- 
tially above the producer price, and both 
consumer and producer stocks were low. 
By March, U.S. consumption of nickel was 
back to prestrike levels, and the Depart- 
ment of Commerce lifted restrictions on 
the use of priority ratings for replacing 
nickel inventories. By the end of June, the 
industry was operating at normal prestrike 
levels. By the end of September, nickel 
supply apparently was meeting domestic 
demand. Consumer stocks were at prestrike 
levels, and the price of merchant and 
scrap nickel in domestic and foreign mar- 
kets was nominal. Nonetheless, at yearend it 
was not certain that all consumers were 
getting the nickel they needed. 


That pattern of 1970 nickel consumption 
in the United States reflected the tight 
mineral supply of 1969. The pent-up de- 
mand for nickel in electroplating uses and 
in corrosion-resistant alloys was shown in 
rapidly .increasing consumption in these 


categories. After the first peak in January, 
however, the monthly total of nickel con- 
sumed trended downward throughout the 
year. The International Nickel Co. of Can- 
ada, Ltd. (INCO), estimated free-world 
nickel consumption in 1970 at 985 million 
pounds, compared with 844 million pounds 
in 1969. Free-world production was 1,047 
million pounds. 

Legislation and Government Programs.— 
According to the July-December 1970 
Statistical Supplement Stockpile report to 
the Congress prepared by the General 
Services Administration, 64,258 short tons 
of nickel plus cobalt was in the defense 
materials inventory as of December 31, 
1970. Of this quantity, 48,780 short tons 
was in the strategic stockpile in storage or 
on loan; 1,220 tons was in the Defense 
Production Act (DPA) stocks; and 14,258 
tons was held in stock for the U.S. Mint. 
The stockpile objective at the end of the 
year was 55,000 tons. The Bureau of Do- 
mestic Commerce of the U.S. Department 
of Commerce progressively lowered the 
amount of primary nickel set aside for de- 
fense purposes, from 25 percent of the av- 
erage monthly producer shipments during 
the last 6 months of 1967 to 22 percent of 
the average monthly shipments in 1968. 


1 Physical scientist, Division of Ferrous Metals. 


Table 1.—Salient nickel statistics 


(Short tons) 


1966 1967 1968 1969 1970 

United States: I 

ine production 15,036 15,287 17,294 17,056 15,933 
Plant production: 

Primary. o ns rec tenis 13,237 14,615 15,154 15,616 15,319 
Sensen 26,777 20,731 14,061 18,775 23,159 
¡A eer . 26,387 31,537 33,681 34,758 31,456 
Imports for consumption- -------------- 141,000 143,000 147,950 129,332 156,252 
Consumption pcr 173,798 159,306 141,737 155,719 
Stocks Dec. 31: Consumer 288 31,007 27,466 16,590 24,757 
PIOS. oo e cents per pound 7745 -85 N 85 4 -94 94-103 103-128 128-133 
World: Production 454,457 494,835 547,960 532,537 685,186 
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DOMESTIC PRODUCTION 


The Hanna Mining Co. at Riddle, Oreg. 
was the sole producer of primary nickel in 
the United States. Byproduct nickel salts 
were produced at copper and other metal 
refineries; part of the byproduct nickel 


originated from scrap. Compared with 
1967-69, nickel exploration in the conti- 
nental United States and Alaska was not 
significant in 1970. 


Table 2.—Primary nickel produced in the United States 


(Short tons, nickel content) 


Byproduct of metal refining....................-- 
Domestic ore 


1966 1967 1968 1969 1970 
1,006 1,579 2,030 2,520 2,670 
12,231 13,036 13,124 13,096 12,649 


Table 3.—Nickel recovered from nonferrous scrap processed in the United States, 
by kind of scrap and form of recovery 


(Short tons) 
Kind of scrap 1969 1970 Form of recovery 1969 1970 
New scrap: 
Nickel-base.............. 2,170 1,634 As metall 1,514 982 
Copper- base 3, 486 4,742 In nickel- base alloys. ......... 2, 221 2,105 
Aluminum- base 630 585 In copper-base alloy s 6,746 7,342 
— In aluminum-base alloys...... 997 905 
Io! 6, 286 6,961 In ferrous and high-tempera- 
— ture alloys 11. 6, 965 11,612 
Old scrap: In chemical compounds 332 213 
Nickel-base.............. 11,331 15,385 — 
Copper- base 778 511 Total. 222mm 18,775 23,159 
Aluminum-base. __ 380 302 
lll. 12,489 16,198 
Grand total 18,775 23,159 


1 Includes only nonferrous nickel scrap added to ferrous and high-temperature alloys. 


CONSUMPTION AND USES 


For the first time since 1966 the pattern 
of domestic nickel consumption was not 
influenced during the year by an imbal- 
ance between supply and demand. By the 
end of January the nondefense industries, 
which had had shortages before, were well 
supplied with nickel, and their use of it 
increased accordingly. The most significant 
increase was in the electroplating industry, 
which had not been able to supplement its 
primary nickel supply with secondary ma- 
terials. . 


Because of differing interpretations of 
the term “superalloys” among consumers, 
1969 data on nickel usage in superalloys is 
not accurate. The problem is universal, 
and a committee of experts from the prin- 
cipal consumers is developing an improved 
definition to overcome it. The data re- 
ported to the Bureau are believed to be 
valid for indicating the trend in the use of 
nickel in superalloys. Reported consump- 
tion of superalloys in 1970 indicates a 9 
percent decrease from the 1969 level. 
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Table 4.—Stocks and consumption of new and old nickel scrap 
in the United States in 1970 


(Gross weight, short tons) 


Stocks, Consumption Stocks, 
Class of consumer and type of scrap beginning Receipts ——————————————————————— end of 
| of year New Old Total year 
Smelters and refiners: 
Unalloyed nickel 90 2,102 1,174 634 1,808 884 
Monel metall 756 2,818 278 2,228 2,506 1,068 
Nickel silver )).. 515 3,601 727 2,791 3,518 598 
Cupronickel ll. 51 498 | ...... 516 516 93 
Miscellaneous nickel-alloy s 10 3,134 30 3,114 3,144 . ...... 
Nickel residues 1,743 5,786 838 989 1,827 5,702 
Total: ĩ 2, 599 13,840 2,320 6,965 9,285 7,154 
Foundries and plants of other manufac- 
turers: 
Unalloyed nickel 7,071 24,591 6 12,154 12,160 19,502 
Monel mea 2- 34 101 28 82 110 25 
Nickel silver )) 2, 080 12,032 10,608 ...... | 10,603 1,429 
Cupronickel! ) 1,142 7,797 8,331 100 8,431 1,508 
Nickel residues 190 777 299 550 849 118 
Ke AMA amu y Zam zs 7,295 25,469 333 12,786 13,119 19,645 
Grand total: 
Unalloyed nickel 7,161 26,693 1,180 12,788 13,968 19,886 
Monel mea ----------------- 790 2,919 306 2,310 2,616 1,093 
Nickel silver )))). 2, 595 13,553 11,330 2,791 14,121 2,027 
Cupronickel . ................. 1,193 9,295 8,331 616 8,947 1,541 
Miscellaneous nickel alloys —— 10 3,134 30 3,114 3,144 . ...... 
Nickel residues 1,933 6,563 1,137 1,539 2,676 5,820 
¿AAA . wm. 9,894 39,309 2,653 19,751 22,404 26,799 


1 Excluded from totals because it is copper-base scrap, although containing considerable nickel. 


Table 5.—Nickel (exclusive of scrap) consumed in the United States, by form 
(Short tons) | 


Form 1966 1967 ! 1968 ! 1969 ! 1970 
Metalico 8 132,573 124,639 115,839 99,096 112,825 
Ferronickel.:......2.. ie Rule eroe eoe 29,674 25,228 15,170 17,804 15,230 
Oxide powder and oxide sinter. ............ 22,845 19,349 24,362 19,133 21,369 
A EE 2,741 4,582 3,935 2,647 3,792 
Other A aa ³ ³ / sacs OSARA 3,057 2,503 

Total; u papas A sees 187,833 173,798 159,306 141,737 155,719 


1 Metallic nickel salts consumed by plating industry are estimated. 
2 Figures do not cover all consumers for 1966. 


Table 6.—U.S. consumption of nickel (exclusive of scrap), by use and form, 1970 
(Short tons) 


Commer- Nickel 
cially Ferro- Nickel sulfate Other Total of 
Use pure nickel oxide and other forms figures 
unwrought nickel shown 
nickel salts 
Steel: 
Stainless and heat-resisting. ......- 19,603 7,913 13, 25353535 W 40,769 
Alloys (excludes stainless) 8,343 6,691 5801 — ess 39 20,874 
Superalloys.........................- 11,478 W 233 — 122 11,626 
Nickel-copper and copper-nickel alloys. ` 6, 309 W IBN ` Vx 227 6,554 
Permanent magnet alloy 2,430 W TJ ͤ A 2,430 
Other nickel and nickel alloys.......... 35,656 36 W W 87 35,779 
Cast 1FONS uo. usa s m 3,130 282 462 w 1,060 4,934 
Eleetroplat ing ) 21.024 10 W 3,423 93 24,550 
Chemicals and chemical uses 605 | ...... 172 198 W 975 
Other uses 4,247 298 1,637 171 875 7,228 
Total reported by companies 
canvassed and estimated 112,825 15,230 , 21,369 3,792 2,503 155,719 


W Withheld to avoid disclosing individual company confidential data; included in “Other uses.” 
1 Based on monthly estimated sales to platers. : 
2 Includes batteries, ceramics, and other alloys containing nickel. 
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Table 7.—Nickel (exclusive of scrap) in 
consumer stocks in the United States, 
by form 


(Short tons) 


Form 1968 1969: 1970 
Metal `. --------------- 19,385 12,528 17,987 
Ferronicke ll „603 1,868 2,286 

Oxide powder and oxide 
sinte r, 4,321 1,018 3,303 
Salis data 502 539 501 
Ohe 655 621 680 
Fol! ooo, 27,466 16,574 24,757 

r Revised. 
PRICES 


The price of electrolytic nickel of $1.28 
per pound was unchanged from the begin- 
ning of 1970 until October 14, when INCO 
announced an increase of 5 cents to $1.33 
per pound. INCO announced that the 
price increase was partially to compensate 
the company for reduced realization in Ca- 
nadian currency owing to changes in the 
Canadian-United States exchange rate. 
Other major producers followed INCO and 
adjusted worldwide prices accordingly. At 
the beginning of the year merchant elec- 
trolytic nickel was quoted at $5.80 to $6.40 
per pound at shipping points, and scrap 
nickel prices ranged from $2 to $4 per 
pound. By May 1 the price of merchant 
nickel had fallen to $2.10-$2.30 per pound 


and the price of scrap in large quantities 
was $1.75 per pound. By the end of No- 
vember the price of merchant nickel was 
little different from that quoted by pri- 
mary producers, and the price of scrap 
ranged downward from the primary price, 
depending on quality, quantity, and loca- 
tion. 

Trade in nickel futures began February 
16 on the New York Mercantile Exchange. 
During the first days of trading, prices for 
future deliveries of electrolytic cathodes 
ranged from $2.20 to $2.65 per pound. 
Thereafter futures prices trended down- 
ward until by the end of July. they were 
only a few cents more than the dealer 
price for merchant nickel. 


FOREIGN TRADE 


U.S. foreign trade in nickel in 1970 was 
16 percent above the 1969 level. Australia 
for the first time joined the list of signifi- 
cant suppliers by providing 849 tons of 
metal. Imports of nickel from the U.S.S.R. 
declined from 1,109 to 863 tons, probably 
because the premium pricing system was 
discontinued at midyear. Total ferronickel 
imports declined about 10 percent, but im- 
ports from New Caledonia were 29 percent 


above those of 1969. Of the 14,237 tons of 
ferronickel imported for consumption in 
the United States in 1970, the French Pa- 
cific Islands supplied 13,394 tons; Greece, 
779 tons; the Netherlands, 22 tons; the Re- 
public of South Africa, 20 tons; and Is- 
rael, 11 tons. Apparently, ferroalloy pro- 
ducers in Greece established a larger market 
among Western European countries. 
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Table 8.—U.S. exports of nickel alloy products, by class 


1968 1969 1970 

Class Short Value Short Value Short Value 

tons (thou- tons (thou- tons (thou- 

sands) sands) sands) 

Unwroughn!t 6,498 $14,211 1,851 $5,631 6,103 $18,450 

Bars, rods, angles, shapes, and sections.. 2,880 7,277 5,052 12,405 5,811 16,047 

Plates, Sheets, and strip. dd 2,308 9,784 4,218 16,582 4,653 21,893 

.,.. ³ðVꝗAA ⁰ʒ See 107 326 91 347 160 600 

III P" Ra as ee 624 2, 652 746 3,630 870 5,642 

Powder and flakes__ 2-2-2- 337 1,598 398 2,517 281 2,405 

¡o EE 51 92 14 83 18 76 

e ³oW - 8 3,340 7,299 3,592 7,531 2,524 6,451 
Tubes, pipes, blanks, and fittings there- 

for, and hollow bars................- 774 3,646 768 3,887 1,756 6,520 

Waste and scrap. .................-..- 16,762 24,788 18,028 29,455 9,780 12,840 

Total santi sa laa 33,681 71,673 34,758 82,068 31,456 85,924 


Table 9.—U.S. imports for consumption of nickel products, by class 


1968 1969 1970 
Value Value Value 
Class Short tons (thousands) Short tons (thousands) Short tons (thousands) 

BEE 42 MEME CR COEPI 21 251 
Unwrought. ................... 108,158 201,312 r 99,656 * $209,476 117,371 302,821 
Oxide and oxide sinter.......... 6,388 8,911 4,013 6,524 6,423 12,611 
GREEN AN 35,099 63,674 23,714 54,784 35,114 82.643 
Bars, plates, sheets, and anodes.. 245 669 113 628 177 773 
Rods and wire 392 1,287 540 2,171 544 2,630 
Shapes, sections, and angles. 5 30 2 12 
Pipes, tubes, and fittings. ....... 146 627 10 45 22 97 
Powder... ß ea 2,936 6,106 2,708 6,452 3,028 10,357 
¡FA AMS 53 109 65 136 76 207 
Waste and scra zzz 1,974 2,575 r 3,184 r 8,077 2,149 4,485 
Ferronickel. 2- -2222-222-2222 10,553 5,450 15,696 9,507 14,237 9,652 

Total (gross weight) 165,986 290,722 :149,704  r297,830 179,164 426,539 
Nickel content (estimated) 147,950 XX 129,332 XX 156,252 XX 


r Revised. XX Not applicable. 
1 Nickel-containing material in powder, slurry, or any form, derived from ore by chemical, physical, or any 
other means, and requiring further processing to recover nickel or other metals. 


Table 10.—U.S. imports for consumption of new nickel products,! by countries 
(Short tons) 


Oxide and Slurry and other ? 
Metal oxide sinter 
— --- >= —T 1969 1970 
Country 1969 1970 1969 19710 kkꝛñq —Ä—ͤ— — — smrrM NPr ——, 
———— — (Gross Nickel Gross Nickel 
(Gross weight) (Gross weight) weight content weight content 
Australia_.______ tot te a 21 IJ e ĩðͤ 126 32 
e rca 86,242 104,248 4,008 6,412 19,458 16,376 30,156 23,871 
Finland. ......................-- r ³ĩo· Am. 
France... . Geet ) ĩÄ y ⁵ↄAà ² 8 
Germany, Weste 27 122 1 DL aer % Asas 437 200 
e A N 5 J) Thu a by. tees 
Netherlands... .................- r 116 ) ³ “Stich. mu bue sis peanas 
Norway_...... . A 11.224. 10,789. sent: sev mM ls 8 
South Africa, Republic off 246 CCC 3,806 1,836 4,395 1,998 
Southern Africa, n.e.c______ R5. LO Laus isso aa 450 777 undue 
Sweden 28 JT E 8 
A AA V 1,109 0 . ð —U[Uwĩ m ] ð x eR Su 
United Kingdom. ...............- 372 302 JJ K see 
Other countries r 158 % ena os. o. Ei 
Total r 99,656 117,371 4,013 6,423 23,714 18,419 35,114 26,101 


r Revised. 

1 Ore: 1969, 30 short tons previously reported from Peru revised to none; 1970, 21 short tons from Repub- 
lic of South Africa. : à 

? Nickel-containing material in powder, slurry, or any form, derived from ore by chemical, physical, or any 
other means, and requiring further processing to recover nickel or other metals. 

3 Less than Le unit. 
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WORLD REVIEW 


Australia.—Australia's nickel production 
more than doubled for the third year. As 
in 1969, Western Mining Corp. Ltd.'s Sil- 
ver Lake shaft at Kambalda accounted for 
most of the output, but the Great Boulder 
Gold Mines, Ltd., Scotia mine, in its first 
full year of operation produced approxi- 
mately 10,000 tons of 3 percent nickel ore 
per month. 

Western Mining Corp. Ltd. reported re- 
serves in the Kambalda-St. Ives area at 
17,169,000 tons of ore containing 3.4 per- 
cent nickel. More important, Western Min- 
ing reported that the potential of the area 
obviously is much greater than proved re- 
serves. This evaluation was substantiated 
when the Great Boulder-North Kalgurli 
partnership reported reserves at its Carr 
Boyd Rocks mine of 1 million tons averag- 
ing 1.74 percent nickel and 0.53 percent 
copper and 500,000 tons averaging 0.7 per- 
cent nickel and 0.24 percent copper. The 
latest published reserve at Great Boulder's 
Scotia deposits was 1.13 million tons aver- 
aging 3.07 percent nickel and 0.25 percent 
copper, 250,000 tons of oxide ore averaging 
1.13 percent nickel, and 500,000 tons of 
disseminated sulfides averaging 0.64 percent 
nickel. To the north, Poseidon N.L., al- 
though declining to estimate reserves, re- 
ported continuing success in outlining sul- 
fide ore bodies of minable size that contain 
1.5 percent or more nickel, plus 0.2 to 0.3 
percent copper. 

The entire nickel industry of Western 
Australia was advanced when Western 
Mining Corp. Ltd. opened a new nickel re- 
finery at Kwinana on September 15, just 3 
years after the company began nickel min- 
ing operations at Kambalda. The new re- 
finery uses the Sherritt-Gordon ammonia- 
leach, hydrogen- reduction method to 
produce nickel briquettes from a milling 
concentrate containing an average of 11 
percent nickel. The first nickel briquettes 
were consigned to the United Kingdom. 
Designed capacity of the refinery is 33 mil- 
lion pounds of nickel per year. Ammo- 
nium sulfate and sulfides of copper and co- 
balt were produced as byproducts. Western 
Mining planned to accept concentrates 
from other nickel producers in the area. 

Further strengthening the Western Aus- 
tralian nickel industry, Western Mining 
Corp. Ltd. and the Western Australian 


Government entered an agreement whereby 
the company is to build a smelter in the 
Kalgoorlie, Kambalda, nickel district and 
construct a rail line between Kalgoorlie and 
Esperance. The smelter is to have an ini- 
tial capacity of 20,000 tons of nickel per 
year and built-in provisions for expansion 
to 40,000 tons per year. The smelting plant 
will be able to treat high-grade nickel or 
concentrate and recover metals of the plat- 
inoid group.2 

Production of nickel from Australia’s lat- 
eritic deposits came closer to reality when 
Freeport, Queensland Nickel, Inc., a subsid- 
iary of Freeport Sulphur Co. reported that 
the cabinet of the Queensland Government 
had agreed in principle on royalty and 
freight arrangements for development of 
the Greenvale nickeliferous laterite depos- 
its. Under the principal terms of the 
agreement, the company is to construct 
and equip a 140-mile railroad from the 
property to a plant site near Townsville. 
The agreement was subject to legislative 
authorization, a final feasibility study, and 
financial and other arrangements. 

However, all was not forward progress in 
building a nickel mineral industry in Aus- 
tralia. INCO decided not to develop lateri- 
tic nickel deposits at Wingellina, despite 
announced discovery of natural gas at 
Palm Valley only 280 miles away. 

Botswana.—Development of the Pikwe- 
Selebi copper- nickel deposit . proceeded 
slowly as Bamangwato Concessions, Ltd., 
negotiated with the World Bank and the 
Botswana Government for financing to 
construct a concentrator and smelter. The 
economic feasibility of the project was ad- 
vanced as arrangements were pushed for a 
road between Zambia and Botswana. Such 
a road would greatly benefit Botswana's 
mining industry because it would facilitate 
importing needed material for the infra- 
structure.3 

Canada.—Canadian nickel production of 
305,000 tons was the highest on record, al- 
most half again as much as 1969 output. 
The Canadian Ministry of Industry Trade 
and Commerce removed all quantitative 
restrictions on exports of primary nickel 


? BuMines Mineral Trade Notes. V. 68, No. 2, 
February 1971, pp. 17-19. 
3 Foreign Service Despatch A-213, 


Sept. 2, 
1970, Lusaka. 
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and nickel scrap on October 30. Nickel re- 
mained on the Canadian export control 
list, but export permits were freely issued 
in the last 2 months of the year. The Ca- 
nadian Prices and Incomes Commission 
studied nickel pricing policies after INCO 
announced an increase of 5 cents per 
pound for primary nickel exported after 
October 14. The Commission concluded 
that “increases in nickel prices did not by 
themselves increase domestic manufacturing 
costs and selling prices sufficiently to jeop- 
ardize directly the domestic price restraint 
program.“ 

The major nickel- producing concerns of 
Canada and several smaller companies ac- 
tively sought nickel deposits in Ontario, 
Manitoba, Quebec, Newfoundland, British 
Columbia, the Yukon, and Northwest Ter- 
ritories. A large copper - nickel find was re- 
ported near Atikokan by Paulpic Gold 
Mines and Monteagle Minerals. Prelimi- 
nary exploration indicated a large ore 
body grading 0.4 percent copper, 0.15 per- 
cent nickel, and 0.1 percent cobalt. 


The Hudson-Yukon Mining Co. Ltd. 
subsidary of the Hudson Bay Mining and 
Smelting Co. Ltd., announced plans to 
bring its Wellgreen property in the Yukon 
Territory into production in 1972 and 
signed a provisional contract with the 
Sumitomo Metal Mining Co. Ltd. of 
Tokyo, Japan, for sale for copper- nickel 
concentrates produced from the property.s 


INCO continued expansion and modern- 
ization. It opened the Copper Cliff North 
mine in the new Sudbury district and the 
Kirkwood mine in the Ontario division. 
Copper Cliff will produce 6,000 to 8,000 
tons of ore per day, and Kirkwood will 
produce 1,500 tons per day. This brought 
to 12 the number of INCO's producing 
mines in Canada. Surface facilities to be 
built under INCO' current expansion 
plan were about half completed by the 
end of the year. 


Falconbridge Nickel Mines Ltd., com- 
pleted its nickel-iron refinery and started 
tune-up production late in the year. The 
company completed a 1,425-foot mine shaft 
at its Mainbridge property in Manitoba. 


Giant Mascot Mines Ltd. in British Co- 
lumbia lost its entire surface plant by fire 
in August; however, by the end of the year 
reconstruction of the concentrator was well 
under way, and the company had discov- 
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ered a new ore shoot on the 3,050-foot 
level of the mine. 

Canadian nickel producers and their 
1970 production or delivery to customers 
as given in their annual reports to stock- 
holders were as follows: 


Type of Thousand 
Company operation pounds 

The International 

Nickel Co. of Can- 

ada Ltd. ........- Delivery. 518, 870, 000 
Falconbridge Nickel 

Mines Ltd. ........ Delivery..... 84,141,000 
Sherritt Gordon Ltd... Delivery. .... 21,643,000 
Consolidated Canadian 

Faraday Ltd.. .... Production... 3,048,380 
Giant Mascot Mines 

Did ll. eee Recovery.....- 4,037,291 


Dominican Republic.—Falconbridge Dom- 
inicana C. por A. continued constructing 
a plant to produce ferronickel from lat- 
erite deposits. The work was on schedule, 
and 3,915 people were employed on the 
project at the end of the year. 

France.—The office of Foreign Assets 
Control of the United States rescinded its 
order barring imports of nickel and nick- 
el-bearing materials of French origin. 
However, the order did not apply during 
the 1970 calendar year. 

Greece.—Larco, the only nickel. produc- 
ing concern in Greece, almost doubled its 
output for the third year and announced 
that further expansion plans are under 
consideration. 

Guatemala.—The negotiations of Explo- 
raciones y Explotaciones Mineras Izabal, 
S. A. (EXMIBAL), with the Guatemalan 
Government to construct a  60-million- 
pound-per-year nickel plant, which had 
been blocked by the Government's belief 
that it could achieve better terms, was 
again active. Guatemala's new Administra- 
tion explained why it is advisable to deal 
with EXMIBAL. EXMIBAL is owned 80 
percent by INCO and 20 percent by 
Hanna Mining Co. 

Indonesia.—P.T, Pacific Nikkel continued 
exploration of lateritic nickel deposits on 
Waigeo Island off the Sentani area of West 
Irian. Nikkel's exploration work was appar- 
ently successful. The company announced 
that exploitation depended on economics 
and financing. 


* Prices and Incomes Commission (Canada). 
Primary Nickel Prices. Jan. 29, 1971, 21 pp. 

5 Northern Miner. Large Tonnage Copper- 
Nickel Find Near Atikokan. No. 42, Jan. 8, 
1970, pp. 1, 16. 

6 Skillings’ Mining Review, Hudson-Yukon To 
Develop Copper-Nickel Mine. V. 59, No. 11, 
Mar. 14, 1970, p. 18. 
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Japan.—Japanese nickel smelters were 
concerned about future supplies of nickel 
ore. Shimura Kako, Nippon Mining, Sumi- 
tomo Metal Mining, Pacific Metal Industries, 
and Nippon Yakin Kogyo asked the Govern- 
ment to negotiate with the French Govern- 
ment to secure the New Caledonian nickel 
ore needed to expand their smelting 
facilities. ‘The same group started prelimi- 
nary negotiations with the U.S.S.R. for de- 
velopment of nickel mines in the Kazakh 
district near Orsk.?7 

New Caledonia.—New Caledonia experi- 
enced a large-scale mining boom, as the 
concerns newly competing in the former 
monopoly environment began active opera- 
tions. Ore deposits were well delineated by 
the beginning of the year, so most of the 
activity was in planning the mining and 


processing operations and the necessary in- 


frastructures. The French Government 
asked the private companies to produce 
160,000 tons of nickel annually by 1975. 
Construction and mining plans announced 
by four participating companies indicated 
annual production capacity of 200,000 tons 
of nickel by 1979. Small, independent, 
mining concerns petitioned the French 
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Government to relax its restrictions on 
shipment of nickel ore to Japan. However, 
the Government indicated a strong desire 
to process the ores on the island, because 
New Caledonia's earnings provide France 
with foreign currency. 

Société Le Nickel, S.A., consolidated its 
position as the premier nickel producer of 
New Caledonia by modernizing its plant, 
developing its reserves, and making plans 
to open new mining areas. Le Nickel 
formed Société Metallurgique Calédon- 
ienne, which announced that it would 
build a powerplant, erect a town, develop 
a harbor and port, and build a smelter at 
Poum on the northern tip of the island. 
The company was also planning to exploit 
laterite deposits at the southwestern end of 
the island on the shores of Bale de Prony. 
Patino Mining Corp. will participate with 
Le Nickel in the smelter and mining com- 
plex at Poum. 

INCO, as the operator of Compagnie 
Francaise Industrielle et Miniére du Paci- 
fique (COFIMPAC), completed a feasibil- 


"The Mining Journal (London). Japan/USSR 
mo Talks. V. 275, No. 7049, Sept. 25, 1970, 
p. ; 


Table 11.—Nickel: World production, by countries 1 
(Short tons) 


Country ? 


Australia (content of concentrate) 
Brazil (content of ferronickel )))) 
Burma (content of speiss )) 
Canada carta 8 A O 


Cuba: 


Content of oxide 
Content of sulfide aa 
Dominican Republic (content of ferronickel ) 


Finland: 


Content of nickel sulf ate 

Content of concentrate s 
Greece (nickel recovered from ore).................- 
Indonesia (content of ore) --------------------- 
Morocco (content of cobalt orei dh 
New Caledonia (recoverable) 000. 
Norway (content of concentrated. 
Poland (content of ore) €... .. LL 2L c loc o 
Rhodesia, Southern (content of concentrate) .. 
South Africa, Republic of (electrolytic).............. 
U.S.S.R. (content of ore) e... 


United States: 


Byproduct of GER dd FONMING MAA 
rom domestic ore 


Nickel recovere 


e Estimate. P Preliminary. r Revised. 


1968 1969 1970 » 
5 5,122 11,901 „31, 000 
5 1.188 1.200 2.162 
REGNO i QU r 32 33 23 
3 264,358 213,611 305,296 
"mu 20,950 20,400 20,400 
% 16,200 18,400 181400 
VVV 994 l l... 
5 195 21 1. 
EE r 8,556 3,996 | 4.600 
%% 4,769 6,400 10, 000 
. 8,663 8,404 19,842 
„ A 935 31 152 
5 88,018 99.731 116. 143 
„ CN r 248 27 e 360 
** r 1,650 1,650 1,650 
Pn B C r 1:100 4,400 5.500 
HL INS - er6 100 10,000 12,739 
OO HN r110,000 116,000 121,000 
MP 2,030 2,520 2,670 
FF 13,124 13,088 12,649 
Pune RUE r 547,960 532,537 685,186 


1 Insofar as possible, this table represents mine production of nickel. Where data relate to some more highly 
processed form, the figures given are used in lieu of actual reported mine output as a measure of mine output. 
Countries such as Czechoslovakia, Japan, and North Korea, which produce smelter nickel from imported raw 


materials, have been excluded to avoid double counting. 


2 In addition to the countries listed, Albania and East Germany also produce nickel, but information is in- 
sufficient to make a reliable estimate of production levels. 
3 Refined nickel and content of oxides and salts produced, plus recoverable nickel in matte and concentrates 


exported. : 


4 Includes a small amount of cobalt which is not recovered separately. 
s Nickel-cobalt content of metallurgical plant products, plus recoverable nickel-cobalt in exported ores. 


NICKEL 


ity report on a project to produce 50,000 
tons of nickel pellets from lateritic deposits 
in Plaine des Lacs. Reportedly the project 
is to cost $481 million, which would rank 
it among the largest mining operations of 
the world.8 

Philippines.—Acoje Mining Co., Inc., 
started its 400-ton-per-day nickel ore con- 
centrator in May. The concentrates contain 
nickel, cobalt, and reportedly, substantial 


791 


Marinduque Mining and Industrial 
Corp. (MMIC) spent most of 1970 negoti- 
ating for the capital needed to construct 
its proposed laterite mining plant on the 
Surigao Mineral Reservation. At yearend, 
tentative arrangements had been made 
with Japanese industrial concerns to pro- 
vide part of the funds and with the Cen- 
tral Bank of the Philippines to provide 
the remainder. MMIC's board of directors 


amounts of platinum-group metals, gold, suspended cash dividend payments to 
silver, and copper. All Acoje concentrates stockholders in 1970 so that the funds 
are to be sold to Japanese companies would be available for the nickel 
under a long-term sales agreement. project.10 

TECHNOLOGY 


Judging from published reports and 
United States and Canadian patents, nickel 
research and development in 1970 continued 
at the high level of activity of the last two 
decades. There was some slackening of ex- 
tractive metallurgical research, but this was 
offset by increased work in secondary re- 
covery and antipollution projects. Studies 
to find and develop improved nickel-bear- 
ing alloys were little changed from past 
years. 


The Federal Bureau of Mines nickel re- 
search activities were designed to conserve 
the metal and control pollution from proc- 
essing plant waste products. Bureau re- 
searchers developed a method for treating 
a variety of electroplating wastes to recover 
nickel, copper, silver, and other metals. 
The recovery process cleans the effluent 
from electroplating plants to the point 
where it will meet most water quality 
standards. It is economically promising be- 
cause it is based on neutralizing one waste 
with another to the benefit of both.11 


A method of recovering valuable metals 
from superalloy scrap was developed in 
Bureau laboratories although the process is 
not as economically promising as the plant 
waste process, it nevertheless represents sig- 
nificant progress after years of secking a 
profitable method of treating superalloy 
scraps.12 


Bureau of Mines researchers also made 
semi-pilot scale tests to demonstrate a 
newly developed electrorefinery process for 
producing high-purity nickel and cobalt 
from crude nickel metal and high-grade 
ferronickel.13 Nickel and cobalt metals su- 
perior in purity to commercially available 


electrolytic metals were produced as indus- 
trial-size cathodes. A high-chloride electro- 
lyte was used in conjunction with solvent 
extraction to remove impurities. The pilot 
work was on a scale that could be extrapo- 
lated to a commercial operation. 


INCO metallurgists developed a nickel- 
copper-columbium steel with yield strengths 
from 70 to 100 thousand pounds per square 
inch, depending on the heat-treating con- 
ditions and the size of the sections.14 
Several years are needed to prove the worth 
of a new alloy, but the exceptional com- 
bination of strength and workability of the 
steel indicates probable rapid commercial 
acceptance. 


Nickel-bearing alloys were widely investi- 
gated in the continuing search for corro- 
sion-resistant materials with high strength 
at elevated temperatures. Researchers of 
the United Aircraft Research laboratories 
developed a high-strength nickel-base eu- 
tectic alloy with strength three times that 


8 World Mining. COFIMPAC Discovered Later- 
ite; Plans $481,000,000 Mine. V. 6, 12, No- 
vember 1970, pp. 49, 66-68. 

? Philippines Herald. Firm Gears Up for 400- 
Tonsperspay Milling Capacity. May 30, 1970, p. 


Marinduque Board 
of Directors Recommends Stock Split. V. 67, No. 
238, Dec. 15, 1970, p. 20. 

11 George, L. C., and Andrew A. Cochran. Re- 
covery of Metals From Electroplating Wastes by 
the Waste-Plus-Waste Method. BuMines Tech. 
ProgeRept. 27, August 1970, 9 pp. 

12 Brooks, P. T., G. M. Potter, and D. A. Mar- 
tin. Processing of Superalloy Scrap. J. Metals, V. 
22, No. 11, pp. 25-29. 

13 Brooks, P. T., and G. M. Potter. Electro- 
chemical Recovery of High-Purity Nickel and Co- 
balt From Crude Nickel and  Ferronickel. 
BuMines Rept. of Inv. 7402, 1970, 25 

14 Nickel Topics, Nickel- CoppeffColumbium 
Steel, a New Concept in High Strength Construc- 
tional Materials. V. 23, No. 1, 1970, pp. 4-5. 


10 American Metal Market. 
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of the most widely used superalloys.15 The 
eutectic, a mixture of trinickel aluminide 
and trinickel columbium, was said to have 
a tensile strength of 140,000 pounds per 
square inch at 2,000 degrees Fahrenheit. 
Other investigators sought means of im- 
proving the utility and advancing the en- 
gineering properties of superalloys cur- 
rently being used in commercial 
applications. A comprehensive study was 
made on the behavior of “Waspaloy” (a 
commercial nickel-base superalloy) with 
varying precipitation strengthening addi- 
tives of aluminum and titanium under so- 
lution (heat) treatment.16 

Conventional control procedures were 
applied to advance the engineering proper- 
ties of a nickel-iron base superalloy.17 The 
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researchers claimed that their work clearly 
showed that by correlating new material 
characteristics with advances in processing 
technology it is possible to advance the 
state of the art (as demanded by the in- 
creasing needs of gas turbine engines) 
without necessarily resorting to more com- 
plex alloys. 


15 American Metal Market. Nickel-Base Eutectic 
Alloy Developed by United. V. 77, No. 176, Sept. 
15, 1970, p. 16, 

16 Rehrer, W. P., D. R. Muzyka, and G. B. 
Heydt. Solution Treatment and Al + Ti Effects 
on the Structure and Tensile Properties of Was- 
paloy. J. Metals. V. 22, No. 2, February 1970, 
pp. 32-38. 

17 Vinter, A., and L. G. Wilbers. Advancing the 
Engineering Properties of a Ni-Fe Base Superal- 
loy Through Conventional Control Procedures. J. 
Metals. V. 22, No. 5, May 1970, pp. 46-54. 


Nitrogen 


By Ted C. Briggs * 


Domestic production of chemically com- 
bined nitrogen increased by slightly more 
than ] percent, and production of high- 
purity nitrogen gas increased by 12 per- 
cent. Total domestic nitrogen usage for 
plant nutrient increased by 7 percent for 
the fiscal year ending June 80, 1970. Nitro- 


genous fertilizers constitute about 74 per- 
cent of the total amount of chemically 
combined nitrogen used in the United 
States. World production and consumption 
of nitrogeneous fertilizers also increased by 
7 percent for the fiscal year ending June 
30, 1970. 


Table 1.-—Salient nitrogen statistics 
(Thousand short tons of contained nitrogen) 


1986 1967 1968 1969 1970» 
United States: | | 
Production as ammonia. .............................. 8,904 10,205 10,180 10,786 10,919 
Production as high-purity nitrogen gas 8,259 8,766 4,802 , 74 : 
Exports of nitrogen compounds- .---.-------------------- 107 828 1,428 1,645 1,406 
mports for consumption of nitrogen compounds 566 691 669 738 942 
err 7.812 9,216 9,682 9,989 10,279 
World: Production 2 eee 27,566 81,627 85,427 89,556 42,747 
E Preliminary. | | 
1 Batimated, excludes nitrogen gas. 
Table 2.—Nitrogen production in the United States 
(Thousand short tons of contained nitrogen) 
B 1066 1967 1968 1969 1970 v 
Anhydrous ammonia: Synthetic plants 11. 38.722 10,029 9.968 710,624 10.772 
Ammonia compounds, coking plants: 
Ammonia liquor. -------------------------- 11 12 14 12 12 
Ammonium sulfate. __-.....---------------- 162 156 142 r 148 185 
Ammonium phosphates-_....-...----------- 9 8 6 7 (3) 
a 8,904 10,205 10,180 «10,786 10,919 
Niese. ĩ ͤ⁰ ⁵¼5mm ⁰⁰ ee 18,7 14,745 5,810 


(p Preliminary. Revised. 
1 Porem of the Census Current Industrial 
2 Included with ammonium sulfate to avoid 


Table 3.—Major nitrogen compounds 
produced in the United States 
(Thousand short tons, gross weight) 


Compounds. 18688: 1970» 
Ammonium nitrate 5,891 6,185 
Ammonium sulfate 1. 2,615 2,685 
Ammonium phosphate 4,592 5,212 
Nitric acid 3 973 67460 


p Preliminary. r Revised. 
1 Includes ammonium sulfate from coking plants. 


Sources: Bureau of the Census and Tariff Com- 
mission. 


r 8,259 8,766 r 4,802 


port. 
disclosing individual] company data. 


Gross weight and dollar value of major 
nitrogen compounds exported dropped sig- 
nificantly, but imports increased. 

Major advances were made in nitric acid 
technology, and the Tennessee Valley Au- 
thority will scale up its pilot plants for 
the production of urea-ammonium phas- 
phate and sulfur-coated urea. 


1 Chemist, Division of Nonmetallic Minerals. 
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DOMESTIC PRODUCTION 


Anhydrous ammonia production in- 
creased 1.4 percent in 1970, ammonium ni- 
trate production increased 5 percent, 
ammonium sulfate production decreased 3 
percent, ammonium phosphate production 
increased 14 percent, nitric acid production 
increased slightly (0.3 percent), and urea 
production increased 8 percent. High-pu- 
rity nitrogen gas production increased 12 
percent. 

The most significant ammonia plant 
startup for 1970 was American Oil Co.'s 
2,000-ton-per-day plant at Texas City, Tex. 
Additional capacity from other sources is 
scheduled to come on stream in 1971. Do- 
mestic anhydrous ammonia production was 
essentially static. Any closure of old units 
was balanced by increased production of 
the newer, more efficient plants. 

Nitric acid capacity was added during 
the year, thus adding to existing excess ca- 
pacity. There was, however, no significant 
increase in production. 

The U.S. Army called for bids to mod- 
ernize six nitric acid units, two units at 
each of three ordnance plants. The plants 


Plant, Chattanooga, Tenn., with a nitric 
acid capacity of 80,000 tons per year; the 
Joliet Army Ammunition Plant, Joliet, III., 
with a nitric acid capacity of 110,000 tons 
per year; and the Radford Army Ammuni- 
tion Plant, Radford, Va., with a nitric acid 
capacity of 135,000 tons per year. Esti- 
mated cost of the project is $70 to 75 
million.2 

Ammonium phosphate production in- 
creased owing to relatively high domestic 
prices. The price situation prompted the 
first significant increase in imports in sev- 
eral years. 

Ammonium sulfate production decreased 
but remained in oversupply. The excess is 
due, in part, to the fact that ammonium 
sulfate is a byproduct or coproduct of the 
production of other materials such as capro- 
lactam. The possibility of using ammonia 
scrubbing methods to remove sulfur dioxide 
from stack gas could, in future years, add to 
the abundance of ammonium sulfate. 


2 Chemical Week. More Acid for Army Ord 


are the Volunteer Army Ammunition nance. V. 106, No. 15, Apr. 15, 1970, pp. 91-99. 
Table 4.—Recent nitrogen plant construction and startups 
(Capacities in short tons per year) 
Date of 
Company Location Type of plant scheduled Capacity 
startup 
Air Products and Chemicals, Ine East Fishkill, N. Y... Nitrogen. .............- 1970.... 87,000 
7/%%ͤ˙%ö% eee PREND Geismar, Laa. OLLI d A rA 1970.... NA 
D05152 2 NN dea Guayanillo, P.R..... .... doc scc e LL 1970.... NA 
American Cyanamid Co............. Frontier, Laa Melamine. ............. 1971.... 35,000 
American Oil Co Texas City, Tex..... Ammonia.............- 1970.... 730,000 
Big Moe: Industrial Gas & Equip- . Bayport, Tex Nitrogen..............- Planned. 402,000 
ment Co. 
Cemetron Cor Houston, Tek 3 1971 
Cooperative Farm Chemicalas Lawrence, Kan Ammonis . . 1971.... 365,000 
E.I. 5 de Nemours & Co., Inc. Gibbstown, N. JJ Sodium Nitrate 1970. 
222 ( do.......-..... Nitric acid. 1970.... 297,000 
Escambia Chemical Cord Pensacola, Fla Nitric acid prills Planned. NA 
pU 08 do............. Ammonium nitrate prills. ..do.... A 
Hawkeye Chemical Cord Clinton, Iowa....... FOR oboe SZ eee ie ir 1971.... 33,000 
o E rir ⁵⁵¼¼;v 8 do............. Urea solutions. 1971.... 84,000 
Olin Corp 232 T Lake Charles, La.... Nitric acid 1972 183,000 
Tennessee Valley Authority..........- Muscle Shoals, Als ` Ammonisa 1971.... 82, 000 
Pſ..))! 8 Wilson Dam, Ala. sus at d casta LL oats 1972.... 66,000 
Wycon Chemical Co Cheyenne, Wo Nitric acid 1970.... 28,000 
))ö;—wo ⁵⅛ rein e 6% Ammonium nitrate 1970.... 33, 000 


NA Not available. 
Sources: Nitrogen (London) and Chemical Engineering. 
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CONSUMPTIÓN AND USES 


Domestic consumption of contained ni- 
trogen increased 340,000 tons, or 3.4 per- 
cent. Consumption for 1970 was measured 
by production plus imports minus exports, 
with an adjustment for change in. stocks of 
synthetic ammonia and ammonia com- 
pounds from coking plants. Nitrogen gas 
was excluded.3 


Fertilizers continued to be the major use 
of nitrogen, although nitrogen gas produc- 
tion is, at present, growing more rapidly 
than fixed nitrogen for use in fertilizers. 

In addition to fertilizers, large quantities 
of chemically combined nitrogen were used 
in explosives, plastics, resins, synthetic 
fibers, animal feed, pulp and paper, and 
synthetic rubber. Ammonia, which is ob- 
tained by the catalyzed reaction of nitro- 
gen and hydrogen at high temperatures 
and pressures, is the building block from 
which other large usage nitrogen-contain- 
ing compounds are manufactured in the 
United States. 

Nitrogen gas was used as an inert blan- 
keting agent in chemical processing, for a 
controlled atmosphere in steelmaking, as a 
nonreactive purging and blanketing agent 


in the electronic industry, and for an inert 
atmosphere in glassmaking. Liquid nitro- 
gen was used in aerospace, food processing 
and shipping, and to provide the low tem- 
peratures (-196° C) required for many sci- 
entific instruments and applications.“ 

Each year the Statistical Reporting 
Service of the U.S. Department of Agricul- 
ture publishes a comprehensive report on 
domestic consumption of commercial ferti- 
lizers for the fiscal year ending June 30. 
This year's report shows the following 
changes in tonnage of nitrogenous fertiliz- 
ers consumed: 


Anhydrous ammonia. . ....... increased 11 percent 
Aqua ammon ia inereased less than 1 
percent. 
Ammonium nitr ate increased 11 percent 
Ammonium nitrate-limestone. decreased 15 percent 
Ammonium sulf ate increased 2.5 percent 
Calcium eyanamid e deereased 27 percent 
Calcium pnitrate ..... increased 12 percent 
Nitrogen solutions increased 16 percent 
Sodium nitrate... ........... decreased 18 percent 
Lë EE decreased 8 percent 
Ammonium phosphate decreased 14 percent 


Total nitrogen usage for plant nutrient in- 
creased 7 percent, to 7.5 million short tons 
for the fiscal year ending June 30, 1970.5 


PRICES 


The prices of most of the major nitro- 
gen compounds were stable during the 
year. Anhydrous ammonia increased in 
price 10 to 18 percent from January to De- 
cember but remained below previous years' 
prices. The oversupply of ammonium sul- 
fate continued: Prices for standard grade 
were up to $12 per ton off list prices in 
some areas. Industrial urea was unstable, 
showing a 28-percent drop in August from 


the January high. Sodium nitrate was very 
stable, reflecting no change in foreign 
prices. Diammonium phosphate prices in- 
creased 8 to 12 percent. 


3 Bureau of the Census Current Industrial Re- 
ports. 

* Lewis, Richard W. Nitrogen. Chapter in Min- 
eral Facts and Problems. BuMines Bull. 650, 1970, 
pp. 1099-1115. 

5 Statistical Reporting Service, U.S. Department 
of Agriculture, Washington, D.C. Commercial 
Fertilizers- Consumption in the United States— 
Fiscal Year Ended June 30, 1970. May 1971, 26 pp. 


Table 5.—Price quotations for major nitrogen compounds in 1970 
(Per short ton) 


Compound Jan. 5 Dec. 28 

Ammonium nitrate, fertilizer grade, 33.5 percent nitrogen, bulk, carload lots, f.o.b. 
odd e: EE $41-43 $41-45 
80-pound bags (same basis) )))); 47-50 48-52 
Ammonium sulfate, standard grade, bulk, carload lots, f.o.b. works 23-31 23-31 
Bags, cwt., works AAA AA 8 37 87 
Anhydrous ammonia, fertilizer, tanks, freight equalized east of Rockies 50 55-59 
Aqueous ammonia 29.4 percent NH: 4 65 65-70 
Sodium nitrate, domestic, agricultural, bulk, carload lots, f.o.b. works. 41 41 
Bags; cwt. 10b: OES EEN 51 51 
Sodium nitrate, imported, commercial, bulk, carload lots, f.o.b. port warehouse 45.50 45.50 
= Bags, cwt., Lob, port warehouge e 49.50 49.50 

rea 

Industrial 46 percent nitrogen, bulk, 50 ton carlots, delivered freight equalized. . . . 92 64-66 
Agricultural 46 percent nitrogen, bulk, carlots, delivered freight equalized...... 63 63-65 
Agricultural 45 percent nitrogen, bulk, carlots, Works 61 61-63 
Diammonium phosphate, fertilizer grade, 18-46-0 bulk, carlots, f.o.b. works 58-60 65 


Source: Oil, Paint and Drug Reporter. 
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FOREJGN TRADE 


t of United States ex- 
ports of major nitrogen compounds de- 
creased 15 cent. Also, the weight of 
contained nitrogen exported decreased 15 
percent. The dollar value of exported ni. 
frogen en fell $33 million, or 18 percent. 

mports increased 38 percent on a gross 
weight basis or 28 percent on the basis of 


The gross weigh 


nitrogen content. Dollar yalue of imports 
increased $30 million, or 34 percent. 

Trade surplus decreased from $95 mil- 
lion in 1969 to $32 million in 1970. Am- 
monjum phosphates were the only major 
nitrogen materials that posted an increase 
in exports for the year. 


Table 6.—U.S. exports and imports for consumption of major nitrogen compounds 
(Thousand short tons and thousand dollars) | 


1969 1970 
Compounds — TP 
Gross Nitrogen Yalue Gross Nitrogen Value 
weight content weight content : 
Indus chemi drous ammonia and 
e sai "aman cas: E meni =. 265 217 $6,830 243 199 $8,877 
etis = rat ——— 2 88 5,728 7 22 8,398 
ae aa 42 171 50, 744 1.022 184 54,643 
m Pus 99 d codes G See 812 71 28,888 522 119 8,061 
ammo ammonia l 

Ni = so i as r 99 708 2115 ás 608 15 ane 

enous c cal materials, n. R.. ee 90 l : 
+ VT — ( O 2 (1) 93 
V8 96 74 39, 914 465 223 32,489 
Mixed chemical fertilizera-——=o=====--= BY "68 24,069 340 “54 20,541 
r A r 4,009 L1: MS Ge te 3,421 1.406 150,785 
e trial materials: a opis nitrate. ..... (1) (1) 6 1 (1) 82 
Séi 920 eria NETT ET ES A A 79 11.717 Tad SCH 15,125 

rate-limestone mix ee ! ! 

Apnd hs ch Oe 278 52 18,891 45 87 28,086 
4 monium sulfate. .--.....-----.------ 188 29 14.566 21 46 „501 
alcium cyan ade or r He nitrogen Sake 14 "8 195 8 2 762 
Calcium nitra fs 50 8 1. 95 52 8 1. 138 
Nitrogen solutions 91 27 975 124 37 ,200 
%% 447 357 20,577 48 398 20,678 
mesas Sture 37 E 1 $70 Ge 8 2,281 

ráte x ureg_ T , 
odium nitrate i trate tats SC 84 29 5,252 129 21 4,142 
een MEM rH AA 285 181 18,561 434 200 22,373 
enous GE DEDI. EE 16 981 14 3 870 
Age le fertilizers_ `. __---2----- 24 3 820 176 21 11,168 
I... ins r 1,808 r 788 r88,733 2,495 942 119,176 


f Aë unit. 


WORLD REVIEW 


Both world production and consumption 
of nitrogenous fertilizers for the 1970 fiscal 
year ending June 30, increased 7 percent 
over the 1969 fiscal year. 

Algeria.—Ammonia production has 
started at the Algerian nitrogen works at 
Arzew. The ammonia will be used to man- 
ufacture 441 tons of urea and 551 tons of 
ammonium nitrate per day. In addition, 


551 tons per day of ammonia will be avail- 
able for export. 

Australia.—Western Mining Corp., Ltd.'s 
193,000-short-ton-per-year ammonium  sul- 
fate plant at Kwinana became operational. 
The unit is a part of a new nickel refinery 
that uses an ammonia leaching process.? 

6 Chemical Age (London). Construction—Tech- 
nology. V. 101, No. 2681, Dec. 4, 1970, p. 28. 


7 Nitrogen (London). New Plants and Projects. 
No. 67, September-October 1970, p. 
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Table 7.—Fertilizer nitrogen compounds: World production and consumption 


for years ended June 30, by countries 


(Thousand short tons of contained nitrogen) 


Production Consumption 

Country E IT 
1967-68 1968-69 1969-70 1967-68 1968-69 1969-70 
. ³¹ SOD ͥ ¶ 6 19 32 8 21 28 
EIIõ]³¹dn.. dd ⁰ʒ Que 16 15 38 
Aen. Ee 12 27 22 41 84 89 
; ⁰ 61 105 202 151 192 190 
ĩÜͤj¹⁰ͤ¹ Uf ˙¼ lis 278 281 273 109 124 133 
Belg ose ³ð V ĩðâ2 8 397 514 567 187 188 196 
Cöĩ;t ⁰ͤ— k y y SS us 8 10 7 117 159 181 
Bull 8 390 563 646 356 402 443 
DUMAS cu ³ y PM ias dia eb asustes 33 25 29 
A A a AAA ĩ asss 518 611 667 854 267 270 
eege deele, ĩͤ . A A 148 162 68 
G ⅛⁰1.wr Ee das 116 129 11 22 27 45 
China, mainland EE 2937 21,036 °1,200 21,791 22,804 2, 800 
Glen. 88 44 46 55 52 58 60 
GG ³ĩo¹¹¹ A Un De» xXx EE Os 18 21 18 117 32 31 
A A 11 8 187 198 197 
Czechoslovakia 1270 1324 1371 315 391 441 
Denmark... med eim sac E ERE 3 66 375 377 256 273 298 
Dominican Republic „„ 17 14 22 
eie 2 3 30 40 24 
El Salvgdor -02 0aaaMMMMaMMMMMMMiMMiMMŅMM 6 7 9 31 37 39 
Finland... “l“..l.l....... 8 112 111 169 118 127 176 
FFF cuia em EE 1,359 1,506 1,447 1,249 1,370 1,370 
Germany, East 2 eee 370 387 431 434 563 537 
Germany, Wee 1,719 1,761 1,735 1,047 1,028 1,196 
O 129 140 161 173 201 210 
Guatemala... LL cllc cc lc eee ẽrIlIll .. 115 1 26 15 
Hungary lo ³W.¹AA ⁰ eee 204 270 331 261 336 888 
Iceland 1__ cae re due 9 9 9 13 13 13 
F ðLu ᷣͤ K 444 621 805 1,252 1,347 1,371 
Indonesia 45 47 47 116 218 182 
TPO ⅛ ¼0ĩů .. ZQ ee ee 30 25 31 51 54 61 
Fh EE 50 61 64 60 71 79 
J0öͤõöðCẽd EE EME 29 30 31 31 30 30 
! EE E 1,208 1,200 1,059 529 567 607 
SOR cee es A ed eee 2,243 2,918 2,372 980 999 989 
Korea, North... cocci eee caus 2 143 ? 163 e 185 2143 ? 163 e 185 
Korea, Republic ori... 1165 1848 1392 1 306 815 353 
KUWAIT uu eee 61 76 BO. usan. C 
Lebanon s v SQ e mE diosa. ede 8 12 14 14 15 18 
Luxembourg-...... oe aaa, Deuda 2 2 9 110 110 
Malaysia, Wee 18 20 34 45 46 60 
Mexico. cs 8 191 284 395 328 417 427 
Morocco 2 1 5 29 41 38 
Netherlands Antilles 39 37 S999; ͤ¶ͤoLj—à( 8 
Netherlands 936 1,052 998 379 374 424 
Ni AA A uie st 18 23 23 
TER 396 412 409 74 76 83 
Pakistan. 2-1 AA a EE 118 128 191 279 287 853 
PGR oc cles ce A x E 431 434 436 15 64 75 
Philippines 48 50 59 71 70 78 
Poland. oc i 88 1654 1837 11,084 667 773 871 
Fei ae 131 151 129 112 112 122 
Rhodesia, Southern. lel dota. toed. Idus 25 46 46 51 
Zeeche EENEG 410 464 545 318 364 419 
/ dd 8 1 3 3 6 4 6 
South th Africa, Republic ok 99 160 225 144 159 165 
Spain dais 468 545 599 527 626 666 
Sudan ts nta A ͤ y Basta 43 46 43 
?’ A O 5 154 5 159 5 159 200 210 226 
Seitzerland. ~~ coo 41 40 32 35 36 37 
ĩõĩ];ð⁰] able tees Onenna 19 24 22 
// Z ͤ ee ⁵ cus 179 211 215 178 188 182 
Thailand. _________._-.-----_-_-___-___-_-- 110 29 29 58 63 81 
Trinidad and Tobago 3333 412 434 387 6 6 6 
Turkey. EE 135 188 58 1152 1 206 1255 
See 74,187 74,604 74,970 3,405 3,807 4,187 
United Arab Republic. o o o. 1161 1154 1114 269 318 290 
United Kingdom 942 927 788 1,002 943 716 
United States (includes Puerto Rieoo 87,283 87,869 88,413 6,787 6,959 7,862 
e a ais 1 1 15 121 181 124 
Vietnam, South- A IA 176 1 68 135 
Nügess di 111 132 202 228 298 313 


See footnotes at end of table. 
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Table 7.—Fertilizer nitrogen compounds: World production and consumption 
for years ended June 30, by countries—Continued 


(Thousand short tons of contained nitrogen) 


Production Consumption 
Country OO —— — —  — 
| 1967-68 1968-69 1969-70 1967-68 1968-69 1969-70 
Other: 

North America and Central America .. 44 53 58 
South America 1ſſmuemeetdnʒmgn ooocoo amenos -- 16 28 22 
Zh ³·o¹¹u EE, 8 4 4 4 
11111! ]⅛˙— ». a. ⁊ð2iz 8 110 122 147 
ANIME nl é... . ⁊ x EE 55 65 69 
%%%; V!n•?P½è! ee, f...... woy Sw 10 14 16 
World Gotal l 28,490 31,649 88,780 26,775 29,277 31, 408 


e Estimate. 
1 Calendar year referring to the first part of the split 


year. 


2 Source: 1967-68 and 1968-69; Nitrogen (London) No. 63, January-February 1970, pp. 13-14. 


3 August-July. 

4 Includes guano. 

5 June-May. 

6 Calendar year referring to the last part of the split 


year; data represent nitrogen content of anhydrous 


ammonia produced. Source: Department of State Airgrams. 
7 Including an unspecified amount of technical nitrogen. 


$ Excluding sodium nitrate. 


? Includes Barbados, British Honduras, Guadeloupe, Haiti, Honduras, Jamaica, Martinique, and Panama. 


10 Includes Guyana, Surinam, and Uru 

u Includes Channel Islands d 

12 Includes Angola, Botswana, Cameroon, Central 
Dahomey, Ethiopia, Ghana, Equatorial Guinea, Ivory 


guay. 
ersey only) and Isle of Man. 
African Republic, Congo (Brazzaville), Congo (Kinshasa), 


Coast, Kenya, Liberia, Libya, Malagasy Republic, 


Malawi, Mauritius, Mozambique, Nigeria, Reunion, Somalia, Swaziland, Tanzania, Tunisia, Uganda, and 


Zambia. 


13 Includes Afghanistan, Cambodia, Cyprus, Iraq, Jordan, Laos, Nepal, Ryukyu Islands, Saudi Arabia and 


Singapore. 
14 Includes Fiji Islands and New Zealand. 


Source: Statistical Office of the United Nations, Statistical Yearbook, 1970. New York, 1971, pp. 285-286, 


538-539, unless otherwise specified. 


Brazil. Tune 1 marked the opening of 
Ultrafértil SA's nitrogen fertilizer complex 
near Santos. Products include 165,000 tons 
per year of ammonia, 206,000 tons per year 
of nitric acid, 228,000 tons per year of 
prilled ammonium nitrate, 251,000 tons per 


year of ammonium nitrate solution, and 
177,000 tons per year of diammonium 
phosphate.8 

Colombia.—Plants that produce nitrogen 
materials in Colombia are as follows:9 


Company and location Year 
started 
Amoniacosdel Caribe (AMOCAR) at 1963 
Cartagena. 
Fertilizantes Colombianos (FERTICOL) at 1968 
Barrancabermeja. 
Abonos Colombianos (ABOCOL) at 1963 
Cartagena. 
Fertilizantes Colombianos (FERTICOL) at 1963 


Barrancabermeja. . 
Sunes Borden and Quimica Proco at 
ali. 


Cuba.—The $39 million Cienfuegos nitro- 
gen fertilizer complex was scheduled for 
operation before yearend. The complex 
comprises a 208,000-short-ton-per-year am- 
monia plant, a 219,000-ton-per-year urea 
plant, a 269,000-ton-per-year nitric acid 
plant, and a 342,000-ton-per-year ammo- 
nium nitrate plant,10 

Finland.—T yppi 


Oy's 825-ton-per-day 


Annual 
Product capacity Raw material 
(short tons) 
Anhydrous 143,000 Natural gas. 
ammonia 
E 25, 000 Do. 
Urea 99, 000 Carbon dioxide gas 
and ammonia. 
e 11,000 Ammonia and 
natural gas. 
ES, AAA 5,900 


ammonia plant came on stream at Oulu. 
This plant is the second one to use centrif- 
ugal gas compressors discharging at the 
full economic conversion pressure of 300 


5 European Chemical News. Brazilian Fertilizers 
Get Production Boost. V. 17, No. 437, June 19, 
1970, p. 10. 

® Bureau of Mines. Mineral Trade Notes. V. 67, 
No. 3, March 1970, p. 37. 

10 Nitrogen (London). New Plants and Projects. 
No. 66, July-August 1970, p. 18. 
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atmospheres, the first one being the 1,200- 
ton-per-day plant in Norway.11 

Germany, East.—M. W. Kellogg Co. has 
been granted an export license to provide 
the basic technology for two 1,500-ton-per- 
day ammonia plants to be built in East 
Germany. Detailed design, engineering, and 
procurement will be provided by Toyo En- 
gineering Corp. of Tokyo. The first plant 
will be built for Leuna-Werke Walter Ul- 
brecht at Leuna, and the second will be 
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built for Stickstoffwerk-Piesteritz at 


Piesteritz.12 


Hungary.—The U.S.S.R. is to supply the 
design and equipment for a nitric acid 
plant with an annual capacity of 529,000 
short tons. The unit is to be delivered in 
1971 and will start production in 1974.13 


India.—Plants which produced nitrogen- 


ous fertilizers in India as of December 31, 
1970, are as follows: 14 


Annual capacity 


Plant and location Produet (short tons) 
Fertilizer Corporation of India at Sindri (Bihar)........- Ammonium sulf ate 391,000 

) B d EE Ammonium sulfate-nitrate 134,000 

Dove c hM e LL M ULL E Peg ui acnd eet e EE a 26,000 
Ferte Corporation of India at Namrup (Assam)...... Ammonium sulf ate 181 609 

))))! ði RE, FOR. ol ncs or ZS 61,000 
Fertilizer Corporation of India at Nangal (Punjab). ..... Calcium ammonium nitrate. . 853,000 
Fertilizer Corporation of India at Trombay )) e ee cen E LEE 109,000 

(Maharashtra). 

1/!;ö;Ü;dm.ũ ˙·-mR D 8 Nitro phosphate 254, 000 
P (Corporation of India at Gorakhpur (Uttar Ee ¿costas ans 197,000 

rades 
Zong Chemicals Travancore Ltd. at Alwaye Ammonium sulf ate 270, 000 

erala 
7) ³ĩðV³o IE HERR Ammonium chloride 72, 000 
Hindustan Steel Ltd. at Rourkela (Orissa )) Calcium ammonium nitrate. _ 529,000 
WER Lignite Corporation Ltd. at Neyveli (Tamil IR EE 170,000 

adu). 
Gujarat State Fertilizers Co. Ltd. at Baroda (Gujarat)... Ammonium sulf ate 182,000 
A A A A A AA 430,000 
Coromandel Fertilizers Ltd. at Visakhapatnam Ammonium phosphate 402,000 

(Andhra Pradesh). 

DT PROMOTE TRE U peq. A hc eee es 18,000 
Shriram Chemical Industries at Kota (Rajasthan) = CCC 265, 000 
Indian Explosives Ltd. at Kanpur (Uttar Pradesh) ) / a a a 496 , 000 
pto Chemicals and Fertilizers Ltd. at Belagula Ainmonium sulf ate 7,000 

(Mysore). 
95 Central Jute Mills Co. Ltd. at Varanasi (Uttar Ammonium chloride 45,000 
rades 
Ammonium sulf ate 77, 000 


E. I. D. Parry Ltd. at Ennore (Madras). ))). 


Iran.—Shahpur Chemical Co.'s 200,000- 
ton-per-year urea plant, operating under 
the Allied Chemical Corp. process, was 
completed at Bandar Shahpur. The 364,- 
000-ton- per- year ammonia plant using the 
M. W. Kellogg Co. process was scheduled to 
start production in the latter part of 
1970.15 


Israel. — Chemical & Phosphates Ltd.'s ad- 
ditional 91,000-short-ton-per-year ammo- 
nia plant was scheduled to come into op- 
eration at Haifa in 1971; one-third of the 
output was to be exported. The present 
plant, having a capacity of 35,000 tons of 
ammonia per year, is to be phased out.16 

Ivory Coast.—Société Ivoirienne d’Engrais 
(SIVENG) is planning to produce fertil- 
izers from imported raw materials at an 
initial annual rate of 50,000 short tons. The 
fertilizers will be composed of 3,000 tons of 
simple superphosphate, 22,000 tons of 
ammonium sulfate, 16,500 tons of binary 


fertilizers (nitrogen and phosphorus) , and 
8,500 tons of ternary fertilizers (nitrogen, 
phosphorus, and potassium) . 

The company is capitalized as follows: 
the Government of Ivory Coast, 33.3 per- 
cent; Société Tropicale d'Engrais et de 
Produits Chimiques, 28.3 percent; Salzdet- 
furth A.G. and Deutsche Entwicklungs: 
gesellschaft, 28.3 percent; ENSA, 5 percent; 
and others, including the Banque Ivoirienne 
de Développement Industriel 5.1 percent.17 


11 Nitrogen (London). New Ammonia Plant in 
Finland On-Stream. No. 63, January—February 
1970, pp. 21-23. 

12 Chemical Age (London). Kellogg Process 
Technology in E. German Ammonia Plant. V. 
101, No. 2669, Sept. 11, 1970, pp. 7-8. 

13 Chemical Age (London). Soviet Nitric Acid 
Plant for Hungary. V. 100, No. 2661, July 17, 
1970, p. 20. 

14 Bureau of Mines. Mineral Trade Notes. V. 
68, No. 7, July 1971, pp. 20-21. 

15 Work cited in footnote 7. 

16 Work cited in footnote 7. 

17 Bureau of Mines. Mineral Trade Notes. V. 
67, No. 1, January 1970, p. 9. 
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Japan.—Chisso-Asahi Fertilizer Corp. 
291,000-short-ton-per-year ammonia plant 
under construction at Mizushima will re- 
place Asahi Chemical’s 39,000-ton unit and 
Chisso Corp’s 30,000-ton unit. 

Nihon Ammonia Co. Ltd.’s 450,000-ton- 
per-year ammonia and 546,000-ton-per-year 
urea plants currently under construction at 
Sodegaura, Chiba district, will replace Nis- 
san Chemical Industries, Ltd.’s, 25,000-ton 
ammonia plant, Showa Denko KK’s 
25,000-ton ammonia unit, and _ Seitetsu 
Chemical’s 84,000-ton ammonia unit. 

Nippon Kasei KK planned to bring its 
364,000-ton-per-year ammonia plant and 
327,000-ton-per-year urea plant at Ona- 
hama on stream in March. The plant 
would use naphtha feedstock and would 
replace the 107,000-ton-per-year ammonia 
plant of Tohoku Hiryo and the 85,000-ton 
ammonia unit of Nihon Suiso. 

The 125,000-ton-per-year ammonia plant 
of Ube Industries, Ltd., and the 115,000- 
ton-per-year plant of Kyowa Chemicals 
will be phased out when Ube Ammonia 
Industry brings its 455,000-ton-per-year am- 
monia expansion into operation.18 

Dan Kako's new 55,000-short-ton-per-year 
potassium sulfate plant and 55,000-ton-per- 
year nitrogen-potassium compound fertilizer 
plants at Niigata were scheduled to begin 
operation in September. 

Japan Gas-Chemical Co., Inc.'s 273,000- 
ton-per-year ammonia plant at Niigata was 
under construction. It will use natural gas 
as feed stock and will replace the existing 
127,000-ton unit. 

Construction was started on Mitsui- 
Toatsu Chemicals Inc.'s 22,000-ton-per-year 
melamine plant at Osaka. This project will 
cost an estimated $7 million. The firm cur- 
rently operates a 9,000-ton-per-year melam- 
ine plant at Chiba.19 

Korea, Republic of.—The Yong Nam 
Chemical Fertilizer Co., Ltd., a joint ven- 
ture between Chung-Ju Fertilizer Co. of 
Korea and a U.S. Swift-Skelly consortium, 
produces both urea and complex fertilizers. 
Plant capacity is 93,000 short tons of urea 
and 200,000 tons of complex fertilizers per 
year.20 

Netherlands.—A number of new am- 
monia plants are scheduled to come on 
stream. Nederlandse Stikstof's 400,000-ton- 
per-year plant is due on stream in 1971 
and will supplement two plants with a 
combined capacity of 1,100 tons per day 
that are already in operation. 
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Dutch State Mines is expected to shut 
down some of its older units when its new 
1,700-ton-per-day plant comes on stream in 
1971. The company's overall ammonia ca- 
pacity will be boosted to 882,000 tons per 
year. 

Mekog Albatros will replace three older 
ammonia units with a  992-ton-per-day 
plant due on stream in late 1970. Esso 
Chemical has a  1,650-short-ton-per-day 
plant on stream in Rotterdam.?1 

Pakistan.—East Pakistan Industrial De- 
velopment Corp.s (EPIDC) urea plant at 
Ghorasal, Dacca, went into preliminary 
production in August 1970. Plant capacity 
is 377,000 short tons per year. Toyo Engi- 
neering Corp. of Japan constructed the 
project on a turnkey basis using Japanese 
machinery and technicians. Natural gas 
(39 million cubic feet daily) is piped 20 
miles to the plant from the Titas 
gasfield.22 

Poland.—New natural gas reserves have 
been discovered in the Poznan region of 
Poland. The nitrogen content of the gas is 
48.6 percent, suggesting use as a feedstock 
for the production of nitrogenous fertiliz- 
ers. A plant located in the Poznan area 
would also supply the regions of Zielona 
Gora, Koszalin, Szczecin, and parts of Wro- 
claw, thus substantially reducing fertilizer 
transportation cost in those areas.23 

U.S.S.R.—A 507,000-short-ton-per-year (17 
percent contained nitrogen) complex fertili- 
zer plant went on stream at Nevinnomyssk. 
At Novomoskovsk another complex fertilizer 
plant producing a 12-percent contained 
nitrogen formulation went into operation 
in January.21 

New ammonia facilities coming on 
stream were a 310,000-ton-per-year plant 
using coke oven gas feedstock at Cherepo- 
vetsk and an additional 109,000-ton-per-year 
unit at Grodno. In addition, a new 441,- 
000-ton-per-year granulated ammonium ni- 
trate plant and single superphosphate 
plant came on stream at Cherepovetsk.25 


18 Nitrogen (London). m SC and Projects. 
No. 64, March-April 1970, p. 
19 Nitrogen (London). New Plants and Projects. 
No. 65, May—June 1970, p. 18. 
20 U.S. Embassy Seoul, Korea. State Department 
Airgram A-482. Dec. 4, 1970, p 
21 Chemical Week. Ammonis Glut Spreads. V. 
107, No. 2, July 8, 1970, p. 15 
2 Bureau of Mines. Mineral Trade Notes. V. 
68, No. 2, February 1971, p. 10. 
23 European Chemical News. Polish Gas Could 
TAE Fertilizer Outlet. V. 19, No. 467, Feb. 12, 
^ Page 10 of work cited in footnote 18. 
2 Nitrogen (London). New Plants ane Projects. 
No. 68, November-December 1970, p. 12. 
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TECHNOLOGY 


Two pipelines for transporting anhydrous 
ammonia to mid-western agricultural areas 
for fertilizer were in operation. The MAP- 
CO (formerly Mid-America Pipeline Co.) 
pipeline, 720 miles in length and completed 
in 1968 at a cost of $15 million, extends 
from Borger, Tex., through Kansas and in- 
to Nebraska and lowa. Gulf Central Pipe- 
line Co.'s pipeline, 1,700 miles in length 
and completed in 1970 at a cost of approx- 
imately $100 million, extends from Luling, 
La., through Arkansas to Herman, Mo., 
where it branches. The eastern branch ex- 
tends across Illinois and into Indiana. The 
northwestern branch extends into Iowa 
and Nebraska. The MAPCO pipeline has a 
capacity of 1,300 tons of ammonia per day, 
whereas Gulf Central Pipeline Co.'s pipe- 
line has a capacity of about 3,000 tons per 
day.26 


A number of significant developments in 
nitric acid technology have occurred. The 
decision of the U.S. Army to replace six 
nitric acid plants with new units could be 
a showcase for the latest engineering devel- 
opments in nitric acid production. Specifi- 
cations require that two of the plants use 
a direct, strong nitric acid process rather 
than the more frequently used (in the 
United States) process of concentrating a 
weak acid. Operation of the strong acid 
and weak acid processes in new plants of 
comparable size should provide valuable 
information on the economics of the two 
systems. 


Direct methods for making concentrated 
nitric acid are evolving in the United 
States and have been used widely in Eu- 
rope. Relative merits of the different meth- 
ods are still under discussion. 


Another facet of the new advances in ni- 
tric acid technology revolves around the 
process catalyst. For many years the stand- 
ard catalyst has been a noble metal gause 
containing 90 percent platinum and 10 
percent rhodium. Now C & I Girdler has 
developed a new nonnoble metal catalyst, 
thought to be based on cobalt oxide. En- 
gelhard Industries has developed a new 
noble metal system that uses 60 percent 
less platinum than current commercial 
grades. It is offered with a palladium-gold 
“getter” system to capture volatilized plati- 
num. The new developments in catalyst 
promise significant reductions in the cost 


of manufacturing nitric acid, perhaps as 
much as a 38-percent reduction in the cost 
of producing a ton of acid. 


Another factor now considered in new 
nitric acid plants is pollution control. Con- 
ventional United States plants had 2,000 to 
4,500 parts per million (ppm) nitric ox- 
ides in the tail gas. Early efforts focused 
on conversion of the reddish brown nitro- 
gen dioxide and dinitrogen tetroxide gases 
to colorless nitric oxide, which was only an 
improvement in appearances. The use of 
new technology, such as dual combustors 
or higher absorber pressures, can reduce 
pollution to below 200 ppm. New plants 
are predicted to include the improved pol- 
lution contro] technology because of the 
national commitment to a cleaner environ- 
ment, although such improvements will 
add to plant cost.27 


Advances have been made in the tech- 
nology of urea production, primarily in 
the scale-up by a factor of 10 in the pro- 
duction capacity of new plants versus the 
older units of 20 years ago. An article re- 
viewed the current urea production meth- 
ods and discussed the advances being made 
in parameter evaluation to determine the 
most efficient and economical processes.28 


A more economical method for produc- 
ing urea was announced by Montedison 
SpA. Economies are enhanced as a result 
of heat recovery from recycled carbamate. 
The method was developed after many 
years of urea-plant design and experience; 
it has been tested in a 772-ton-per-day 
plant at Sluiskil, Netherlands, since 1968. 
The method will also be used in another 
plant of 992-ton-per-day capacity, under 
construction at the same site.29 


The Tennessee Valley Authority will 
scale up its small pilot plants for two new 
types of fertilizer. One of the new mate- 
rials is urea-ammonium phosphate, which 
can be produced in grades with up to 60 


28 Chemical and Engineering News. Midwest 
Ammonia Pipelines Now in Operation. V. 49, No. 
l, Jan. 4, 1971, pp. 17-18 

21 Work cited in footnote 2. 

Chemical Engineering. Nitric Acid Rolls On. V. 
77, No. 14, June 29, 1970, pp. 24-25. 

28 Nitrogen (London). Urea Processes Today—A 
Review of Available Methods and New Trends in 
the TEN Technology. No. 64, March-April 1970, 
pp. -2 

29 Nitrogen (London). New Urea Process From 
Montedison. No. 63, January-February 1970, pp. 
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percent plant food. It could replace some 
mixed fertilizers in current use. The sec- 
ond new material is sulfur-coated urea 
which releases its nitrogen slowly through- 
out the growing season. Experiments have 
shown crop yields from a single application 
of sulfur-coated urea to be equal or supe- 
rior to multiple applications of soluble fer- 
tilizers. The new fertilizers have a number 
of economic and ecological implications, 
such as lower application cost and reduced 
leaching.30 
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A new 90-foot-high prilling tower is in 
operation at the Plainfield, Ill., research 
center of Chicago Bridge & Iron Co. The 
new tower allows research on the prilling 
of very viscous materials and has à spe- 
cially designed spray nozzle.81 


30 Chemical and Engineering News. The Next 
Generation of Fertilizer Materials Goes Into the 
Semiworks Stage at TVA. V. 48, No. 2, Jan. 12, 
1970, p. 49. 

31Nitrogen (London). Current Evéhts. No. 63, 
January-February 1970, p. 34. 


Peat 


By Eugene T. Sheridan ? 


Peat production in the United States in 
1970 totaled 516,825 short tons, 10 percent 
less than the output recorded in 1969, pro- 
duction declined in 12 States and active 
plants decreased by six. Most of the pro- 
duction loss was the result of the smaller 
output in Florida, Illinois, Michigan, and 
Washington. | 

Commercial sales declined 7 percent in 
quantity but 15 percent in value as the av- 
erage plant price decreased $1.08 per ton 
to 911.38. The value of sales was particu- 
larly influenced by the average value of 


peat produced in Michigan, which de- 
creased from $14.62 per ton in 1969 to 
$11.36 per ton in 1970. 

Imports also decreased, and as a result, 
the total amount of peat available for con- 
sumption, 808,814 tons, consisting of com- 
mercial sales plus imports, reached the 
lowest level in 7 years. 

World production was estimated at 217 
million tons. The U.S.S.R. was the largest 
producer with an output estimated at 206 
million tons, 95 percent of the world total. 


DOMESTIC PRODUCTION 


The 10-percent decrease in production in 
1970 resulted principally from the smaller 
output of reed-sedge peat that is sold 
mainly for general soil improvement pur- 
poses. Although production declined in 12 
States, the bulk of the production loss was 
recorded in Florida, Illinois, Michigan, and 
Washington. On the other hand, Colorado 
and Pennsylvania had substantial produc- 
tion increases. 

Twenty-four States produced peat in 
1970 compared with 23 States in 1969. The 
additional producing State was North Da- 
kota, which has one operation that pro- 
duces intermittently. Michigan remained 


the principal producer, with nearly one- 
third of the output. Illinois, Pennsylvania, 
Florida, New Jersey, Colorado, and Indiana 
followed in output in the order named. 
These States, with Michigan, accounted for 
about four-fifths of the total production. 

Active operations decreased form 128 to 
122, and average porduction per plant de- 
clined to 4,236 tons. About three-fourths of 
the plants, however, had outputs smaller 
than the average. Only 28 plants had pro- 
duction in excess of 5,000 tons, and only 
four plants produced more than 25,000 
tons. 

1 Mineral specialist, Division of Fossil Fuels. 


Table 1.—Salient peat statistics 


1967 1968 1969 1970 

United States: 
Number of operat ions 131 135 128 122 
Production short tons.. 617,172 618,995 572, 122 516,825 
Commercial sales. do.... 619,687 619,161 565,760 525,603 
Value of sales. thousands 56, 768 $7,230 $7,055 $5,986 
Average per ton 10.92 $11.68 $12.47 $11.39 
Imports short tons 280,842 287,600 299,997 283,211 
Available for consumption 1____ ..------------ do.... 900,529 906,761 865,757 808 , 814 
World: Production. ..............- thousand short tons.. 218,546 206,686 203,536 217,471 


1 Commercial sales plus imports. 
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SHORT TONS, thousand 


Figure 1,—Production, imports, and available supply of peat in the United States. 
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Of the teported production, about one- conventional excavating and earthmoving 
half was reed-sedge peat while the remain: machines, including power shovels, clam- 
der was aboüt equally divided between ` helle, dragliries, bulldozers, arid front-end 
moss peat and huiñus. More than three- joaders. Specialized machines siich as hat- 
fourths of the output was processed by vesters, cultivators, milling miachines, ridg- 
shredding and/or artificial dryirig before it caber were also eumploved. Proc: 
wasanarketed: ers, and scrapers were also employe . roc 

Production methods varied, but virtually sing machinery included a variety of 
all peat was extracted by machinery. shredders, pulverizers, grinders, háiiiet- 
Equipment consisted mainly of modified mills, scréefs, dryers, atid hydraulic presses. 


Table 2.—Peat produced in the United States in 1970, by kinds 
(Short totis) | 


Procéssed 


Kind Unprepared Kilh-Uried S edd d and Total 
| | | Shredded only Sen Deeg 


DEÉ Ee | 30,014 

eed-s edge 26,486 228 874 00  ---`-- 250,61 

Ahhh!!! 41, 925 90, 633 37643 5 186 , 20 
Total. 5 117,129 393, 168 4,398 2.185 . 516,825 ` 


Commercial sales 


Active Production Value 
State plants (short tons) 


Short tons Total Average 
thousands) per ton 


— 4 — dM 8B dl wë 
olorado 2.2... : ,49 : 
bu ———Á : 45, ii de tés " 6:55 
CCC | 
at: a 1a PEE A eee 1 W W l 
MINOS. A 6 w W W 
ndiaha. ........... 2.2... l.l. 5 W w W 
GW ü „ 2 W W W | W 
VPP 28 1,233 1,000 39 39.0 
aryland. ooo 2 ; 588 8,633 47 12.9 
assachusetts....._....-..... 1 2,000 d 15.00 
ichigáh--------------------- 120 156,699 108.359 1,896 1 d 
Minnesota. LL Lc zi... 8 , „877 25 
üntahü..... de cee 1 W | 
New deren LL c c llc. 4 45,260 45,260 551 12 p 
ew Meiico clc cz 1 5 500 7 13 
ëw York cL ccc LL. 5 15,825 14,8 145 9 
North Dakota... LIII l W W 
sss 1 6,457 6,857 5 11 9 
1 ) a aaa H 49,284 43,79 51 
outh Caroling 
Vermont 1 888 244 6 24.59 
Washington 9 16,62 16,625 11 4:27 
Wigeongin 2 1,58 1,650 W 
Total... ............... i22 . 516,825 525,608 © 5,988 11.89 
W Withheld to avoid disclosing individual company confidential 3 1 1 y 


1 Excludes 1 plant which had sales, but no production. 
* Includes 1 plant which had production, but no sales. 


Table 4.—Relative size of peat operations in the United States 


| 1969 1970 
S Active plants Production Active plants Production 
ize JJ a a ³ y EE 
Per Pereent | Percent 
Number of 1 Short tons of otal Niimber of total Short tons of total 


Under 500 Long 29 22.7 5,245 0. l : 

500 to 999 tons 17 13.3 11,424 2.0 i 
1, 000 to 4,999 tons 51 89.8 118,210 20.7 T 101,048 6 
000 to 14,999 tons 22 17.2 185,846 2.5 18 14.8 141,174 d 

165 000 to 24,999 tons 5 8.9 88,320 5.4 6 4.9 100,511 19.: 
Over 25,000 tons 4 8.1 163,077 28.5 à 3.3 156,496 30.8 
Total 128 100.0 572,122 100.0 122 100.0 516,825 100:0. 
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CONSUMPTION AND USES 


Commercial sales and imports both de- 
clined in 1970, and the amount of peat 
available for consumption was 7 percent 
less than in 1969. | 

Although peat was used for a variety of 
purposes, 86 percent of the total was sold 
for general soil improvement. Among the 
principal markets for this peat were nurs- 
eries and greenhouses, which used peat as 
a mulch and as a medium for growing 
plants and shrubs; landscape gardeners and 
contractors, who: used peat for building 
lawns and golf course greens and for 
transplanting trees and shrubs; and gar- 
den, hardware, and variety stores, which 
sold peat to homeowners for mulching and 


improving lawns and garden soils. The re- 
maining peat was sold for use in potting 
soils, mixed fertilizers, and mushroom 
beds; for packing flowers and shrubs; and 
for seed inoculant. | 

Producers’ sales were about evenly di- 
vided between the bulk and the packaged 
product. Packaged peat, however, ac- 
counted for nearly two-thirds of the total 
value of sales. Of the packaged material, 
about two-thirds was reed-sedge peat, most 
of which was produced in Michigan. Other 
States leading in sales of packaged peat 
were Illinois, Indiana, New Jersey, Penn- 
sylvania, and Minnesota. 


Table 5.—Commercial sales of peat in the United States in 1970, by kinds and uses 


(Thousand short tons and thousand dollars) 


Š Moss Reed-sedge Humus 
se - - 
Quantity Value Quantity Value Quantity Value 
Bulk: 
u Soil improvement 57 $487 T3 373 63 $394 
Other uses 16 90 10 128 39 269 
Total Lite eee ( 13 577 83 858 101 663 
Packaged: 
Soil improvement. ...............- 49 847 179 2,180 29 894 
Other uss À 3 71 3 184 5 211 
AAA PI 52 918 182 2,365 34 605 
Total: 
Soil improvement 107 1,334 251 2,916 92 788 
Other uses 19 161 13 307 44 480 
Grand total . 126 1.495 265 3,223 135 1,268 
1 Data may not add to totals shown because of independent rounding. 
Table 6.—Commercial sales of peat in the United States in 1970, by uses 
(Thousand short tons and thousand dollars) 
In bulk In packages Total ! 
Use ; 
Quantity Value Quantity Value Quantity Value 
Soil improvement 198 $1,616 257 $3,421 450 $5,038 
Potting soils 14 118 6 221 20 338 
Packing flowers, shrubs, et 40 298 2 37 42 336 
Seed inoculant Sea 3 206 2 206 
Mushroom beds. 3 29 (2) (2) 8 29 
Earthworm culture 1 9 (2 1 11 
Mixed fertilizers_._..............-.--- 6 27 eo, - edes 6 27 
rr ld a eee 258 2,098 268 3,888 526 5,986 


1 Data may not add to totals shown because of independent rounding. 


2 Less than Le unit. 
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PRICES AND SPECIFICATIONS 


The average value per ton of domesti- 
cally produced peat dropped form $12.47 
in 1969 to $11.38 in 1970, a decrease of 
$1.08 per ton, owing mainly to a decline 
in the value of peat sold in packages for 
general soil improvement. The total value 
of commercial sales decreased approxi- 
mately 15 ‘percent for an overall loss in 
plant sales value of more than $1 million. 

Peat prices at individual plants varied 
according to the kind of peat produced, 
the degree ot processing, and whether the 
peat was packaged or sold in bulk. The 
average value of bulk peat was $8.13 per 
ton, $0.46 more than the average value of 
bulk peat sold in 1969. Packaged peat, 
however, declined in average value from 
$17.60 per ton in 1969 to $14.51 per ton in 
1970. 

Imported peat had a total value of $13.5 
million. This was 2 percent less than the 
total value of imported peat in 1969. How- 
ever, the average value of imported peat 
in 1970 was $1.83 per ton higher than in 
1969. | 

Although the average value of imported 
peat is shown as more than three times 
that of domestically produced packaged 
peat, the two are not comparable because 


they are assigned at different marketing 
levels. Also, imported peat has different 
physical properties and it is usually sold 
on a volume basis rather than by weight. 
Each 100 pounds of typical air-dried im- 
ported peat will measure approximately 12 
bushels, whereas the same quantity of a 
typical domestic peat will measure only 3 
or 4 bushels. Only a few U.S. peat opera- 
tions produce peat with properties similar 
to those of the imported type. 

Peat is broadly classified in the United 
States as moss peat, reed-sedge peat, or 
humus. Moss peat has been formed princi- 
pally from sphagnum, hypnum, and/or 
other mosses; reed-sedge peat originated 
mainly from reeds, sedges, and other swamp 
plants; and humus is peat too decomposed 
for identification of its biological origin. 

The Federal Trade Commission regulates 
the labeling and marketing of all peat sold 
in the United States. Peat sold to the Fed- 
eral Government is subject to specifications 
developed by the Federal Supply Service, 
General Services Administration (GSA). 

The American Society for Testing and 
Materials has issued a standard classifica- 
tion for peat, moss, humus, and related 
products, effective as of April 25, 1969.2 


FOREIGN TRADE 


The quantity of peat imported into the 
United States in' 1970 decreased 6 percent 
from the quantity imported in 1969, 
mainly because of decreased shipments 
from Canada. Canada provided the bulk of 
the imports, however, supplying 95 percent 
of the 283,000 tons imported. Most of the 
remainder was shipped from Europe. 

European shipments to the United States 
decreased 9 percent, mainly because of the 
smaller quantities shipped from Ireland 
and Poland. Shipments from West Ger- 
many increased slightly. West Germany 
supplied about three-fourths of the peat 
imported from Europe. 

Imported peat was classified according to 
use as poultry and stable grade and ferti- 


lizer grade. Of the total imported, 99 per- 
cent was duty-free fertilizer-grade peat. A 
tax of $0.25 per long ton was levied on 
poultry- and stable-grade peat. 


Foreign peat entered the United States 
through 28 customs districts in 1970, but 
83 percent of the total imported was 
shipped through the Ogdensburg and Buf- 
falo, N.Y.; Detroit, Mich.; St. Albans, Vt.; 
and Seattle, Wash., customs districts. The 
largest quantity, 64,000 tons, was shipped 
through the Ogdensburg district. 


2 American Society for Testing and Materials, 
Committee D-29, ASTM Designation: D2607-69. 
Philadelphia, Pa., Apr. 25, 1969. 
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Table 7.—U.S. imports for consumption of peat moss, by grades and countries 
Poultry and stable | 
grade Fertilizer grade Total 
Country Value Value Value 
Short (thou- Short (thou- Short (thou- 
| tons sands) tons sands) tons sands) 
1969 | i | | 
Canada. l. cl c LL dana sb 2,117 $96 282,952 $13,014 285,069 $13,110 
Czechoslovakia... 25 2 28 2 
meln 8 26 CTT uti 26 
F/(ô§ĩ?ĩ] ꝛ ³ A ee Be c 2 (1) 
Germany, Weste 152 10 9,805 397 9,957 407 
Ireland A ee cab she cee 40 2 1,298 87 1,838 69 
Y CA A EA 14 (1) 14 (1) 
,, . . Tuza Š . 11 8 11 8 
Poland dd 296 12 2,791 116 3,087 128 
Portugai.__ cee oci ee eee questa. <... 49 8 49 8 
ZO C EES RER 327 18 327 18 
I A 8 1 (1) i (1) 
United Kingdom. .................... ------ 2 96 96 6 
Total cuales da t 2,633 121 297,864 13,631 299,997 18,752 
1970 
Belgium-Luxetnbourg..............-.. momo ena. 22 o) () 
F ³˙oA¹³5AAAA·0Ü¹³ — 8 1,679 94 267,944 12,792 269,623 12,886 
Finiand_.. J... eee (1) TREO EN 33 (1) 
Germany, Wett 86 3 9,919 429 10, 005 482 
Ireland 4 3 960 46 964 49 
e eee oa Jada 80 2 80 2 
Mexico__.. s ð d K k deet 24 1 24 1 
Norway yyy 6 4 7 4 13 8 
Poland AA IA A et ellen 1,950 88 1,950 88 
JN A ` ve A 7 5 T 5 
A . weed 449 22 449 22 
United Kingdom..................... ------ ^ -.---- 117 9 117 9 
Total z T 1,782 104 281,429 13,898 283,211 13, 502 
Less than Le unit. 
Table 8.—U.S. imports for consumption of peat moss in 1970, by grades and 
customs district 
Poultry and stable 
grade Fertilizer grade Total 
Customs district Value Value Value 
Short (thou- Short (thou- Short (thou- 
tons sands) tons sands) tons sands) 
Baltimore, Md ooo. 6 $4 1,293 $55 1,299 $59 
Boston, Mass 4 9 339 18 843 21 
Bridgeport, Conn 46 2 46 2 
FJ ³o / O 32, 423 1,464 32,423 1,464 
Charleston, 8.C____....-.2-.-_------. 222222 nome. 128 128 6 
Detroit, Mich... 52 8 42,213 2,278 42,265 2,281 
Duluth, Minn 222-22 tee 5,769 893 5,769 353 
Great Falls, Montt: : 8.287 418 31287 418 
Honolulu, Hawaii 7 (1) 38 3 45 3 
AS EA 467 19 467 19 
Los Angeles, Caliikk . 954 46 954 46 
IS AS 444 21 444 21 
Milwaukee, Wiss. 16 (1) 16 (1) 
Mobile, Als 1,935 92 1,935 92 
New Orleans, Laa. 222222 1,509 58 1,509 58 
ew York, N. .... ENT eee setas 1,884 90 1,884 90 
Norfolk, Va 950 35 950 35 
Ogdensburg, N. T1) 0 1 1 64,340 2,820 64,350 2,821 
embina, N. Dkk 1,418 82 11,061 493 12,479 575 
Philadelphia, Pe. 30 2 599 24 629 26 
Portland, Maine 13 1 6,661 378 6,674 379 
Portland, Oreg... occ coo eee 126 8 126 8 
St. Albans, NL 186 7 48,201 1,983 48,387 1,990 
San Francisco, Calif. 56 1 202 9 258 10 
San Juan, P.R._ ooo ecc eee 452 18 452 18 
nn. ð guesses, “desea 548 24 548 24 
Beattle, Wash. l... 7 222222 49,024 2,565 49,024 2,565 
Tampa, Fla... ooo 222-222 7 2222-2 1,520 7 1,520 78 
T'OUtl] u uuu m u uz: ds 1,782 104 281,429 18,398 283,211 13,502 


t Less than Lé unit. 
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Table 9.—Peat moss imported for consumption fromi Canada and West Germany 
in 1970, by grades and customs district 


West Germany 


Canada 
Poultry and Fertilizer Poultry arid Fertilizer 
| | stable grade grade stable grade grade 
Customs district — II]. — 
Value Value value Value 

Short (thou- Short (thou- Short  (thou- Short (thou- 

tons sands) tons sands) tons sands) tons sands) 
Baltimore, Md... 222222 222222 222-22 222222 1,076 $42 

oston, Naam. ) ⅛ 8 () 

Bridgeport, C On uu eee, Ee AREE 46 $9 ens Eos. usr e 
Bufalo- N.Y- ee, 88 82,978 „/// aoude dx pata 
Charleston, S.C_ a aid. merle EE 128 6 
Detroit, Mien 52 $3 42.218 9 9278 A hein. xis 
Duluth, Minh. m 2him eee Usos „76 ;; Sa eek ada 
Great Falls, Mon. 8,287 7 or EE calde 
onolulu, Hawaii. 3 d ama aa teks 55 
ee, r AS 236 10 
Angeles, Cat. coos _ l... uan ias l. ado. arias 882 38 
lami VT EEGENEN 314 15 
ilwaukee, Wiss ooo... 186. (D^. a ts mS PPS 
Nobis Alit tae ei at MM + He e o ee ata baaa 1,985 92 
r els aaa y ma lid. ico 668 27 
T eck exei aie. y wed as 1,028 51 
orfolk, Weel, ee ae ieee. FFF 625 23 
Ogdensbur , N Y V 10 64,316 2,818 ------ 
Pin ina, Dak F 1,418 82 11,061 ///»; 
Philad elphia, ; cis | sates et m 30 $2 439 15 
ortland, Maine 18 6,661 978 oit . uei 
ortland, (PO A RR A ð A te EE 119 4 
Albans, Vt 186 48,135 r ux 44 2 
Ban Francisco, Calif... oo ccoo eno 222222 ^ 222222 56 1 202 9 
11 osas: ss, tes biie mui. ] ͤů escent 452 18 
Savannah, Ga. ⅛ 222222 2222-2 ^ 222-222 526 28 

Seattle, Was... 49,024 2,53 
f sos tran cet eee . A A 1.242 54 
C 1.679 94 267,944 12,792 86 3 9,919 429 


1 Less than 14 unit. 


WORLD REVIEW 


World production of peat in 1970 was 
estimated at 217 million short tons, an in- 
crease of 7 percent over the estimated 
world output for 1969. 

The U.S.S.R. remained the largest pro- 
ducer with an estimated output of 206 mil- 
lion tons, about 95 percent of the world 
total. It is estimated that about one-third 
of the Soviet production was used for fuel 
and that two-thirds was used for agricul- 
tural purposes, including general soil im- 
provement and the manufacture of fertiliz- 
ers. The bulk of the fuel peat was used 
for generating electric power, but substan- 
tial quantities were converted into briquets 
which were used for both domestic and in- 
dustrial heating. 

Ireland ranked second in peat produc- 
tion with an estimated 1970 output of 7.6 
million short tons. Although production 
was small in comparison with that of the 


U.S. S. R., peat provided a substantial part 
of Ireland’s energy requirements for elec- 
tric-power generation and household heat: 
ing. Ireland produced only a small quan- 
tity of peat for agricultural use. 

West Germany ranked third in world 
peat output with an estimated production 
of 1.5 million short tons. An estimated 
one-fourth of the West German production 
was used for fuel. Peat fuel accounts for 
only a very minor patt of the primary en- 
ergy needs of this country. 

Other producers, ranking in output in 
order named, were the United States, the 
Netherlands, Canada, and Finland. The 
combined output of these countries how- 
ever, was less that 0.7 percetit of the world 
total. Although fourth in world produc- 
tion, output of the United States was only 
0.2 percent of the world total. 
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Table 10.—Peat: World production, by countries 1 
(Thousand short tons) 


Country 1968 1969 1970 p 
Argentina, agricultural use 2 1 NA 
Canada, agricultural use 294 330 317 
Denmark; ele ee eege 6 6 6 
Finland: 
A ĩÜ˙ĩ¹w ee 138 138 158 
¡O A sie a ee e 110 120 97 
France, agricultural UI ee 79 e 80 e 80 
Germany, West: 
Agricultural use r 1,151 1,260 e1,110 
Ff! A A y a a as as kas 480 897 857 
Hungary, agricultural uses 72 72 72 
Ireland: 
. Tt EE 45 60 e 66 
Ee r 5,532 7,087 e 7,500 
Israel, aericulturál MSC a LL 22 22 22 
Japan MM TET CORRER 80 80 80 
Korea, Republic of, SE (TEE 9 e 10 e10 
Netherlands ..... %% ⁵ð GK 8 440 440 440 
Norway: 
nts AA ee ee ie ee r E a e P 
Poland, “fuel II ĩð.ͥ . mt 8 31 24 22 
Sweden: 
Agricultural use 110 e110 e110 
// ³ðÄWꝗA ³ A t 28 28 28 
U.S S. R.: . | 
55 UI e eebe 148,300 143,300 143,300 
SA r 54,123 49,383 63,162 
United States; agricultural A rete LLL 619 572 517 
III!!! Ls sss r 206,686 203,536 217,471 
Fuel peat nidad in COCR) luus suu dl a u Saa SSE r60,314 57,049 71,176 


e Estimate. p Preliminary. r Revised. 


NA Not available. 


1 In addition, Austria, Canada, Iceland, Italy, and Spain produce a negligible quantity of fuel peat. No data 


were available on East Germany, a major producer. 
2 Total is of listed figures only. 


TECHNOLOGY 


A French patent 3 describes a method for 
preparing peat or compost for use in ' soil 
improvement. In the process, the compost 
or peat is freed of roots, fibers, and stones, 
and reduced to about 3 millimeter parti- 
cles containing 40 percent water and hav- 
ing a pH of 5.7 to 6.2. This material is 
then mixed with 1 percent methyl ethyl 
cellulose (as a 10-percent aqueous solu- 
tion) which is then extruded to give 3.0 to 
4.5 millimeter-diameter fibers, then dried, 
and broken into granules. The granules 
are easily handled, but they disintegrate 
within 3 weeks when introduced into the 
soil. The granules provide good aeration 
and humidification of soil. 


A method of using peat to break emul- 
sions in waste water is described in a re- 
cent German patent.4 When peat is com- 
bined with a metal salt, such as Alz (804) 3 
or A1C1s, the combination has the capacity 
to break highly stable emulsions, irrespec- 
tive of the pH. The substance works best 
with emulsifiers which contain ethylene 
oxide groups. 


The results of pilot plant tests of a 
method for removing nitrous oxides from 
exhaust gases by peat-ammonia adsorption 
was described.5 It was estimated that for a 
plant releasing to the atmosphere 150,000 
cubic meters per hour of nitrose gases con- 
taining 0.3 to 0.4 percent nitrous oxides, 
peat consumption is 22,000 to 24,000 tons, 
and ammonia consumption is 1,600 tons. 
The cost of this method of pollution con- 
trol was estimated to be 0.866 ruble per ton 
of nitric acid consumed ($0.96 at official 
exchange rate), and the selling price of 
peat-ammonia fertilizers resulting from this 
process, 8 to 11 rubles per ton. A method 
was also devised for the adsorption of CO, 
H2S, and SO; from gases. 


3 Jomain, Albert. Granulated Compost or Peat 
for Improving Soil. French Pat. 1,569,696, June 
6, 1969; Chem. Abs., v. 72, Apr. 13, 1970, col. 
78087q. 

4 Heidenreich, Hans. Breaking Emulsion in 
Waste Water by the Addition of Peat. German 
Pat. 1,908,791, Sept. 10, 1970; Chem. Abs., v. 73, 
Dec. 28, 1970, col. 133860}. 

5 Ganz, S. N., and I. E. Kuznetsov. Removal of 
Corrosive Impurities From Industrial Gases and 
Liquid Wastes. Khim. Tekhnol. No. 11, 1968; 
Chem. Abs. v. 72, Apr. i 1970, col. 826565. 


Perlite 


By Arthur C. Meisinger 1 


In many respects 1970 was a continua- 
tion of the record high set in 1969 for the 
domestic perlite industry. Although the 
quantity of crude perlite mined in 1970 
was the third largest on record, the quan- 
tity sold and used was just under the rec- 
ord total set in 1969. On the other hand, 


expanded perlite producers reported new 
records for expanded perlite output in 1970, 
as follows: Quantity produced, 420,000 
tons; quantity sold and used, 416,000 tons; 
and value of quantity sold and used, ap- 
proximately $25 million. MEM 


DOMESTIC PRODUCTION 


Crude perlite was produced by 12 com- 
panies at 14 mines in seven States in 1970, 
and the quantity mined (607,000 tons) was 
the third largest on record. New Mexico 
continued to be the leading producing 
State contributing 87 percent (526,000 


tons of the .U.S. crude perlite output. 


Other States producing crude perlite, in 
descending order, were Arizona, Califor- 
nia, Nevada, Colorado, Idaho, and Utah. 
The quantity of crude perlite that produc- 
ers sold or used (456,000 tons) was ex- 
ceeded only by that of 1969. 


Crude perlite was expanded at 89 plants 
in 33 States during 1970. The quantity of 
expanded perlite produced (420,000 tons) 
was 15,000 tons more than the previous rec- 
ord output of 405,000 tons in 1969, and 
the quantity sold or used (416,000 tons) 
by producers was also a record high. Illi- 
nois led the country in production of ex- 
panded perlite and also in the quantity 
sold and used. 


1 Industry economist, 


Division of Nonmetallic 
Minerals. - | 


Table 1.—Crude and expanded perlite produced and sold or used 
by producers in the United States 
(Thousand short tons and thousand dollars) 


Crude perlite 


Expanded perlite 


Used at own 


Year Sold plant to make Total Sold or used 
Quantity expanded material quantity Quantity | 
mined — — sold and produced 
Quantity Value Quantity Value used Quantity Value 
1966 548 193 $1,799 211 $2,108 404 394 394 816, 403 
1967.5. 2255 638 190 ,802 223 2,171 413 851 350 15,115 
1968..........- 558 202 1,975 226 2,246 428 339 336 15,265 
1969... .......- 613 205 2,087 266 3,013 471 405 402 22,100 
170 8 607 176 2, 056 280 2, 848 456 420 416 24,972 


811 
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Table 2.—Expanded perlite produced and sbld by producers in the United States 


| 1969 1970 
| Quantity Sold or used Quahtity Sold or used 
State produced - — —— produced- | —— — 
(short Quanity Value Average (short Quantity Value Average 
tons) (short (thou- value tons) (short ^ (thou- value 
tons) sands) per ton tons) sands) per ton 
Califarnia._......:------ 16,980 16,410 $1,296 $78.98 24; 190 29,980 $1,912 379.78 
orida_.___..-..--.---- 10;410 9,420 816 71.76 15,490 14,890 855 59.42 
Georgia (1) (1) A (1) (1) (1) 2 (1) 
ine (1) (1) 3,119 o (0, o 38,175 00 
Indiana 1) D ` (1) (1) 5,200 5, 200 380 73.08 
ga. e 900 930 8 88.02 . T90 790 82 Ch 
aryſand 7,250 6740 4 67.36 „700 5.4 9 391 1: 
ssschusett s op 0. QQ. a. 250 1.250 147 117.60 
New Lor k 4,560 4, BBD 241 65:27 700 8,7710 (). () 
.... A 7,990. — 1,9 41 59:07 ,T90 7,790 455 41 
Oregon 51 510 44 8 20 360 360 36 100. 
ehnsylvünia. ........... „580 12,860 817 6 8,070 18,220 1,026 55.98 
Sas ------ 34,880 34,870 2262 81 46,030 6,030 3,834 78.95 
Other Eastern States 2 249; 190 247,680 9, pl 3 50:23 235,940 223,190 9,245 455.74 
Other Western States 5.._. 59,640 60,220 3 65,760 65,850 8,689 55.26 
Total 2. 404,820 402,170 22,100 54.95 419,790 416,220 24,972 60.00 


r Revised. . .. | 

1 Included with “Other Eastern Sta 

2 Includes Georg 

chusetts (1969); Michigan, Mississippi, New 
Carolina, Tennessëë, and Wisconsin 


3 Based on 
$3,119,000 for Illinois 
, | 


n tes," 
(1970 quantity only), Illinois (qui 
Hampshi 


itity only), Indiana (1969), Kentüci y, Mai le, Mass- 
e, New “Sores ^ Mine ants A 


uantity of 247,680 toris and value of 312,440,000 ($9,321,000 “Other Eastern States" pius 


rséy, New York (1970 value only), 


in quantity of 223,190 tons and value of $12,440,000 ($9,245,000 “Other Eastern States" plus 


Based o 
$20,000 for Georgia and $3,175,000 for illinois : 
5 Include: : 


cludes Arizohd, Colorado, Idaho, Iowa, Louisiana, Minnesota, Missouri, Nebraska, Nevada, Utah, and 


Washington. 


s Data may not add to totals shown because of independent roundirig. 


CONSUMPTION AND USES 


. Major uses for expanded perlite in 1970 
included filter aids, concrete aggregate, 


plaster aggregate, and insulation board. 


Table 3.—Disposition aiid end use of 
expanded perlite 


Th disposition of expanded mes x 

The percent disposition of expanded per- 55 
lite by end use is shown in table 3. Com-. we D 30 
pared with that of 1969, use of expanded ee 1!!! 16 28 
perlite as a filter aid increased from 18 Concrete aggregate. LIIIN 11 1 
percent to 23 percent, but use in plaster 5 peno tet . - = 
aggregate declined from 16 percent to 8 Masonry and cavity fill insulation 1 1 
percent. Some of the "Other uses" fot ex- B: E SES 1 1 
panded perlite included paint additives, Other l. - AR 47 


texturing, refractories, charcoal base, and 
oil absorbent. 


1 Includes insulation board. 


PRICES 


Producers sold crushed, cleaned, and 
sized crude perlite to expanding plants at 
án average price of $11.70 per short ton in 
1970 compared with $10.19 in 1969, The 
portion used by producers in their own 
expanding plants was valued at an average 
of $10.16 per ton compared with $11.30 
per ton in 1969. The weighted average of 


both. categories was $10.75 per ton in 1970, 
compared with $10.82 per ton in 1969. 

According to expanders, sold or used ex- 
panded perlite had an average value of 
$60.00 per ton compared with $54.95 per 
ton in 1969. However, average values by 
States in 1970 ranged from $25 to $175 per 
ton. 
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WORLD REVIEW 


Greece.—In 1970 Greece produced an es- 
timated 185,850 short tons of crude 
perlite.2 Processed perlite production was 
reported to be nearly 117,650 short tons, of 
which about 95 percent was exported, pri- 
marily to Western European consumers. 

Hungary.—Crude perlite was mined 
from deposits in the Zemplén Mountains 
area of northeastern Hungary. The crude 
material, a glassy volcanic rhyolite, was 
treated at a nearby modern plant built to 
manufacture expanded perlite products for 
use primarily as lightweight concrete ag- 
gregate, insulation materials, and filter 
aids. Hungarian perlite is also used as a 
batch constituent for the production of 
green glass. 

In 1970, the Hungarian Building Re- 
search Institute reported a method for im- 
proving the bonding properties of perlite 
in conerete by treating the basic perlite 
material with a sodium silicate admixture. 
Although no details of the method were 
described, the sodium silicate bonding ap- 
parently increases stress resistance in the 
product and also acts as an immediate 
drying agent.3 

Iceland.—During 1970, the Government 


continued to determine the feasibility of 
developing and utilizing known perlite de- 
posits on the eastern coast of Iceland as 
part of an industrial diversification pro- 
gram. 

Italy.—At yearend, Perlite S.p.A., an as- 
sociated company of British Gypsum Ltd., 
brought on stream a new perlite crushing 
and screening plant at Oristano, Sardinia. 
Perlite S.p.A. mines and expands crude 
perlite on the island of Sardinia, and the 
new plant will service the modern storage 
and ship loading facilities at Oristano. 

Mexico.—Perlite output totaled 13,566 
short tons in 1970 and was nearly 2,400 
tons more than the quantity produced in 
1969.4 

Philippines.—Perlite was mined by Trin- 
ity Lodge Mining Corp.; Vinnel Belvoir 
Construction Co., at Makati, Rizal, also re- 
ported mining perlite during the year. 
The Trinity Lodge deposit near Legaspi, 
Albay, was brought into production in 
May, and output by yearend was reported 
to be about 13,200 short tons. Trinity 
Lodge proposed to process the perlite in a 
plant scheduled to be in operation by 
mid-1971 at San Pedro, Laguna. 


TECHNOLOGY 


In 1970, the perlite industry placed its 
major technologic efforts on the develop- 
ment and application of new uses for per- 
lite in the field of environmental health 
and safety, Principal studies included the 
application of perlite as a lightweight con- 
crete crash barrier for highways, a carrier 
for pesticides, and as an oil absorbent for 
petroleum spills on inland water systems. 
Other studies included the use of perlite in 
low-cost, lightweight building panels and 
as a soil substitute in hydroponic farming. 


The industry also initiated the develop- 
ment of a specification for the use of per- 
lite as an inert filler in polyester resins. In 
addition, contracted work to various uni- 
versities and research organizations in early 
1970 was related to the use of perlite for a 
roughage substitute in animal feed. 


2 U.S. Embassy, 


Athens, Greece. State Dept. 
Airgram A-166, Apr. 29, 1971, p. 3, encl. 1. 
3 International Report. Budapest, Hungary. 


Rock Products, V. 73, No. 10, October 1970, p. 97. 
4 U.S. Embassy, Mexico D.F. State Dept. Air- 
gram Suppl. A-342, July 1, 1971, p. 8, encl. 1. 
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Crude Petroleum and 
Petroleum Products 


By James G. Kirby * and Betty M. Moore ? 


The total demand 3 for petroleum prod- 
ucts in 1970 averaged 14,940,000 barrels 
per day, an increase of 575,000 barrels per 
day or 4.0 percent over 1969 demand. 
Supply problems were complicated by 
disruptions in the Mediterranean and 
heavy worldwide demand for residual fuel 
oil. The Syrian Goverment refused permis- 
sion for the Trans Arabian Pipeline Co. 
(TAPline) to repair a small break in the 
pipeline that occurred early in May, de- 
manding higher tariffs from the company. 
This shut off 475,000 barrels of crude oil 
per day from the Middle East. The Libyan 
government placed restrictions on the 
crude oil production in that country while 
negotiating for increased royalties from the 
companies. Europe is the primary market 
for this Mediterranean oil and supplying 
Europe from the Middle East around 
South Africa required five times as many 
tankers because of the long haulage time. 
Short supply of tankers caused astronomi- 
cal increases in tanker rates throughout 
the world. The premium of about $1.25 
per barrel that overseas oil held over do- 
mestically produced oil in the East Coast 
markets of the United States declined more 
than 60 percent. Several inland refiners 
were unable to dispose of their crude oil 
and unfinished oil import quotas before 
the December 31 expiration date. Water- 
borne imports of crude oil declined at the 
rate of 200,000 barrels per day in 1970 but 
overland imports from Canada increased 
115,000 barrels per day and production of 
crude oil and lease condensate increased 
4.3 percent for the year to 9,637,000 barrels 
per day. 

Heavy demands for residual fuel oil for 
use in the generation of electric power 
both here and abroad caused a tight sup- 
ply and, with the higher shipping rates, 
prices for this fuel increased substantially. 


The data presented in this chapter are 
limited to the United States to permit a 
breakdown and balancing of supply and 
demand of operations by States and dis- 
tricts. The composition of the districts 
used by the Bureau of Mines is explained 
in a following section. 

The increasing volume of natural gas 
liquids recovered from natural gas has 
made it desirable to present data on these 
liquids with crude oil data, as these liq- 
uids are blended with refinery products 
and are similar to materials recovered 
from refinery gases. These natural gas liq- 
uids are recovered at natural-gas processing 
plants, away from the oil refineries. 

The Bureau of Mines uses crude-oil pro- 
duction data (including field condensate) 
compiled by State agencies for those States 
which compile the information. Where 
such data are not available, monthly ques- 
tionnaires are sent to all pipeline compa- 
nies operating within the State. Annual 
canvasses and State agencies also provide 
supplemental information on the value of 
crude petroleum at wells, and the number 
of producing wells. 

Individual refineries reported monthly 


1 Industry economist, Division of Fossil Fuels. 

? Statistical assistant, Division of Fossil Fuels. 

3 Certain terms as used in this chapter are more 
or less unique to the petroleum industry. Princi- 
pal terms and their meaning are: 

Total demand.—A derived figure representing 
total new supply plus decreases or minus in- 
creases in reported stocks. Because there are sub- 
stantial secondary and consumers' stocks that are 
not reported to the Bureau of Mines, this figure 
varies considerably from consumption. 

Domestic demand.—Total demand less exports. 

New Supply of all oils.—The sum of crude oil 
production plus production of natural gas liquids, 
plus benzol (coke-oven) used for motor fuel, 
hydrogen, and other hydrocarbons, plus imports 
of crude oil and other petroleum products. 
` Transfers.—Crude oil conveyed to fuel-oil stocks 
without processing, or reclassification of products 
from one product category to another. : 

All oils.—Crude petroleum, natural gas liquids, 
and their derivatives. 
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receipts, input, stocks, refinery production, 
and deliveries. Data on both product stocks 
at refineries and pipeline and bulk termi- 
nal stocks are collected. These data are 
also published monthly. Annually, sales of 
fuel oils, asphalt and road oils by uses, 
and refinery capacity are canvassed. 

Demand by  Product.—Gasoline.—The 
growth rate in domestic demand for motor 
gasoline in 1970 was below the level of the 
previous 2 years but the 4.7 percent gain 
was exactly the same as the previous 5- 
year trend and averaged 5,784,000 barrels 
per day. The demand for aviation gasoline 
continued to decline and averaged only 
55,000 barrels per day in 1970. 

Distillate Fuel Oil.—It is expected, that 
because of its lower sulfur content, more 
distillate fuel oil will be substituted for 
higher sulfur content fuels in areas with 
emission controls. The change was not too 
apparent in 1970 as the domestic demand 
for distillate showed only a normal 3-per- 
cent increase and averaged 2,540,000 bar- 
rels per day for the year. Most of the de- 
mand increase in 1970 was for use in 
gas-turbine plants of electric utility compa- 
nies. 

Residual Fuel Oil.—As in 1969, the use of 
residual fuel oil for the generation of elec- 
tricity was responsible for practically all 
the increase in demand for that product in 
1970. Domestic demand for 1970 averaged 
2,204,000 barrels per day, an increase of 
11.4 percent over 1969 demand. Demand in 
PAD district 1 which represents 74.2 per- 
cent of the U.S, total increased at the rate 
of 231,000 barrels per day to 1,635,000 bar- 
rels per day in 1970 while demand declined 
in both PAD districts IV and V. 

Kerosine.—The amount of kerosine used 
for space-heating and for uses other than 
jet aircraft fuel was 4.4 percent less than 
in 1969. Demand for the year averaged 
263,000 barrels per day. 

Jet Fuels.—The demand for naphtha- 
type fuels, used primarily by the military, 
was down 16.2 percent in 1970, declining 
from 297,000 barrels per day in 1969 to 
249,000 barrels per day. In an effort to 
curb revenue losses, the commercial air- 
lines rearranged and regrouped schedules 
that resulted in a slowdown in the growth 
in demand for kerosine-type jet fuel. In 
1970 the demand for this commercial-type 
jet fuel averaged 716,000 barrels per day, a 
gain of only 3.2 percent while in 1969 the 
gain was 14.0 percent. 
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Liquefied Gases and Ethane.—The de- 
mand for liquefied gases in 1970 was 
996,000 barrels per day, 2.6 percent below 
the 1969 level, but the demand for ethane 
increased 16.2 percent for the year to 
230,000 barrels per day. More detail on 
liquefied gases and ethane can be found in 
the "Natural Gas Liquids" chapter. 


Other Products.—This category includes, 
refinery gas used for fuel, asphalt, petro- 
chemical feedstocks, petroleum coke, lubri- 
cating oils, special naphthas, miscellaneous 
products, road oil, and wax. Refiners used 
449,000 barrels per day of still gas for fuel 
in 1970 and 34,000 barrels per day for the 
petrochemical feedstocks. Asphalt demand 
averaged 420,000 barrels per day (76,450 
short tons), an increase of 6.9 percent for 
the year. The demand for petrochemical 
feedstocks continued to be strong in 1970, 
increasing 7.0 percent to 277,000 barrels 
per day. More marketable coke was pro- 
duced and sold in 1970, but exports ac- 
counted for almost 51.7 percent of the 
sales compared with 44.3 percent in 1969. 
Refiners utilized 4.1 percent less catalyst 
coke as fuel in 1970. Domestic demand for 
petroleum coke averaged 212,000 barrels 
per day compared with 221,000 barrels per 
day in 1969. The domestic demand for lu- 
bricating oils increased 1.9 percent in 1970 
to an average of 136,000 barrels per day 
while exports declined 2.1 percent. Domes- 
tic demand for special naphtha increased 
5.4 percent to 85,000 barrels per day, but 
exports declined slightly. There was a 
sharp decline, 9.8 percent, in the demand 
for miscellaneous finished products in 1970. 
Included in this group are various spe- 
cialty oils, medicinal oils, spray oils, and 
petrochemicals. The demand for road oil 
averaged 26,000 barrels per day in 1970 
and the demand for wax remained at 1969 
level of 13,000 barrels per day. 


Shipments to U.S. Territories and Posses- 
sions, Domestic demand as defined in this 
chapter, refers to demand in all States of 
the United States. Shipments from the 
United States to territories and possessions 
are included with exports. Any foreign re- 
ceipts into these territories and possessions 
are not included in the total imports 
shown. 


Shipments from territories and posses- 
sions to foreign countries are excluded 
from exports. Shipments to the United 
States are included in imports. 
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Table 1.—Salient statistics of crude petroleum, refined products, 
and natural gas liquids in the United States 


(Thousand 42-gallon barrels unless otherwise indicated) 


1966 1967 1968 1969 1970 p 
Crude petroleum: 
Domestic production (including 
lease condensate) ..............- 8,027,763 3,215,742 3, 329,042 3,371,751 3,517,450 
World production. ..............- 12,019,964 12,889,252 14, 093, 150 15,214,038 16,689,617 
U.S. proportion percent.. 25 25 24 22 21 
Exports 1144. 1.477 26, 541 1,802 1,436 4,991 
Imports? ß 447,120 411,649 472,323 514,114 483,298 
Stocks, end of year 238,391 248,970 272,193 265,227 276,867 
Runs to stills „4 3,447,193 3,582,594 3,774,360 3,879,605 3,967,503 
Value of domestic product at wells: 
lll thousands. $8,726,423 $9,375,727 $9,794,826 $10,426,680 $11,173,726 
Average per barrel. 2.88 $2.92 $2.94 $3.09 $3.18 
Total producing oil wells Dec. 31 583,302 565,289 553,920 542,227 530,990 
Total oil wells completed during 
ear | eat aes wells) 16,780 15,329 14,342 14,368 13,020 
Refined products: 
Exporta lucia 70,923 85,519 82,742 83,449 89,252 
Imports ee 492 , 042 514,342 567,046 641,437 164,099 
Stocks, end of year 602,291 629,399 r 647,439 656,344 675,502 
Completed refineries, yearend...... 281 291 284 281 279 
Daily crude-oil capacity........... 10,760 11,533 11,740 12,074 13,020 
Natural gas liquids: 
Production__..........--.....-.- 468,635 514,456 550,311 580,241 605,916 
ai Gier end of year 40,423 65,742 77,940 58, 552 65,992 
oils: 
Total demand 4,897,469 4,593,270 4,878,776 5,244,815 6,458,261 
EXDOPRS-......- S Ou cias 72,400 12,060 84,544 ,885 ,243 
Domestic demand... 4,325,069 4,481,210 4,789,282 5,159,930 5, 364, 018 
p Preliminary (except for crude production and value). r Revised. 


1 U.S. Department of Commerce data 


2 Bureau of Mines data for crude oil and unfinished oils. 
3 U.S. Department of Commerce data, except for unfinished oils. | 
Stocks of refined products also include stocks of unfinished oils, natural gasoline, plant condensate, and 


isopentane. 


Districts.—The Bureau of Mines reports 
production of crude petroleum and natural 
gas liquids and the number of wells 
drilled by States. Louisiana, New Mexico, 
and Texas are also reported by districts. 

New Mexico has two widely separated 
producing areas. The Southeastern district 
comprises mainly Lea, Eddy, Chaves, and 
Roosevelt Counties The Northwestern 
district comprises mainly San Juan, Rio 
Arriba, Sandoval, and McKinley Counties. 

The Bureau of Mines producing districts 
in Texas correspond, with one exception, 
to grouping of the Texas Railroad Com- 
mission districts. 


Bureau of Mines Railroad Commission 


districts districts 
Gulf Coast Nos. 2 and 3. 
West Texas Nos. 7C, 8, and Sa. 
East Proper Part of No. 6 (East Texas field 
in Cherokee, Smith, Upshur, 
Rush, and Gregg). 
Panhandle......... No. 10. 
Rest of State: 
North. .......- Nos. 7B and 9 
Central........ o. 1. 
Sou tn o. 4. 
Other East Texas.. Nos. 5 and 6 (exclusive of East 


Proper). 
Separate production data are shown for 
the Louisiana Gulf Coast, including the 
offshore area. 


The Bureau of Mines groups refinery 
operations into another set of districts 
called refining districts. These refining dis- 
tricts correspond with grouping originated 
by the Petroleum Administration for War 
during World War II which were called 
PAW districts. The PAW districts were 
later changed to PAD (Petroleum Admin- 
istration for Defense) districts. 


PAD 
district Refining districts 


I—East Coast—District of Columbia, Maine, New 
Hampshire, Vermont, Massachusetts, Rhode 
Island, Connecticut, New Jersey, Delaware, 
Maryland, Virginia, North Carolina, South 
Carolina, Georgia, and Florida, and the 
following counties of New York: Cayuga, 
Tompkins, Chemung, and all counties east 
and north thereof, and the following coun- 
ties of Pennsylvania: Bradford, Sullivan, 
Columbia, Montour, Northumberland, Dau- 
phin, York, and all counties east thereof. 


I—Appalachian No. 1—West Virginia and those 
parts of Pennsylvania and New York not 
included in the East Coast district. 


II—Appalachian No. 2—The following counties 
of Ohio: Erie, Huron, Crawford, Marion, 
Delaware, Franklin, Pickaway, Ross, Pike, 
Scioto, and all counties east thereof. 


II —Indiana-Illinois-Kentucky—lndiana, Illinois, 
Kentucky, Tennessee, Michigan, and that 
part of Ohio not included in the Appala- 
chian district. 
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Figure 1.—Supply and demand of all oils in the United States. 


PAD 

district Refining districts 

II—Oklahoma-Kansas-Missouri—Oklahoma, Kansas, 
Missouri, Nebraska, and Iowa. 

II—Minnesota-Wisconsin-North Dakota-South Da- 
kota—Minnesota, Wisconsin, North Dakota, 
and South Dakota. 


III—Texas Inland—Texas, except Texas Gulf Coast 
district. 

III—Texas Gulf Coast—The following counties of 
Texas: Newton, Orange, Jefferson, Jasper, 
Tyler, Hardin, Liberty, Chambers, Polk, 
San Jacinto, Montgomery, Harris, Galveston, 


Waller, Fort Bend, Brazoria, Wharton, 
Matagorda, Jackson, Victoria, Calhoun, 
Refugio, Aransas, San Patricio, Nueces, 


Kleberg, Kenedy, Willacy, and Cameron. 


PAD 
district Refining districts 


III—Louisiana Gulf Coast~The following parishes 
of Louisiana: Vernon, Rapides, Avoyelles, 
Pointe Coupee, West Feliciana, East Felic- 
iana, Tangipahoa, St. Helena, Washington, 
and all parishes south thereof; the following 
counties of Mississippi: Pearl River, Stone, 
George, Hancock, Harrison, and Jackson; 
and Mobile and Baldwin Counties, Ala. 

III—North Louisiana-Arkansas—Arkansas and those 
parts of Louisiana, Mississippi, and Alabama 
not included in the Louisiana Gulf Coast 
district. 

III—New Mexico—New Mexico. 

IV—Rocky Mountain—Montana, Idaho, Wyoming, 
Utah, and Colorado. 

V—West Coast—Washington, Oregon, California, 
Nevada, Alaska, Arizona, and Hawaii. 


re—- 
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Figure 2.—Map of PAD Districts and Bureau of Mines Refining Districts. 
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CRUDE PETROLEUM 


PRODUCTION 


Crude oil production (including lease 
condensate) in the United States in 1970 
was 3,517,450,000 barrels, 145,699,000 above 
the 1969 level. Production exceeded the 
10,000,000-barrel-per day mark for the first 
time in October. The events in the Medi- 
terranean which disrupted normal supply 
patterns and caused tanker rates to soar 
eliminated to a large extent the price ad- 
vantages that overseas crude oil had over 
domestic crude oil in the east and west 
coast markets. Although crude stocks built 
up during the first 5 months of 1970 and 
major producing States reduced production 
levels, it became apparent late in July that 
overseas oil supply would be below annual 
quota levels, consequently domestic produc- 
tion was stepped up to meet demand re- 
quirements. Of the 10 States reporting pro- 
duction increases for the year, Texas with 
an increase of 97.9 million barrels and 
Louisiana with an increase of 62.3 million 
barrels, were the only States with substan- 
tial gains. Production declined in 20 States 
and one State reported no change for the 
year. 

Additional data on crude oil production, 
by States, can be found in volume II of 
the 1970 Minerals Yearbook. 

After two trial runs by a tanker fitted 
with special ice breaking equipment, it was 
determined that moving the vast reserves 
of oil from the North Slope of Alaska to 
the east coast by way of the Arctic Ocean 
was not feasible at this time. In the mean- 
time much of the pipe for construction of 
the proposed pipeline from Prudhoe Bay to 
southern Alaska awaits in storage at Valdez 
pending decisions by the U.S. Government 
as to whether the line can or cannot be 
built. At recent hearings held by the U.S. 
Department of the Interior in Washing- 
ton, D.C., and in Alaska, strong support 
was given to a proposal that the pipeline 
be built through the Mackenzie Valley in 
Canada. This line would connect with the 
Inter-Provincial Pipeline for delivery of 
the Alaskan Oil to the midcontinent area 
of the United States instead of to the west 
coast markets. Proponents of the Canadian 
route claim there is less chance of damage 
to the ecology since the valley route would 
be outside the earthquake prone area of 
Alaska. Since no tanker shipments would 


be involved as would be the case if the oil 
was transshipped from Valdez to the west 
coast markets, there would be less chance 
of pollution. 


CONSUMPTION 


The total demand for crude oil in the 
United States in 1970 averaged 10.9 million 
barrels per day of which 9.6 million bar- 
rels per day was supplied by domestic 
sources and 1.3 million barrels per day 
came from foreign sources. The demand 
for domestic crude oil increased 3.9 per- 
cent while the demand for foreign crude 
oil declined 6.6 percent. 

Runs to Stills. —Refineries processed 
crude oil at an average rate of 10,870,000 
barrels per day in 1970, compared with 
10,629,000 barrels in 1969. Runs to stills 
reached a high of 11,183,000 barrels per 
day in December and, based on the total 
operable capacity January 1, 1970, refiner- 
ies were operating at 93.0 percent of ca- 
pacity. 

Demand by States of Origin.—Distribu- 
tion of domestic crude oil can be analyzed 
from the individual refinery reports that 
show origin of the crude oil receipts and 
from crude oil stock reports filed by refi- 
ners and pipeline and terminal operators 
which show stocks of crude oil by States of 
origin and location. When long-distance 
shipments are involved, various crude oils 
may be mixed in transit or storage, and 
identification by origin may be only ap- 
proximate. 


SUPPLY AND DISTRIBUTION 


The total distribution of crude oil in 
1970 was 3,981.9 million barrels of which 
domestic crude oil accounted for 3,499.4 
million barrels and foreign crude oil for 
482.5 million barrels. The total new supply 
of crude oil in 1970 was 4,000.8 million 
barrels, including the production of crude 
oil and lease condensate of 3,517.5 million 
barrels and imports of 483.3 million bar- 
rels. Stocks of domestic crude oil increased 
10.4 million barrels and foreign stocks in- 
creased 0.8 million barrels. The difference, a 
minus 7.7 million barrels, was classed as 
“unaccounted-for crude oil" to avoid mak- 
ing arbitrary adjustments in the reported 
supply or consumption. 
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Figure 3.—Production of crude petroleum in the United States, 
by principal producing States. 


PRODUCTION CAPACITY 


According to the American Petroleum 
Institute (API), the maximum crude oil 
production that could be attained in the 
United States as of January 1, 1971 was 
11.2 million barrels per day, down 0.4 mil- 
lion barrels per day from January 1, 1970. 
This estimate is based on the assumption 
that such production could be achieved in 
90 days with existing wells, well equip- 
ment, and present surface facilities, plus 
work changes that could be accomplished 
within that time. 


WELLS 


Drilling activity was off sharply in 1970. 
A total of 28,120 new wells were drilled, 
4,053 or 12.6 percent less than in 1969. Of 
the total wells drilled for the year, 13,020 
were completed as oil wells, 3,840 as gas 


wells, and 11,260 were abandoned as dry 
holes. The total footage drilled per well was 
4,953 feet compared with 4,881 feet in 
1969. 

Offshore drilling operations were at a 
much slower pace in 1970. The oil spills 
in the Santa Barbara Channel off the coast 
of California in 1969 and the blowout of a 
well in the Gulf of Mexico off the coast of 
Louisiana caused concern over damage to 
the ecology. The U.S. Department of the 
Interior delayed lease sales of offshore 
acreage in the Gulf and withheld approval 
of drilling permits in the channel while 
environmental studies were conducted. In 
an effort to forestall future damage, the 
U.S. Geological Survey Conservation Divi- 
sion beefed up inspection procedures to in- 
sure that all rules and regulations govern- 
ing offshore drilling and production were 
enforced. 
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Figure 4.—Wells drilled for oil and gas in the United States, by quarters. 


RESERVES 


The API Committee on Petroleum Re- 
serves estimated proved reserves of crude 
oil as of December 31, 1970, to be 39,001 
million barrels, an increase of 9,369 mil- 
lion barrels for the year. Included in the 
reserve estimates for 1970 were 9,600 mil- 
lion barrels of proved reserves of crude oil 
in the Prudhoe Bay area on the North 
Slope of Alaska which were discovered in 
1968. Excluding Alaska, reserves in the 
lower 48 States declined 348 million bar- 
rels. The only substantial addition to re- 
serves other than in Alaska was in West 
Texas where 564 million barrels were 
added, however, all other districts in the 
State declined so the net addition to Texas 
was 132 million barrels. The largest de- 


cline for the year was in California where 
a decrease of 259 million barrels was re- 
ported. 


REFINED PRODUCTS 


Petroleum products account for approxi- 
mately 43 percent of the nations energy 
requirements. These products supply about 
96 percent of the fuels used for transporta- 
tion; 45 percent of those used in house- 
hold and commercial establishments; 25 
percent for industrial installations; and 13 
percent for the generation of electricity by 
the utilities. 

Gasoline is consumed principally in 
highway transport, aviation, mechanized 
farming, and power boating. Kerosine 
(other than the straight-run kerosine used 
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as fuel in commercial jet aircraft) is used 
primarily in space heaters, as range oil or 
for farm equipment. Distillate fuel oils, 
which include the light diesel fuels, are 
used for space heating, locomotive fuel, in- 
dustrial use, vessel use, and by the mili- 
tary. Residual fuel oil is used primarily in 
electric utilities anf for heavy-fuel use. Re- 
sidual fuels usually sell for less than crude 
oil at the refineries. As it is not normally 
moved by pipeline, its distribution depends 
on low-cost water transportation and lim- 
ited tank movement. 

Liquefied gases, in competition with ker- 
osine and light distillate fuel oil for do- 
mestic use, are used as fuel in 
internal-combustion engines and are be- 
coming increasingly important as the ini- 
tial raw material in the development of 
many petrochemicals. 

The total demand for petroleum prod- 
ucts averaged 14,940,000 barrels per day in 
1970, including a domestic demand of 
14,696,000 barrels per day and exports of 
244,000 barrels per day. Compared with 
1969 figures, total demand increased 4.0 
percent, domestic demand increased 4.0 
percent, and exports were up 7.0 percent. 

Total supply for the year averaged 
15,069,000 barrels per day and after allow- 
ing for crude oil losses and exports there 
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was an average addition to stocks of 
103,000 barrels per day for the year. 


GASOLINE 


The 4.7 percent growth rate for motor 
gasoline in 1970 was below the gains re- 
ported for 1968 and 1969. Domestic de- 
mand averaged 5,784,000 barrels per day 
compared with 5,526,000 barrels per day in 
1969. To the market in 1970, several refin- 
ing companies introduced new lead-free gas- 
olines designed to meet fuel requirements 
of the new cars presently being manufac- 
tured under present emission control regu- 
lations and the more stringent regulations 
projected for 1975. 

The new supply of motor gasoline in 
1970 was 2,110 millions barrels, of which 
1,796 million barrels was produced from 
crude oil, 284 million was from natural gas 
liquids, 6 million from other hydrocarbons 
and hydrogens, and 24 million was im- 
ported. 

According to data compiled by the API 
based on tax data reported by the States, 
2,127 million barrels of motor gasoline 
were consumed in the United States in 
1970 compared with 2,034 million in 1969. 
This difters from the demand data com- 
piled by the Bureau of Mines, which do 
not include changes in secondary storage. 


Figure 5.—Production, domestic demand, stocks, and exports of gasoline 
in the United States. 
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KEROSINE 


The demand for kerosine, exclusive of 
that used in fuel, continued to decline in 
1970. The daily average demand for 1970, 
263,000 barrels, was the lowest reported 
since 1964. The principal use for kerosine 
is for space heaters; however, because it is 
convenient propane (bottled gas) is grad- 
ually taking over this market. Stocks of 
kerosine at the close of 1970 were 27.8 mil- 
lion barrels, 1 million above the December 
1969 level. 


DISTILLATE FUEL OIL 


For the first half of 1970 the demand for 
distillate fuel oil showed a 4.7-percent gain 
over the previous year but the general de- 
cline in industrial activity and warmer 
that normal weather slowed the growth in 
the last half to only 1.0 percent. For the 
year, domestic demand averaged 2,540,000 
barrels per day, an increase of 3.2 percent 
or 74,000 barrels per day. Electric utility 
companies used more gas-turbine plants to 
meet peak load requirements in 1970 in- 
creasing the utility use of distillate fuel oil 
from 9,000 barrels per day in 1969 to 
66,000 barrels per day in 1970. This repre- 
sents 77.0 percent of the total growth of 
distillate fuel oil demand for the year. 

Stocks of distillate fuel oil at the end of 
1970 were 195 million barrels compared 
with 172 million December 31, 1969. From 
May thru August stocks were running be- 
tween 4 and 5 million above year-ago lev- 
els but built up during the last 4 months 
because of the lew demand. 

Although import restrictions on No. 4 
distillate fuel oil were relaxed in 1969 and 
the Oil Import Administration allocated 
licenses to terminal operators in District I 
to import 40,000 barrels per day of No. 2 
distillate fuel into the district during the 
last half of 1970, imports increased only 
8,000 barrles per day during the year to 
148,000 barrels per day. 


RESIDUAL FUEL OIL 


Since enactment of air pollution controls 
both here and abroad, residual fuel has 
become one of the most sought after pe- 
troleum products in the world market. 
This is especially true of residual fuel with 
a low sulfur content that will meet air- 
quality standards and can be substituted 
for coal. Some Caribbean refineries have 
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installed equipment that enables them to 
produce a low sulfur fuel oil and others 
have announced plans for such facilities. 
In the meantime, more communities are 
enacting stricter regulations and the supply 
problem is growing more difficult. The dg- 
mestic demand for residual fuel oil in- 
creased 11.4 percent in 1970 to 2,204,000 
barrels per day. Electric utilities used an 
average of 844,000 barrels per day of resid- 
ual fuel oil for the generation of electric 
power in 1970 compared with 678,000 bar- 
rels per day in 1969, an increase of 24.4 
percent. 

The United States imported an average 
of 1,528,000 barrels of residual fuel oil or 
almost 68 percent of the demand require- 
ments in 1970, 96 percent of these imports 
were received in PAD district I. 

The tight supply situation and the high 
increase in tanker rates which occurred 
during 1970 caused a sharp jump in resid- 
ual fuel oil prices. The New York Harbor 
posted barge price for No. 6 residual fuel 
oil (no sulfur guarantee) increased from 
an average of $2.20 per barrel in 1969 to 
$2.80 in 1970. For a No. 6 fuel oil (maxi- 
mum ] percent sulfur), the posted price 
increased from $2.45 per barrel to $3.26. 

Total residual fuel oil stocks at the end 
of 1970 were 54.0 million barrels, a decline 
of 4.4 million barrels for the year; how- 
ever, this decline was limited to the west 
coast where stocks were down 10.8 million 
barrels. 


JET FUELS 


The slow growth in commercial air 
travel during 1970 and a further cutback 
by the military caused a decline in the de- 
mand for jet fuels for the first time since 
separate records were kept on these fuels. 
The domestic demand for jet fuels in 1970 
was 965,000 barrels per day, a decline of 2.5 
percent for the year. The demand for the 
naphtha-type jet fuel used primarily by 
the military declined 48,000 barrels per 


| day to 249,000 thousand barrels. The de- 


mand for kerosine-type fuel used in com- 
mercial aircraft increased 22,000 barrels 
per day during the year to 716,000 barrels 
daily. 

Imports of jet fuel averaged 143,000 
barrels daily in 1970 of which 128,000 bar- 
rels daily was imported in bond for use as 
fuel for aircraft engaged in flights with 
destinations outside the United States. 
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There are no customs duties on these im- 
ports, and bonded imports of such fuels 
are not subject to import control regula- 
tions. 


LUBRICANTS 


According to a survey conducted by the 
Bureau of the Census, 51 percent of the 
domestic sales of lubricants in 1969 were 
for industrial uses and 49 percent were for 
automotive and aviation use. In the export 
market, industrial uses accounted for 85 
percent. 

The total demand for lubricants in 1970 
was 65.5 million barrels, an increase of less 
than 1 percent, exports continued to de- 
cline but the domestic demand, 49.7 mil- 
lion barrels, was up 1.9 percent for the 
year. 

For the most part, posted prices for lu- 
bricating oils did not change in 1970. An 
increase was posted in November at the 
Gulf Coast but was rescinded 2 days later. 


LIQUEFIED GASES, ETHANE, AND ETHYLENE 


Liquefied gases are derived from two 
sources. Those produced at refineries are 
called liquefied refinery gases to distinguish 
them from liquefied petroleum gases pro- 
duced from natural gas. The liquefied pe- 
troleum gases (LPG) are all saturated 
(propane, butane, etc.). The liquefied re- 
finery gases (LRG) may contain unsatu- 
rated compounds or olefins (propylene, bu- 
tylene, etc). The olefins are used as 
feedstocks for chemical plants, and the sat- 
urated gases may be used as chemical raw 
materials or as fuel. 

Separate data are collected on liquefied 
refinery gas used as fuel and that used as 
raw material for petrochemical feedstocks. 
Liquefied gases are also used in producing 
gasoline and are reported in this chapter 
as natural gas liquids at refineries or as 
gasoline. 

The total demand for liquefied gases, ex- 
cluding that blended into other products 
at refineries or terminals in 1970 was 
373,254,000 barrels compared with 
386,207,000 barrels in 1969. Domestic de- 
mand for the year declined 2.6 percent 
and exports declined 24.6 percent. The de- 
mand for ethane (including ethylene) was 
83,757,000 barrels in 1970 compared with 
72,216,000 barrels in 1969. 

More detailed information on liquefied 
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gases may be found in the chapter on nat- 
ural gas liquids. 


ASPHALT AND ROAD OIL 


Shipments of asphalt and asphaltic prod- 
ucts in the United States in 1970 were 
30,458,000 short tons, an increase of 8.2 
percent over 1969 figures. Shipments of as- 
phalt for paving represented 78.1 percent 
of the total use in 1970 and were 11.5 per- 
cent above the previous year. The contin- 
ued slowdown in new construction in 1970 
resulted in a further decline in roofing 
products of 6.7 percent for the year. After 
a 2-year decline shipments of asphalt prod- 
ucts increased 8.2 percent in 1970. The 
shipment data include, in addition to re- 
finery production and imports, various 
emulsifiers and blenders. 

The domestic demand for asphalt in 
1970 was 27,904,000 short tons, an increase 
for the year of 7.1 percent. 

The demand for road oil increased 10.1 
percent in 1970 to 9,641,000 barrels. 


OTHER PRODUCTS 


Special Naphthas.—The use of special 
naphthas in the domestic market increased 
5.4 percent in 1970, to 31.2 million barrels. 

Exports declined from 2.0 million barrels 
in 1969, to 1.6 million barrels in 1970. Spe- 
cial naphthas are used primarily for paint 
thinners, cleaning agents, and solvents. 

Waxes.—The total demand for petro- 
leum wax in 1970 was 898,100 short tons, 
an increase of 3.3 percent for the year. 
The domestic demand, 644,840 tons, was 
only 0.4 percent above the 1969 level, but 
exports increased 11.5 percent to 253,260 
tons. The API conducts an annual survey 
of wax sales in the United States by the 
petroleum industry. The 1970 survey repre- 
sents about 89 percent of the domestic de- 
mand reported by the Bureau of Mines. A 
breakdown of the 1970 data, by end use 
and percentage change, from 1969 are as 
follows: Paperboard containers, 139,513 
tons, up 6.7 percent; corrugated paper- 
board, 63,881 tons, up 10.3 percent; can- 
dles, molded novelties, and decorative 
items, 97,294 tons, up 21.7 percent; paper 
wrappers, 86,727 tons, down 19.5 percent; 
and all other uses 187,875 tons, up 0.2 per- 
cent. 

Coke.—The total demand for petroleum 
coke in 1970 was 21,554,000 short tons 
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compared with 20,773,000 tons in 1969. 
The demand for coke in the export mar- 
ket was exceptionally strong in 1970. A 
total of 6,111,000 tons was exported, an in- 
crease for the year of 32.7 percent. The 
domestic demand for the year, 15,444,000 
tons, was 4.5 percent less than in 1969. Re- 
finers used 10,413,000 tons as fuel in 1970, 
including, 9,753,000 tons of catalyst coke 
and 660,000 tons of marketable coke. Cata- 
lyst coke is formed on catalytic cracking 
units in the refining process and can only 
be used as a refinery fuel. 


Still Gas.—Refineries used 163,905,000 
barrels (1,003,633 million cubic feet) of 
still gas as fuel in 1970 and 12,564,000 bar- 
rels was used as petrochemical feedstocks. 
This compares with 160,363,000 barrels 
used as fuel in 1969 and 9,985,000 barrels 
used as petrochemical feedstocks. 


Petrochemical Feedstocks.—Petroleum re- 
fineries supplied the petrochemical indus- 
try in the United States 101,026,000 barrels 
of feedstocks (other than LRG) in 1970 
and exported 3,776,000 barrels. The domes- 


TRANSPORTATION 


CRUDE OIL 


A transportation system consisting of 
pipelines, tankers, barges, tank cars, and 
tank trucks moves the crude petroleum to 
refineries for processing. Refineries received 
77.4 percent of their crude oil supply by 
pipeline, 21.5 percent by water, and the 
remaining 1.1 percent by tank cars and 
tank trucks in 1970. 

The eastern seaboard States (PAD dis- 
trict I), represent 39.8 percent of the do- 
mestic market for petroleum in the United 
States and receive a major part of their 
domestic supply of crude oil and refined 
products (3.4 million barrels per day in 
1970) from PAD district 111. PAD district 
II, the second largest consuming sector, 
also receives a substantial share of demand 
requirements of crude oil and refined 
products from PAD district III (2.0 mil- 
lion barrels per day in 1970). 

Data collected on receipts of domestic 
and foreign crude petroleum at refineries 
in the United States show receipts from 
local production (intrastate) , receipts from 
other States (interstate) and receipts of 
imported crude. These data indicate the 
final receipts by method of transportation 
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tic demand increased 6.7 percent for the 
ycar while exports declined 1.9 percent. 

Unfinished Oils.—Unfinished oils are oils 
that have been partially refined and will 
be further processed by a refinery. The 
rerun (net) of unfinished oil represents 
the receipts of domestic or foreign oil plus 
or minus the stock change. Unfinished oils 
arc included with crude oil under the 
quotas established by the Oil Import Ad- 
ministration. By regulation, unfinished oil 
imports are restricted to 15 percent of the 
crude oil and the unfinished oil quota in 
Districts I-IV and to 25 percent in District 
V. 

Miscellaneous Finished Products.—The 
petroleum industry produces a variety of 
miscellaneous products that are sold di- 
rectly to consumers or are sold in bulk to 
specialty companies which package and dis- 
tribute them under various trade names. 
Included in this category are absorption 
oils, medicinal oils, insecticides, petrochem- 
icals, and solvents. The domestic demand 
for these products in 1970 was 14,843,000 
barrels. 


AND DISTRIBUTION 


—water, pipelines, tank car, and truck. Re- 
ceipts of domestic crude by water usually 
are moved by pipeline from the point of 
production to the point of water shipment. 

The total receipts of crude oil at refin- 
eries in 1970 were 3,973.3 million barrels, 
an increase of 94.7 million barrels for the 
year. Receipts from domestic sources in- 
creased 127.7 million barrels in 1970, over- 
land receipts of foreign crude oil were 37.6 
million barrels higher, but foreign receipts 
from overseas sources decreased 70.6 mil- 
lion barrels. 

During 1970 refineries processed 3,967.5 
million barrels of crude oil, reported a net 
of 1.4 million barrels used for refinery fuel 
and losses, and added 4.3 million barrels 
to inventories. 

In 1970, refiners in PAD district I proc- 
essed crude oil at the rate of 1,290,000 bar- 
rels per day, with 45.3 percent of the 
input being from foreign sources; 2.4 per- 
cent from crude oil produced in the dis- 
trict; 50.5 percent received from PAD dis- 
trict III, and the balance received by 
pipelines from PAD districts II and IV. 
This was only 22 percent of the demand 
for petroleum products in the district. 


CRUDE PETROLEUM AND PETROLEUM PRODUCTS 


While crude runs to stills in PAD dis- 
trict 11 increased 141,000 barrels per day in 
1970 to 3,154,000 barrels per day, crude oil 
production declined 45,000 barrels per day. 
To meet crude oil demand requirements 
for the district, receipts from PAD district 
III were increased at an average rate of 
145,000 barrels per day to 1,454,000 barrels, 
and imports from Canada were stepped up 
to 317,000 barrels per day, 75,000 barrels 
above the 1969 daily average. PAD district 
IV supplied 274,000 barrels per day, an av- 
erage of 28,000 barrels per day below the 
1969 level. 

PAD districts MI and IV arc surplus 
crude oil areas and receive only token 
amounts of oil from other districts or from 
foreign sources. 

Through secondary recovery projects, 
crude oil production in Alaska increased 
enough in 1970 to offset production losses 
in the other district V States. However, the 
increase for the district was only 6,000 
barrels per day and crude oil requirements 
for 1970 were 19,000 barrels per day 
higher. Overseas supplies of foreign crude 
oil were 26,000 barrels per day below the 
1969 level because of the tight tanker situ- 
ation, but overland pipeline shipments 
from Canada were increased at the average 
rate of 12,000 barrels per day for the year. 
To meet the crude oil requirements for 
district V in 1970, it was necessary to with- 
draw 5.2 million barrels from storage. 


REFINED PRODUCTS 


The domestic product demand in the 
United States in 1970 (14,696,000 barrels 
per day) is broken down by PAD districts 
as follows: District I, 5,853,000; district II, 
4,041,000; district III, 2,478,000; district IV, 
370,000; and district V, 1,954,000. 

The output of refineries and natural gas 
liquids plants in PAD district I supply 
about one-fourth of that district’s require- 
ments. In 1970, an average of 4,536,000 
barrels per day of refined products was 
shipped into the district. A breakdown of 
these receipts of refined products in barrels 
per day is as follows: From foreign sources, 
1,785,000; from PAD district III by pipe- 
line, 1,441,000; by tanker, 1,191,000; and by 
river barge, 63,000; from PAD district II, 
54,000 by pipeline; and from PAD district 
V, 2,000 by tanker. 

PAD district II received an average of 
722,000 barrels per day of refined products 
in 1970. PAD district III supplied 534,000 
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barrels per day (212,000 by river barge 
and 322,000 by pipeline); pipeline ship- 
ments from PAD district I averaged 
120,000 barrels per day; pipeline shipments 
from PAD district IV averaged 21,000 bar- 
rels per day; and imports supplied the re- 
maining 47,000 barrels per day. 

Although PAD district III is a surplus 
producing area and shipped a total of 
3,316,000 barrels per day to the other dis- 
tricts, an average of 128,000 barrels of re- 
fined products were shipped into the dis- 
trict in 1970. This includes pipeline 
receipts of 68,000 barrels per day from 
PAD district II, 3,000 barrels per day from 
PAD district IV, and imports from foreign 
sources of 57,000 barrels per day. 

PAD district IV, also a surplus produc- 
ing area, shipped an average of 118,000 
barrels per day but received 55,000 barrels 
per day in 1970 (27,000 from PAD district 
III, 19,000 from PAD district V, and im- 
ports of 9,000 from Canada). 

PAD district V received 236,000 barrels 
per day of refined products in 1970. PAD 
district IV supplied 94,000 barrels per day; 
PAD district III supplied 60,000 barrels 
per day; and imported oil supplied the re- 
maining 82,000 barrels per day. 


PIPELINES 


The Interstate Commerce Commission 
reported that there were 171,782 miles of 
interstate pipelines transporting crude oil 
and petroleum products as of December 
31, 1970. This was an increase for the year 
of 5,240 miles (5,760-mile increase in re- 
fined products lines and a decrease of 520 
miles in crude oil gathering and trunk 
line). The Bureau of Mines conducts a 
survey of both interstate and intrastate 
pipeline on a tri-annual basis. The last 
survey contained data for January 1, 1968. 

Crude oil pipelines delivered 3,076.7 mil- 
lion barrels to refineries in 1970, compared 
with 2,969.3 million barrels in 1969. Petro- 
leum products lines delivered 2,559.6 mil- 
lion barrels in 1970, an increase of 119.7 
million barrels for the year. 

Clearance is still being withheld for start 
of construction on the 800-mile Alyeska 
Pipeline to bring crude oil from the North 
Slope of Alaska to the port of Valdez for 
transshipment to the west coast. In addi- 
tion to satisfying Federal and State govern- 
ment regulations that adequate precautions 
will be taken to insure no damage to the 
ecology, suits have been filed by native 
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Alaskans claiming territorial rights and by 
conservation groups. It was originally esti- 
mated that the cost of the 48-inch crude 
line would be about 900 million dollars, 
but with the delays, it is likely the costs 
will be in excess of 2 billion dollars. 

At hearings held in Washington early in 
1971, the Canadian Government proposed 
an alternate route through the Mackenzie 
Valley that would tie into present pipe- 
lines delivering crude oil to the midconti- 
nent area. À study of that proposed route 
is being conducted. There is a wide dif- 
ference of opinion as to which route 
would be most beneficial and would be 
less likely to upset the ecology. 


RAIL, TANK TRUCK, BARGES, 
AND TANKERS 


The annual study by the Association of 
Oil Pipelines showed that the total ton- 
nage of crude petroleum and petroleum 
products transported in 1969 was 1,622,775 
thousand short tons, of which 46.8 percent 
was moved by pipelines, 23.4 percent by 
water carriers, 28.2 percent by motor car- 
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riers, and 1.6 percent by railroads. Petro- 
leum products represent 63.5 percent of 
the total volume transported; 41.9 percent 
of the pipeline movements; 71 percent of 
the water carrier movements; 91.0 percent 
of motor carrier movements; and 96.3 per- 
cent of the railroad movement. 

The shutdown of the pipeline from the 
Middle East to the Mediterranean and the 
production cutbacks by the Libyan Gov- 
ernment created a tight shipping market, 
and triggered a series of increases in 
charter rates that more than doubled ship- 
ping costs between April and the end of 
the year. Shipping rates from the Gulf 
Coast to destinations north of Cape Hat- 
teras for a vessel in excess of 30,000 dead- 
weight tons increased in December, from 
$3.07 to $6.91 per long ton; and from the 
Caribbean to the north of Cape Hatteras, 
from $2.12 in April to $5.52 in November. 
Another example of the increase was the 
shipping cost from the Persian Gulf to the 
United Kingdom, which advanced from 
$10.20 per long ton in May to a high of 
$24.83 per long ton in October. 


STOCKS 


At the end of 1970 the total stocks of all 
oils was 1,017.9 million barrels, up 37.7 
million barrels for the year. Crude oil 
stocks built up to 284.8 million barrels in 
May, the highest level in 12 years, and 
crude oil production was cut back. The 
high shipping rates and shortage of tank- 
ers cut down the overseas supplies of crude 
oil causing a sharp increase in the demand 
for domestic crude oil. By the end of Au- 
gust crude oil stocks were down to 254.1 
million barrels. Stepped up production 
soon eased the supply situation and by the 
end of the year stocks were up to 2764 
million barrels, 11.1 million barrels above 
the December 31, 1969, level. 

The 24.1 million barrel increase in 
stocks of refined products that occurred be- 
tween the end of 1969 and December 31, 


1970, was due to stock buildups of distil- 
late fuel oils and the LP gas, propane. Un- 
usually high demand for distillate fuel oil 
during the first half of 1970 caused the in- 
dustry to take precautions that would in- 
sure adequate supplies for the 1969—70 
heating season. Warmer than normal 
weather in the fourth quarter of the year 
slowed the demand growth in that quarter 
to les than 1 percent and stocks at the 
close of the year were 23.6 million barrels 
above the 1969 yearend level. 

After several years of exceptionally high 
increases, the demand for liquefied gases 
declined in 1970 and production continued 
to climb upward. Although refineries in- 
creased the use of liquefied gas for blend- 
ing into motor fuel, stocks at the end of 
the year were up 8.3 million barrels. 


PRICES 


Crude Oil.—With few exceptions, posted 
prices of crude oil during 1970 were steady 
until mid-November when some purchasers 
increased the postings by 25 cents per bar- 
rel. Others followed, and by the first part 
of December the increase covered almost 
all production except the Pennsylvania- 


grade crude oils. These changes, along with 
the several changes that occurred during 
1969, caused an overall increase in the av- 
erage value of a barrel of crude oil at the 
wellhead to increase 9 cents in 1970 to 
$3.18. 


CRUDE PETROLEUM AND PETROLEUM PRODUCTS 


Refined Products.—According to the U.S. 
Bureau of Labor Statistics the wholesale 
price index for refined petroleum products 
increased 7.2 percent in 1970 to 109.9. The 
heating oils, distillate and residual ac- 
counted for the major share of the in- 
crease. The average posted price for cargo 
lots of No. 6 residual fuel oil at New York 
Harbor with a 1 percent maximum sulfur 
guarantee increased from $1.94 per barrel 
in 1969 to $2.73 in 1970, and for barge lots 
the price increased from $2.45 in 1969 to 
$3.26 per barrel. The average price for 
barge lots of No. 2 distillate fuel oil in 
New York Harbor increased from 10.3 
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cents per gallon in 1969 to 10.6 cents in 
1970. 

Platt's Oilgram Price Service publishes a 
series showing the average prices for regu- 
lar-grade gasoline for 55 representative cit- 
ies. For the year 1970, this series showed 
that the service station price, including 
State, local, and Federal taxes was 35.69 
cents per gallon, an increase of 0.89 cents, 
including an increase of 0.15 cents in State 
and local taxes. 

The average posted price of regular 
grade gasoline at refineries in Oklahoma 
for shipment to northern destinations was 
12.56 cents per gallon in 1970, an increase 
of 0.38 cents for the year. 
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Figure 6.—Prices of Bunker “C” oil at New York Harbor, No. 1 Range oil at Chicago 
district, and regular-grade gasoline at refineries in Oklahoma, by quarters. 
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Figure 7.—Posted prices of selected grades of crude petroleum in the United States, 
by quarters. 


FOREIGN TRADE 


Foreign trade statistics reported in this 
section were compiled from two sources. 
The imports of crude and unfinished oils 
were obtained from the petroleum refining 
companies. Imports of refined products 
from Puerto Rico and the Virgin Islands 
are Bureau of Mines data but all other 
imports of refined products and exports 
were compiled by the Bureau of the Cen- 
sus. 

Total imports of crude oil and refined 
products in 1970 was 1,247.4 million bar- 
rels, an increase of 91.8 million barrels for 
the year. Crude oil imports declined from 
514.1 million barrels in 1969 to 483.3 mil- 
lion in 1970. Crude oil receipts from Can- 
ada were 245.3 million barrels, an increase 
of 42 million barrels while imports of 
crude oil from offshore sources declined 
72.8 million barrels. As previously men- 
tioned in this chapter, the increased ship- 
ping costs and short tanker supply elimi- 
nated most of the cost benefits of foreign 
oil over domestic crude oil in the coastal 
markets. Because of this, several inland re- 
finers were unable to exchange their allo- 
cation of import licenses with coastal refi- 
ners for domestic crude oil and were left 


with unused tickets when the licenses ex- 
pired on December 31, 1970. 

Imports of refined products and unfin- 
ished oils were 764.1 million barrels in 
1970, an increase of 122.7 million barrels. 
Residual fuel oil accounted for 96.2 mil- 
lion barrels of this increase; bonded jet 
fuels, 4.6 million; liquefied petroleum 
gases and plant condensate, 8.8 million; 
and petrochemical feedstocks from Puerto 
Rico, 5.2 million barrels. The total imports 
of refined products from Canada in 1970 
was 34.5 million barrels, an increase for 
the year of 16.0 million barrels. In 1970 
the Oil Import Administration, by Presi- 
dential proclamation, relaxed import con- 
trols to permit an additional 7.4 million 
barrels of No. 2 distillate fuel oil and 5.0 
million barrels of asphalt into PAD dis- 
trict I. Imports of liquefied gases from 
Canada and other Western Hemisphere 
sources were excluded from the 12.2 per- 
cent limitation. Another change announced 
in December was the elimination of the 
“Brownsville Loop,” thereby permitting 
the Mexican imports of 30,000 barrels per 
day to come directly by water. Prior to 
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this these shipments of unfinished oils 
were shipped by water to Brownsville, 
Tex., unloaded in bonded trucks which 
transported the oil across the Mexican bor- 
der, returned and reloaded the oil aboard 


NATIVE 


Bituminous Limestone, Sandstone, and 
Gilsonite.—A total of 1,980,562 short tons 
of native asphalt and related bitumens were 
produced in the United States in 1970, an 
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the vessel, then shipped it to East Coast 
destinations. All this was done to get 
around provisions of the regulations which 
required allocations for all waterborne im- 
ports of petroleum. 


ASPHALT 


increase of 3.2 percent for the year. The 
value of this production was $8,879,000. 
Production was reported for Alabama, Mis- 
souri, Texas, and Utah. 
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Table 3.—Estimates of proved crude-oil reserves in the United States 
on December 31, by States 1 


(Million barrels) 


State 1966 1967 1968 1969 1970 
Eastern States: | | 
UNOS eo i Z sZ, a 8 362 336 314 272 229 
Ii... en ⁰ 48 47 40 41 37 
Fh ³ ³ 88 101 94 80 78 61 
Mei a E 71 63 55 52 46 
New Vork 10 15 18 12 11 
ODIO ti «˙²mm seo ukun SES 101 114 132 127 128 
PDenngvlvanig ` -222220 73 63 59 55 51 
West Virginia 57 56 54 53 53 
fr 8 823 788 747 685 616 
Central and Southern States 
ID nuc ²ĩ˙ UA 2 ...... 85 79 73 67 65 
ArkanssgS ĩöĩ» ² PI¼½ 8 181 176 159 127 130 
Kansas ial ah o sts (x lisa 726 625 601 566 539 
Louisiana __ Lee 5,408 5,456 5,608 5,689 5,710 
Mississippi. iuiii 357 326 360 355 
Nebraska 57 63 55 47 41 
New Mexico 1,025 926 865 840 761 
North Dakota 321 290 287 235 192 
Oklahoma. ........ no. 1,518 1,459 1,895 1,890 b 
TexaSi o... oe hs se oe ee eo ac 14,077 14,494 13,810 13,068 13,1 
e 23,772 23,925 23,179 22,384 22,339 
Mountain States: | l 
olorado- a a E 344 340 420 401 389 
Montana 282 308 345 276 242 
Utah EE , 213 201 180 195 82 
Wyoming___.._. 8 1,073 1,044 1,101 997 1,017 
0) EES 1,912 1,893 2,046 1,869 1,830 
Pacific Coast States: 
Alaska... a tie 322 381 873 432 310,149 
California ))) 4,608 4,369 4,341 4,243 3,984 
V. er ee 4,930 4,750 4,714 4,675 14,139 
Other States t. ee 15 21 21 19 83 
Total United States. 31,452 31,977 30, 707 29, 632 39,001 


1 From reports of Committee of Petroleum Reserves, American Petroleum Institute. Includes crude oil that 
may be extracted by present methods from fields completely developed or sufficiently explored to permit 
reasonable accurate calculations. The change in reserves during any year represents total new discoveries, 
extensions, and revisions, minus production. 

2 Includes offshore reserves. 

3 This number includes the estimate of proved reserves in the Prudhoe Bay Permo-Triassic reservoir, dis- 
covered in 1968 and not previously included in this report. This estimate is based on the analysis of extensive 
engineering and geologic data; however, revisions may be required when actual production performance be- 
comes available. 

4 Includes Arizona, Florida, Missouri, Nevada, South Dakota, Tennessee, and Virginia. 
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Table 4.—Supply and disposition of crude petroleum (including lease condensate) 
in the United States 


(Thousand barrels) 


Supply and disposition 1966 1967 1968 1969 1970 p 
Supply: 
Production_____._. aaa 3,027,763 3,215,742 3,329,042 3,371,751 38,517,450 
eee, ß 447,120 411,649 472,323 514,114 483,293 
Total new supplꝰ . ` 3,474,883 3,627,391 3,801,365 3,885,865 4,000,743 
Stock changes: ? 
Domestic crude. coo +17,863 +7,799 -F17,653 —4,668 -F10,380 
Foreign crude____________._----_------ +239 +2 ,780 +5,570 —2,298 +760 
Unaccounted for ll occ 222222222 222222222 +7,138 —2,561 —7,721 
Disposition by use: 
Runs of domestic crude- ............ 3,000,789 3,174,004 3,308,044 3,363,602 3,485,332 
Runs of foreign cerude ....- 446,404 408,590 466,316 516,008 482,171 
Exportg4._ ß sis 1,477 26,541 1,802 1,436 4,991 
Transfers: 
Distillatee 2 LLL c 222- 752 730 712 654 743 
Residual... ooo 3,551 3,671 4,272 4,334 4,317 
¡E A A AN 3,808 3,276 4,134 4,241 4,328 
Total disposition by use 3,456,781 3,616,812 3,785,280 3,890,270 3,981,882 


p Preliminary except for crude petroleum production. 

1 Bureau of Mines data. 

2 Minus represents withdrawal from stock; plus represents stock increase. 

3 E the difference between supply and indicated demand for crude petroleum beginning with 1968. 
4 U.S. Department of Commerce data. 
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Table 7.—Percentage of total U.S. crude petroleum produced, by States 


State 1966 1967 1968 1969 1970 
Tokas sul atus eae ayar utu ks 84.9 34.8 34.1 34.2 35.5 
Louisiana... a is 22.3 24.1 24.6 25.0 25.8 
California. 11.4 11.2 11.2 11.1 10. 6 
Oklahoma 7.4 7.2 6.7 6.7 6.4 
WYOMING 225 26 pais 4.4 4.2 4.3 4.6 4.6 
New Mexico 4.1 3.9 3.8 3.8 3.6 
Kansas. 3.4 3.1 2.9 2.6 2.4 
E EE .5 .9 2.0 2.2 2.4 
Mississip ᷑i1n/: aaan 1.8 1.8 1.7 1.9 1.9 
Ilinoã s cana 2.0 1.8 1.7 1.5 1.2 
Montana 1.2 1.1 1.5 1.3 1.1 
Colorado 1.1 1.1 1.0 .8 .7 
Utah. ⁵⅛⁰mꝓ 8 .8 1 7 Vi 7 
North Dakota .9 .8 7 7 .6 
Arkansass . 8 H .6 .5 .5 
Kentucky. u u codo ee nie cux .6 .5 .4 .4 .3 
Michigan 5 4 4 4 8 
Nebraska 5 4 A .4 .8 
Other States 1.4 1.8 1.3 1.2 1.1 
¿IE 100.0 100.0 100.0 100.0 100.0 
Table 8.—Production and reserves of crude petroleum in leading fields 
in the United States 
(Thousand barrels) 
Production 
Field 1 State 1969 1970 Total since Estimated 
discovery: reserves 
Wilmington California 89,053 81,842 1,406,358 1,194,455 
East Texas CC ˙ð?DG. ĩ¾ 8 56,244 71,854 3,944,503 2, 057, 159 
Waggon... aM dO ccc cuo 8 82,079 46,078 533,784 170,001 
Kelly-Snyder_ ` rr do: cce ió 33,723 45,798 516,581 671,719 
McArthur River! Alaska. ` 31,440 40,382 94,216 209,618 
Caillou Island Louisiana 32,955 37,673 427,512 329,161 
Timbalier Bac 9% ea es, 34,458 35,443 297,936 350,507 
Midway Sunset California 32,916 32,792 1, 089, 806 560,000 
Bay Marchand Block 2 Louisiana- _---..------ 28,763 32,407 305,409 477,534 
Slaughter, Texas____ 18,117 32,005 426,784 97,186 
Seeligson (all fields)... _ A A AE: 31,995 30,002 408,199 80,379 
Hawkins_______._..._______________ oo. do 15,941 29, 122 390,491 125,579 
Spraberry Trend... ooo a- do-- sta oda 15,996 27,191 316,818 130,493 
ern River California. .__-...-..-..-- 25,550 25,322 526 , 994 450,000 
West Delta Block 300 Louisiana 23,949 23,854 216,666 183,334 
Sho-Vel-Tum_. o ooo Oklahoma. . .........-- 33,483 23,425 864,586 36,537 
"Tom O' Connor Texas ` 17,396 22,904 369,339 177,689 
Main Pass Block 1414. Louisiana 15,961 22,751 84,221 68, 530 
South Pass Block 244 Doc ara ta ata 20,904 22,685 344,829 405,171 
South Pass Block 277. FFP 20,548 22, 440 199,177 111,823 
Goldsmith. ........ LL LL ooo. Texas 20,293 21, 564 500, 835 219, 575 
Grand Isle Block 43838 Louisiana 19,207 21,018 78,826 92,192 
Grand Isle Block 1 do.. 21,112 20,721 137,893 112,172 
Dos Cuadras - o occ California 2,827 19,783 22, 955 80,217 
Garden Island Bay Louisiana 15,125 18,816 126,934 64,295 
Timbalier South Block 195222. ca L S 0e 8 17,342 18,384 89,725 70,275 
West Rane n Texas 15,441 17,972 212,941 160,012 
Sooner Trend Oklahoma 17,244 17,624 135,539 112,376 
West Delta Block 73. Louisiana 18,651 17,256 80, 641 79,359 
Hastings, East and Wess. eran. O 13,051 16,850 413,095 207,667 
vacuum New Mexico 15,147 16, 673 207, 568 77,432 
Huntington Beach... 2--------- California 17,598 16, 386 846. 068 124, 129 
Panhandde . Texas 17,622 16,237 1,214,741 414,123 
Webster... o __ doo 11,428 15, 597 337, 669 112, 331 
Fairegax -2222222 aM o — 10,050 13,812 60,282 135,152 
Oregon Basen Wyoming.............-- 14,795 13,758 192,615 70,002 
Cogdell Area Texas. 10,070 13, 575 145, 156 92, 148 
Ship Shoal Block 2000 Louisiana 12,610 13,301 46,518 61,858 
Elk Basin Montana, Wyoming 17,533 13,062 843,282 104,496 
Contoe aoaaa aoao 8 eas LLL cl ,436 12,875 458,498 132,769 
Yates O... L 4000 ĩ ü 9,313 12,809 538,466 762,352 
Middle Ground Sho all Alaska 10,373 12,792 47,480 137,208 
Golden Trend Oklahoma 11,661 12, 770 359, 955 135, 356 
Cowden South (Foster, Johnson) Texas 10,895 12,681 269,430 50,570 
Lake Washington Louisiana 11,623 12,651 176,566 125,197 
Ward-Estes North, IS 14,466 12,629 278,351 100,069 
Thompson (all fields) PPT 10,030 12,612 309, 666 10,035 
Swanson River Alaska o ooo. 13,132 12,476 114,197 92,580 


See footnotes at end of table. 
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Table 8.—Production and reserves of crude petroleum in leading fields 
in the United States—Continued 


(Thousand barrels) 


Production 
Field 1 State 1969 1970 Total since Estimated 
discovery ? reserves 

Hilight...... ooo Wyoming 1,000 12,402 15,421 87,598 
¡CB AMA A ES Louisiana 11,282 11,936 178,897 41,102 
Van and Van Shaliog ------------ Texas 8,810 11,906 357,850 14,397 
Salt Creek ue Wyoming..............- 13,559 11,593 498,195 88,824 
Main Pass Block 6999. Louisiana 10,866 11,322 149,654 150,346 
Headlee and Nort n Texas... uim 11,115 11,110 68,223 90,163 
1üü/§öĩÜ(9'e᷑eü%ͤĩñĩ?! dog. occ 8 8,341 10,929 86,626 62,579 
Cote Blanche Bay West Louisiana 10,954 10, 533 94, 782 64, 528 
Range 77 Colorado. ............- 11,303 10,413 450,243 153,431 
San Ardo ee California 10, 521 10,384 228,014 100, 000 
ST a adi Texas o tala da 10,252 10,200 127,940 75,060 
Veil 8 California 8,575 9,905 750, 563 61,041 
Beverly Hills. %% c nia. RE 12,361 9,886 55,295 56,352 
Quarantine Payer Louisiana 7,533 9,813 133,193 37,807 
West Bay. yyy do EE 10,315 9,810 144,344 65,656 
Levelland 22 LL... Texas 7,932 9,743 192,354 58,342 
Keystone___________________.______ o... (O ERROR NE ONE ERR 8,947 9,465 247,196 51,063 
Weeks Island. ....................- Louisiana . 10,535 9,445 182,386 54,614 
Cowden North____________.________ Texas 9,396 9,428 228,120 84, 996 
Salt Creek „ do 5,901 9,345 79, 968 67,774 
Empire Abo L New Mexico 8,177 9,162 69,651 30,349 
Belridge Sou tn. California 9,045 9,107 159,787 100,000 
Lake Barre Louisiana 9,276 8,741 150, 699 99,301 
McElroy- -222a aaa Texas 8,334 8,510 267, 592 74,432 
Greater Anee n 22 e conce db 8,638 8,460 228,363 222,754 
Bell Creek LLL. 8 Montana 13,939 8, 433 39,911 75, 125 
Seminole and West ____ 2 222 2 222222 Texas 6,283 8,284 159, 546 56,021 
Coalinga........ o ooo California 8,575 8,112 603 , 863 75,000 
Diamond M______________________. Texas o o coo 8,633 8,093 172,302 322,698 
Dollarhide ............ Ls. LL dO -222222222222 7,319 8,041 115,076 47,086 
Old Oeean n LL OO 2222222 8,101 8,002 142,897 57,103 
Anahuac- LLL de. ea 1,963 7,950 203,184 56,616 
Cote Blanche Island.. Louisiana. 6,140 7,867 50, 505 52,279 
Old Illinois... ll. Illinois. 7,880 7,660 666, 030 19,010 
Bay St. Elaine Louisiana 8,525 7,642 120, 624 32,376 
Carpinteria Offshore California 11.329 7,634 27,993 87,366 
Means and North_________________- Texas 7,894 7,568 116, 036 79, 106 
Kelsey (all Geldei -2-2-2222 2- do... „ 8,708 7,455 98,634 27,608 
Bayou Sale Louisiana 8,798 7,298 147,600 52,410 
Granite Point. Alaska 9,208 7,154 36,522 138,518 
Borregas (all fields)... __ Texas o o 9,409 7,139 96,191 47,883 
Sand Hills... ee Texas 9,253 7,001 170,619 26,381 


1 Fields under 7 million barrels not shown for current year. 
2 Includes revisions, if any. 


Source: Oil and Gas Journal. All figures are preliminary. 


Table 9.—Well completions in the United States, by quarters 1 


Total 
1st 2d 3d 4th — 
Quarter Quarter Quarter Quarter Number Percent 

1969: 
A 3,240 3,315 3,501 4,312 14,368 44.6 
Gas 2 852 865 1, 049 1,317 4, 083 12.7 
DEY AAA 2,890 2,910 3,255 4,667 13,722 42.7 
Total....... 6,982 7,090 7,805 10,296 32,173 100.0 

1970: 
Oil es es 3,282 3,124 3,298 3,316 13 , 020 46.3 
Gas2 _ 902 936 920 1,082 3,840 13.7 
Dry.........- 2,677 2,440 2,742 3,401 11,260 40.0 
Total 6,861 6,500 6,960 7,799 28,120 . 100.0 


1 Excludes service wells. 
2 Includes condensate wells. 
Note: Data by quarters adjusted to agree with annual totals. 


Source: American Association of Petroleum Geologists and American Petroleum Institute for 1969; Ameri- 
can Petroleum Institute for 1970. In 1969 some Bureau of Mines data are included in Nevada. 
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Table 10.—Well completions in the United States, by States and districts 1 


1969 1970 


State and district — n n C  T[ O— —IH 
Oil Gas 2 Dry Total Oil Gas 2 Dry Total 


Aar za 10 1 87 48 7 5 83 45 
¡TT uu Br uytu Du SS 88 11 14 68 67 5 40 112 
Arizona. 9 2 27 38 3 11 12 
p sais 151 40 228 419 100 36 171 307 
California... 1,548 59 398 2,000 1,697 56 931 2,084 
Colorado JF! ĩð A SQ a UR 158 47 609 814 142 47 521 710 
Feri. 8 SSES 7 13 14. az 2c 11 25 
GOA ena tac sacados pulido qst 2 2. mao, ea 4 4 
iss a 417 5 458 880 311 5 381 697 
Indiana: À. 129 7 231 367 93 4 190 287 
Tova u oro A NS EENS 3 
Kansas 1,271 184 1,522 2,977 1,044 108 1,269 2,421 
Kentucky. ee 296 142 952 111 
Louisiana 
North S ta ⁰»;Ä dates bl 309 123 416 848 263 157 343 163 
e A 471 230 763 1,464 497 232 618 1,347 
Offshore 372 190 263 825 382 150 306 
Total Louisiana 1,152 543 1,442 3,137 1,142 599 1,26 2,948 
Mel!! 8 15 244 332 19 5 
Mississippi................-.-..- 195 16 504 715 211 12 333 556 
Missouri IT moin. 12 29 10 _. 4 14 
Montana . 186 81 578 795 64 74 465 608 
Nebraska... o o ooo. 57 1 325 383 39 2 196 237 
% Ä ↄ nr mr ĩ⅛ð 8 2 %% 10 10 
New Mexico: 
Aes. o . A aaa 58 237 89 384 60 127 42 229 
!(! ⁰·¹·. ⁰km ee eee Qa 508 26 261 790 281 32 186 499 
Total New Mexico 561 263 350 1,174 341 159 228 728 
New Vork 112 12 10 69 17 13 99 
North Dakota 49 .....- 203 252 48 1 118 167 
A at 8 395 198 1,238 683 4 1,350 
Oklahoma __.. ... aana 1,604 3997 1,112 „113 1,343 321 1,021 , 685 
Pennsylvania 547 277 72 896 441 250 
South Dakota 56 B85 ais 83 83 
Tennessee 4 7 15 26 24 4 22 50 
Texas: 
District o!!! 466 27 291 784 281 18 226 525 
District ohhh 107 90 218 415 83 70 211 364 
District O99. - 410 116 412 938 338 124 373 835 
District ( 190 235 522 947 250 197 355 802 
District O 35 36 108 179 23 15 92 130 
District Op.. 292 56 208 556 169 38 132 339 
District O7 ZZ. 398 54 482 934 471 39 432 942 
District Oc 231 62 172 465 160 85 169 414 
District Oo 907 73 247 1,227 865 75 238 1,178 
District OS AAA 374 1 186 878 4 164 1,046 
District O8 632 50 471 1,153 519 17 308 844 
District 10000. 205 85 93 383 96 74 13 243 
Offshore 9 18 87 114 4 18 38 60 
Total Texas 4,256 903 3,497 8,656 4,137 774 2,811 7,722 
(Bt 7. ri rada 16 111 174 10 44 
AG AN A 1 A tc NT ETRAS 
APOE o oo %⅛˙Äũͤ o ee LO loci 9 J CCC 8 
West Virginia 135 652 115 902 192 553 119 864 
Wvoming 699 57 819 1,575 627 45 727 1,899 
Total United States 14,368 4,083 13,722 32,173 13,020 3,840 11,260 28,120 


1 Excludes service wells. 
2 Includes condensate wells. 


Source: American Association of Petroleum Geologists and American Petroleum Institute for 1969; Amer- 
ican Petroleum Institute for 1970. In 1969 some Bureau of Mines data are included in Nevada. 
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Table 11.—Producing oil wells in the United States and average production 
per well per day, by States 
Producing oil wells 
1969 1970 
State Approximate Average Approximate Average 
number of production number of production 
oil wells per well oil wells per well 
producing per day producing per day 
Dec. 31 (barrels) ! Dec. 31 (barrels) ! 
Ala DAMS AMA ee ed wees cece 2 550 38.5 562 35.8 
A A A 183 1,171.2 202 1,190.1 
Pl ee eae ee eet 9 261.4 8 171.5 
Arkansas_____ oon n olm 8 6,118 7.9 7,082 7.5 
California: 

AA AA 11,178 41.2 10,717 39.3 
Central Coastal 02... 5,494 32.5 5,480 40.5 
East Central, 24,265 15.7 24,181 15.1 
NM! ia 60 39.8 5 26.8 

Total California 40,997 25.0 40,487 25.0 

ohhh K eT 1.811 42. 6 1.770 37.8 
ohr 8 26,733 5.1 26, 134 4.5 
F ³ow¹iꝛAꝛAA r ˙ A uD ass 24,094 5.1 24,055 5.0 
¡EN A AAA 88 44,665 5.4 43,490 5.8 
A A A A 211,843 2.9 211,659 2.7 
Louisiana: 
Gulf Coast ooo 15,745 135.8 214,944 153.5 
Northern 13,648 9.7 12,990 9.7 
Total Louisiana 29,393 77.6 227,934 86.7 
Michiean -2a 2aaaaaaaaaaaaanaanaMMMMMM 3,878 8.2 ,911 7.8 
Mississippi Ill 2,548 68.4 3,102 63.2 
Montana_._ A 3,331 35.9 3,243 31.6 
Nebraska... a.. 1,305 24.5 1,244 24.6 
New Mexico: 
Southeastern... ooo 22-22-22-22- 15,522 21.3 15,751 20.9 
Northwestern 1. 566 15.8 1. 563 15.2 
Total New Mexico 17,088 20.8 17,314 20.4 
New York ee 5,263 7 5,861 6 
North Dakota 1.987 30.6 1,457 35.0 
e EE 215,737 1.9 215,860 1.7 
Oklahoma- o ooo ooo 80,952 7.6 78,019 7.7 
Pennsylvania 37,625 .3 36,801 3 
South Dakota oo ooo 26 16.3 26 16.9 
Texas: l 
District oi. 10,584 4.7 10,572 4.7 
District Oo 5,695 85.6 5,367 40.7 
District O3. 12,159 34.5 11,442 39.7 
District (kk... 9,269 27.1 8,754 27.2 
District 8 3,092 15.4 2, 990 15. 5 
District 06, except East Texas 5, 945 27. 8 5,722 38.1 
East Texas s 15,486 10.1 14,970 13.1 
District 07B. ..... occ 13,079 7.8 12,258 8.2 
District OC. 8,093 15.7 7,846 15.0 
District O.. 38,047 20.8 36,964 21.8 
District 08A_Z _______ LLL LLL ccs sac ls 17,693 31.8 17,648 39.3 
District Oo.. 30,424 5.1 29,468 5.0 
District 1000000 13,575 6.1 13,220 5.8 
Total Texas 183,141 17.0 177,221 19.0 
[0507] PROPRE ß 843 74.3 889 73.9 
iii co et te cee 212,849 .7 212,750 7 
0 eee ct y eae ae 8,978 49.1 29,280 48.1 
Other States: 

p . Sh oe 45 106.6 60 156.5 
Missouri. 164 1.3 126 1.2 
Nevada... ooo LL LLL LLL LLL 11 50.9 9 40.8 
Tennessee aana 235 2.6 2 59 18.0 
Virginia LLL LLL LLL LLL LLL 5 .5 25 ¿5 

J7ö§Ü5dẽ⁶ʒ¹;᷑ĩ??7!—.b 260 23.4 259 37.2 

Total United States. 542,227 16.9 530, 990 18. 0 


Based on the average number of wells during the year. 
2 Estimated by Bureau of Mines; all other numbers of producing oil wells furnished by State agencies. 
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Table 14.—Refinery receipts of domestic 


(Thousand 
Total Interstate receipts from— 
recelpts 
Location of refineries of Intrastate PAD district II 
receiving crude oil domestic receipts PAD 
crude dist. I,  Ill., Ky Nebr., 
oil total Ind., Kans. Ohio, N. Dak., Okla. Total 
Mich. Tenn. $. Dak. 
District I: 
Delaware, Maryland. 11,442 ......... 3.024. minos. luto. h c 8 
Florida, Georgia, Virginia 3,100 cr lo cro. ⅛ ͤ ae, K y Vikan 
New Jersey 33 ß peda: ue 
New York -00.0MM Ef ³⁰ꝛA ao” ũ ß Sica 485 485 
Pennsylvania 
PCC AAA Ill ³ðVàd o aM alles 
West. L La ou EE 16,213 4,798 3,074 363 ...... 3,35 491 4,209 
West Virginia. 2,937 // A o desis 1,362 
TSI“ 260, 619 6,373 6, 698 363 ...... 4,717 ...... 976 6,056 
District II 
e, cacao 269, 622 18,102 ...... 103 5,350 ...... 1,786 23,918 31,157 
Indiana. ..................... 183, 928 6,460 ...... 1,274 11,130 5 3,789 33,333 49,531 
Kansas 130, 356 10.101: 2-2 mu (asco Psoe 1,188 17,339 18,527 
Kentucky, Tennessee 61,885 4,301 12 14,364 ...... 139 Z ed Juma 14,496 
Michigan 35, 663 11,159 2,61 A ee A 2,618 
Minnesota, Wisconsin J)»; y ⅛ ͤ K 8 5,339 5, 339 
Missouri, Nebraska Bl OO! iS -wĩ˙ neti ae 1,022 ...... 556 3,712 5,290 
8 Dakota. a 18, 142 111 pecados las ais as ae 
lo: 
¡A uz tuz ul cie ie 21,173 4,109 ...... 1,986 431 mx. Xa ss 843 3,260 
/ ˙ AA acia 115, 777 7 — 14,708 ...... ...... 28 3,622 18,358 
Oklahoma. ..................- 164,769 118,560 ...... ...... 2:00] ll. beste: Iis 2,927 
Total cnncta eher: 1,038,389 256,006 12 35,053 20,860 137 12,686 82,767 151,503 
District 111 
Alabama. ............-......- 6,409 1:949 262 costaron ͥͥ 0 ATT—T—T.W.kͤͤ ͥ decia Vua sue 
Arkansas 32, 379 15:805. uS eu. leas ba. ⁰ꝙydvt y y eos 
Louisiana 430, 962 /// ↄ Z muscle 29 29 
Mississippi. iii 68, 102 )) õͤ ͤ A A nasya 
New Mexico 14,791 90 ...... %% REDE NS NU WENN 
+ o croce Ld kee 1,041,094 794,407 ...... 1 o 804 807 
Total. satis cuina adds ala 1,593,737 1,194,118 ...... 1 > gues, dues 833 836 
District IV: 
Colorado 13, 248 r ⁰o⁰ AA! ß ⁵ ⁵⁵0 slds: caos 
Montana ------------- 26,373 // A A O A E tote 
aha hoe ccc calados 40, 145 10:248. codes mm ĩðͤ2 ꝛ . :: lee Rui E 
Wyoming 46, 720 /// ĩðVW. ³² u 8 
r uy rulo 126,486 09.199 1.2. zal m esta. assqa 6 aras 6 
District V: 
California 453.335 %%% ³ĩ¹ð¹ͥ¹wm]AAA ⅛ ¾ ðͤ ͤ Kk essa. Bela 
Other States 19, 848 IC/ͤ»ͤ;»% . Gas Gara asan 
r cosas 473,183 390,138 ii.... necio: E estes EE 
Total United States 3,492,414 1,915,794 16,710 35,417 20,862 4,854 12,692 84,576 158,401 
Daily average 9,568 5,249 18 97 57 13 35 232 434 


1 Florida, 3,024; New York, 1,455; Virginia, 12; West Virginia, 2,219. 
2 Alaska, 62, 659; Arizona, 2, 481; California, 4, 475; Nevada, 119. 
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crude oil, by state and district in 1970 


barrels) 


Ala., 
Ark., 
Miss. 


388 
1,321 
13,271 


14, 980 


PAD district ITI 
La. N. Mex. 
535 ....... 
54,934 104 
4] EM 
72,699 440 
128,219 544 
04,212 18,224 
16,011 19,215 
EDEN 1,374 
41,086 ....... 
__..... 5. 104 
10,2222 
„001 2, 524 
EE 4,860 
169,532 54,301 
1,092 ....... 
2,730 
55,749 
188,044 54,653 
247,615 54,653 
„ OS 42 
ss 42 
Seed 2,810 
ENE 2,810 


Texas 


13, 784 


Interstate receipts from— 


242,737 
395,639 


2,810 


52,515 545,366 112,350 456,718 1,166,949 
1, 494 308 


144 


3,197 


PAD district IV 

Colo. Mont. Utah Wyo. 
5 F 
CCT 
MR: 0 AA 
4,222 1,380 ....... 10,671 
1,134 8,223 ....... 29,123 
1,034 842 18, 921 
CCC ²˙ A A 315 
Pin A 8,019 
. — 5,651 
da 995 222222 aaae 
F da da 2,460 
122 47 — 3,745 
1,478 ....... 49] ....... 
9,112 11,487 491 78,905 
lg Qro s u ai oea, 
8 3.172 
| ere g LEE 
Be, tees 2,298 24 8,912 
TT 15, 043 
13,687 159 ....... 15,934 
652 433838 Pibes 
14, 339 2,940 24 39,889 
ditus ue ur 10,940 
x coii ` smua aha 10,940 ....... 
23,468 17,982 14,582 118,794 
64 49 40 326 


Total 


10, 940 


479 


PAD 
dist. V, 
total 


60,814 
8,481 


69,295 
174,826 269,734 


851 


Total 
interstate 
receipts 


129, 418 
11,415 
1,362 


352 254, 246 


251,520 


1 
246, 687 
399,619 


87 57,327 
74,564 
8, 481 
83, 045 


1,576, 620 
191 4,319 
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Table 18.—Pipeline tariff rates for crude petroleum and products, January 1 
(Cents per barrel) 


Origin Destination 1970 1971 
Crude oil: 
West Texas Houston, Tk ZO 14-80. 16 50. 14-80. 16 
P77 iaa neta East Chicago, Ind --------- 28 KI 
7%» ER Wood River, DI .26 .26 
Oklahoma...........-.-.---- Chicago, Ill..................---- .22 .22 
DO: secas casas Wood River, UI .19 . 19 
Eastern Wyoming Chicago, Iii. .30 35 
PG. A Wood River, Ill. ................- .90 .92 
Refined products: 
Houston, Texas Atlanta Ga 2.2.2 2 2L - cl cl-- . 2770 .3600 
A 8 New York, N. T .2870 . 3100 
Tulsa, Okla...............--- Minneapolis, Minn .6500 .6500 
Salt Lake City, Uta Spokane, Waah . 5000 .5200 
Philadelphia, Pa Rochester, NF k 2400 2400 


Source: Interstate Commerce Commission. 


Table 19.—Receipts of domestic and foreign crude petroleum at refineries 
in the United States by mode of transport 
(Million barrels) 


Method of transportation 1966 1967 1968 1969 1970 v 
By water: 
Intrastate 2 eee ee 152.0 129.1 136.8 138.0 148.2 
Interstate_____ e aaa 347.7 428.4 428.8 408.8 461.8 
r ³o A 320.7 265.3 303.0 314.7 244.0 
Total by waterr 820.4 822.8 868.6 861.5 854.0 
By pipeline: 
Intresse 1,465.8 1,581.1 1,673.0 1,715.1 1,730.5 
Interstate... be tee 8 996.2 995.9 1,023.7 1,054.9 1,109.4 
¡AAA AAA ee udin 126.0 146.6 169.2 199.2 236.8 
Total by pipeline...................- 2,588.0 2,723.6 2,865.9 2,969.2 3,076.7 
By tank cars and trucks: 
Intrastate. `... 38.1 40.0 40.8 41.8 37.1 
Interstate_____ a 58 4.5 5.7 6.8 6.0 5.5 
FÄ. Add O A ⁰Mꝓꝶæ. 8 
Total by tank cars and trucks-________- 42.6 45.7 47.6 47.8 42.6 
Grand total... ee e 3,451.0 3,592.1 3,782.1 3,878.5 3,973.3 
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Table 22.—Stocks of crude petroleum, natural gas liquids, and refined products 


in the United States at yearend 


(Thousand barrels) 


Crude petroleum: 
At refiner ies 
Pipeline and tank farm 
Fele, ³ð esate 


Total crude petroleum 
Unfinished oi lass «„ 
Natural gasoline, plant condensate, and 

isopentane______.....-.--..--------.---- 
Refined products. ..----------------------- 


Grand total. 


1966 


62,720 
153,930 
21,741 


238,391 


89,213 


4,563 
548 , 938 


881,105 


1967 


72,093 
158,797 
18,080 


248,970 
90,201 


5,782 
599,158 


944,111 


1968 


78,718 
177,133 
16,342 


272,193 
93,399 


5,466 
628,514 


999,572 


1969 


76,088 
172,252 
16,887 


265,227 
97,819 


5,704 
r611,373 


1970 


80,407 
181,580 
14,380 


276,867 
98,989 


7,046 
635,459 


r980,123 1,017,861 
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Table 26.—Value of crude petroleum at wells in the United States, by States 


1969 1970 
State Total value Average Total value Average 
at wells value per at wells value per 
(thousand dollars) barrel (thousand dollars) barrel 
Alabama. .........--..---..2-.22.22-22- 20,793 $2.70 20,627 $2.84 
NËT EE 214,464 2.90 251,684 3.01 
EELER eebe ,05 2.90 5,281 2.96 
Arkansas... cene a aia 51,079 2.83 51,760 2.87 
California. cocos 8 920,060 2.45 945,365 2.54 
Colorado: oe a E E 88,277 3.12 78,619 3.18 
AA ⁵ ⅛ð 161,302 3.18 141,994 3.25 
A A eke eee 25,013 3,19 23,958 3.20 
Kanaa s 283,891 3.20 277,469 3.27 
Kentucky / 40, 194 3.11 36,461 3.15 
Louisiana: 
Gulf Coast- `- --------- 2,635,002 3.31 2,905,343 3.38 
Northern 156,267 3.22 156,215 3.30 
Total Louisiana... -.----------- 2,791,269 3.30 3,061,558 3.38 
Michiean 7,494 3.07 ,246 3.10 
Mississipp ------------------ 187,514 2.92 194,706 2.99 
Montt 8 118,359 2.69 105,403 2.78 
Nebraska- cosas rs Eme ui 36,075 2.98 35,384 3.09 
New Mexico: | 
Southeas tern 378,561 3.15 384, 780 3.22 
Northwestern 25, 880 2. 86 25, 540 2. 94 
Total New Mexicooo 404,441 3.13 410,320 3.20 
New York... . . e so LEES ,683 4.52 5,397 4.52 
North Dakota 63,568 2.80 67,107 3.05 
8 Yu . ³ðL 8 36,098 3.29 32,914 3.34 
Oklahoma ` -2222222 701,155 3.12 712,419 3.19 
Pennsylvania... ooo 20,086 4.52 18,500 4.52 
South Dakota 362 2.29 374 2.34 
Texas: 
Gulf Coast. 2. 781,130 3.42 889,724 8.51 
East Texas Field ` 187,638 3.24 241,281 3.32 
West Texan s 1,715,586 3.14 1,914,593 3.21 
Panhandle 22-22-2222- 95,788 3.17 92,211 3.23 
Rest of State 910,186 3.17 966,196 3.23 
Total Texas 3,696,328 3.21 4,104,005 3.28 
Utah. a ee cab EY 65,320 2.80 ,603 2.81 
West Virginia 11,888 3.83 11,871 3.80 
/ ·o·ww--- T ts a ats 433,846 2.80 469,811 2.93 
Other States 2 2...22- ---------- : 2.47 8,890 2.52 
Total United States. 10,426,680 3.09 11,173,726 3.18 


! Florida, Missouri, Nevada, Tennessee, and Virginia. 
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Table 28.— Wholesale price index, crude petroleum 
(1957-59 =100) 


Month 1966 1967 1968 1969 1970 

AAA EE 96.9 98.2 99.0 99.7 104.5 
Febuar... 97.0 98.2 99.0 99.9 104.5 
E A . 97.0 98.3 99.0 103.7 104.5 
ADM A uuu uum D E E 97.0 98.3 99.0 104.8 104.5 
EE EE 97.2 98.3 99.0 104.7 104.5 
TU y E ETES 97.4 98.3 99.3 104.5 104.5 
PONY A 8 97.5 98.4 99.4 104.5 103.3 
¿A oe 97.7 99.0 99.7 104.5 103.3 
September... 97.7 99.0 99.7 104.5 103.3 
Mio A 98.1 99.0 99.7 104.5 103.3 
Novemberrrnrr 98.1 99.0 99.7 104.5 103.3 
December 98.1 99.0 99.7 104.5 111.6 
Average..........--.--...--. 97.5 98.6 99.4 103.7 104.6 


Source: Bureau of Labor Statistics, U.S. Department of Labor. 
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Table 31.—Salient statistics of the major refined petroleum products 


in the United States 


MINERALS YEARBOOK, 1970 


(Thousand barrels) 
Product 1968 1969 1970 » 
Isopentane: 
Fe um is 2,660 3,457 3,865 
Stocks at aen 44 10 7 
Used at refineries. ..... 2222 222 LLL LLL c Lll l2 e Lll cl 2,640 3,491 3,868 
Natural oline: 
Pole. A erm 145,214 154,472 161,274 
Stocks, end of year: 
rr he eee busua 2,584 8,858 4,816 
At refineries.___________... 8 1,860 1,557 1,765 
Total stock 4,444 4,915 6,081 
Used at refinerieS ... 222222 LLL c2 eee 145, 492 154,001 160,108 
Plant condensate: 
Production. A 38,494 34,133 31,972 
Stocks, end of year: 
At PIANO. e eu 841 547 507 
At refineriee ss 137 232 451 
Total , ³ðZſd  . . . to eta 978 779 958 
TID OFS ses ß ß NA NA 2,258 
Used at refiner ies 38,552 34,332 34,051 
Finished gasoline: 
Production: 
At refiner ies 1,933,827 2,022,407 2,099,911 
At gas processing plant. 6,211 5,745 ,947 
Total gasoline produetion. ------------------>- 1,940,088 2,028,152 2,105,258 
Stocks, end of year: 
A ³ðRA ee i e LE 211,256 217,084 214,150 
A AA AA e S 270 308 198 
Total stocks cocer ⁵ð⅛ð—ͤ 211,526 217,392 214,348 
ports A Se ß 21,591 22,709 24,320 
eee ß AA Se eee a Ed 2,083 2,449 1,389 
Domestic demand. -_............_._....__.---.-------- 1,956,000 2,042,546 2,131,233 
Motor gasoline: 
Production: 
At refineries ss. seek coe tee áne 1,902 ,264 1,995,947 2,080,199 
At gas processing planta 211 „745 5,347 
Total motor gasoline production 1,908,475 2,001,692 2,085,546 
Stocks, end of year: 
At refineries.. A 204,226 210,891 209,057 
l A AA 270 308 198 
Total motor gasoline stock 204,496 211,199 209,255 
DDr A y 21, 591 22, 709 24, 320 
(ww: EE 249 708 461 
Domestic demand. ooo coco 1,925,376 2,016,995 2,111,349 
Aviation gasoline: 
Pallet 8 31, 563 26,460 19,712 
Stocks, end of yea k 7,030 6,193 , 093 
¡IT ß . 1,834 1,746 928 
Domestic demand............... c... ec. LLL c .. ....- 80,624 25,551 19,884 
Jet fuel: 
Production ee eee 814,928 321,718 301,913 
Stocks, end of year. ......... k 24,277 28,073 27,610 
P AN A E ͤ y IE. 38,507 45,539 52 ,052 
F i A anu ³ AA 2,092 1,730 2,167 
Domestic demand- ooo coc co 349,878 361,731 352,261 
Naphtha-type: 
Production: 
At refiner ies 121, 165 104, 748 84, 060 
At gas processing plants ------------- 2 18 21 
Total produetioůnn -a 121,442 104,766 84,081 
Stocks, end of year: 
At refineries...  oooococococcoooooooooooo- 8,880 8,537 6,618 
A AS 24 19 3 
Total stock 8,904 8,556 6,621 


See footnotes at end of table. 
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Table 31.—Salient statistics of the major refined petroleum products 


in the United States—Continued 


Product 


Jet fuel (Naphtha-type)—Continued 
Stocks, end of year—Continued 


Kerosine-type: 


Production o 2L. 


ee u oS 
¡A 2 scri A 


Ethane (including ethylene): 
Production: 


At gas processing plants 
At refiner ies 


Total production 


Stocks, end of year: 


At plants ese u AA Lus sa ud 
At refineries.__________ LLL LLL LLL 


Total domestic demand 


Liquefied gases: 
Production: 


At gas processing plants (LPG) 


At refineries (LRG): 


Total production at refineries 


Total produetiooůo n 


Stocks end of year: 
LPG stocks: 


At plants. sedo E 


LRG stocks: 


For fuel use 


FFH 8 


Domestic demand: 


LPG for fuel and chemical use 


LRG for fuel usgse .. 


Total domestic demand 
Propane (including propylene): 
Production: 


At gas processing plants. 


At refineries: 
For fuel use 


Total production at refineries 


Total production... 


See footnotes at end of table. 


(Thousand barrels) 


a a 222,777 


— meee — ewe w = = 


— m — ep —U em em gen = = = 


1968 


193,486 


FFF 15,373 


31,390 
1 


45,803 
9,446 


55,249 


— ——— nFnY' Q 


— 5 55,152 
Sasa ae eee A Sas 305,459 
VV 71,102 


RING 37,539 
EC as 108,641 


1969 


216,952 
19,517 
40,405 


253,213 


63,027 
9,159 


12,216 


315,430 


15,659 
38,703 


114,362 


3 68, 928 
647 


. 69,575 


Baylies dedu 4,225 
e er e 148 


F 4,373 


73,948 
11,647 
10,608 
72,652 


221,869 
71,628 
37,092 


330,589 


184,409 


56,847 
17,489 
74,336 


258,745 


429,792 
51,799 
571 
4,782 
268 
5,050 

? 57,420 
12,651 


12,797 
72,764 


263 , 402 
74,447 
35,561 


373,410 


195,346 


57,022 
19,721 


76,743 
272,089 


72,186 


873 


1970 p 


2,167 
90,909 


217,832 
20,989 
44,992 


261,352 


73,434 
9,460 


82,894 


11,319 
74,297 

9,460 
83,757 


326,177 
80,870 
35,657 


116,527 
442,704 


59,276 
794 
60,070 


5,433 
221 


251,596 
80,219 
31,789 


363, 604 
202, 494 


63, 409 
20,090 
83,499 


285,993 
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Table 31.—Salient statistics of the major refined petroleum products 


in the United States—Continued 


(Thousand barrels) 
Product 


propane. cen propylene)—Continued 
ks, end of year: 
Plant propane stocks: 
„ d 
Meine IN 


Total plant propane stock 


ae N and/or propylene stocks: 
Ir ³ðBſ A 8 


Domestic demand: 
Plant propane. Jͤͤͤ ⁵ ⁵ ↄ ' P 


Refinery probans and/or propylene: 
For tueluse______ et ee 
For chemical use `... ~~~ ee 


Total refinery propane and/or propylene 
domestic demand.........................- 


Total domestic demand... .................- 
Butane (including butylene): 
Production: 
At gas processing planta 
At refineries: 
For chemical use... 
Total production at refineries. ...............- 
Total productionnn 
Stocks, end of year: 
Plant butane stocks: 
At plants... colocar dtu ISI uias 
Total plant butane stock 


Refinery butane and/or butylene stocks: 
For fuel use k kt 


Total stocks 
IMportss 2c. ese ³ y ee bel 
F eR Joa ͥ⁰⁰⁵ ⁰fd y ⁰ 8 
Plant butane used at refiner ies 


Domestic demand: 
Plant Dutane ee Ee m 


Refinery butane and/or butylene: 
For fuel use ee 
For chemical use. ..............-............-- 
Total refinery butane and/or butylene 
Total domestic demand...................... 
Butane-propane mixture: 
Production: 
At gas processing plant᷑ss 
At refineries: 
For fuel USO eco laos ic tar iia 
Total production at refineries. . ..............- 
Total production 


See footnotes at end of table. 


1968 


57,345 
17,479 


74,824 


253,272 


78,903 


22,025 


100,928 


16,141 
357 


16,498 


936 
42 


41,526 
40,064 
12:418 
22,263 
62,327 


12,367 


4,671 
6,494 
11,165 


23 , 532 


1969 


31,375 
4 
31,379 
3,083 
215 
3,298 
34,677 
5,251 


2,412 
1,632 


209, 702 


56,886 
19,579 
76,465 
286,167 


86,471 
13,535 
10,987 


24,022 
110,993 


13,330 
210 


18,600 


1,448 
36 


40,268 
53,415 
5 25 
24,016 
77,431 


6,711 


5,102 
6,289 
11,391 


18,102 


1970 p 


38,791 
84 


38,875 


200,770 


62,191 
20,159 
82,350 
288 , 120 


87,253 
13,514 
8,693 


22,207 
109,460 


14,397 
414 


14,811 


912 
35 


43,758 
50,629 
14,050 

8,694 
22,744 
73,373 


5,677 
8,947 
5,353 
9,300 
14,977 
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Table 31.—Salient statistics of the major refined petroleum products 
in the United States—Continued 


(Thousand barrels) 


Product 1968 1969 1970 p 


Butane-propane mixture—Continued 
Stocks, end of year: 
Plant butane-propane mixture: 


At plants ³ð25³W o ad See deri E 528 240 p: 
e EES 12 91 3 
Total plant butane-propane mixture stocks 540 331 768 


Refinery butane-propane mixture: 


Total refinery butane-propane mixture stocks 343 251 220 
Total stook8. a ed oe duoc aee 883 582 988 
FoRDOPUS2 S Eeer 6,882 7,299 6,136 
Plant butane-propane mixture used at refineries 2,527 3,013 2,822 
Domestic demand: 
Plant butane-propane mixture 8,357 285 197 
Refinery butane-propane mixture: 
For fuel ue ida 4,488 4,538 3,978 
For chemical use 6,020 3,268 1,438 
Total refinery butane-propane mixture 10,508 7,806 5,416 
Total domestic demand... 13,865 8,091 5,613 
Isobutane: 
Production: 
At gas processing plants 29,780 26,902 30,753 
A AA 8 1,115 1, 706 1,521 


Total produe tion 30,895 28,608 32,274 


Stocks, end of year: 
Plant isobutane: 


Ne ³ AAA ls 7,736 6,854 5,355 

At refiner ies 273 206 261 

Total plant isobutane stocks. 8,009 7,060 5,616 

Refinery isobutane. o occ 32 17 40 

Total stock. 8,041 7,077 5,656 

Plant isobutane used at refineries LLL... 27,012 27,851 32,197 

Domestic demand: Refinery isobutane for chemical use 1,125 1,721 1,498 

Kerosine (including range oil): 
Production: 

At refineries. 2 2 222222 L LLL LLL LL LL Ls s scs 2222222 100,545 101,738 94,635 

At gas processing plants 1,027 1,121 1,077 

Total produetio nn 101, 572 102, 859 95.712 
Stocks, end of year: 

Meiner. sd EE 23,190 26,531 27,564 

At DION EES 290 249 284 

Total Stocks ne scada 23,480 26,780 27,848 

III ³ow-w y ⁵ 190 96 1.451 

CJ; ³˙XàJAàddd O Eu ine s 613 155 121 

Domestic demand 102,934 100,369 95,974 

Distillate fuel oil: o 
Production: 

At refineries. oo ooo 839,373 846,863 895,656 

At gas processing plants______.____________________- 1,308 1,541 1,441 

Total production 840,681 848,404 897,097 

Crude used directly as distillate_ 22.22 cL. 712 654 743 
Stocks, end of year: 

At refinerie8S s — 173,093 171,664 ? 195,213 

A..... 8 65 50 58 

Total stocks ee 173,158 171,714 195,271 


See footnotes at end of table. 
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Table 31.—Salient statistics of the major refined petroleum products 
in the United States—Continued 


(Thousand barrels) 


Product 1968 1969 1970 p 
Distillate fuel oil —Continued 
IMPONE scarico 48,148 50, 883 53, 903 
J)! ]²mdU s ⁵⁵⁰d d ususqa e ua ss 1. 547 1,123 936 
Domestic demand. `... ee 874,539 900 , 262 927,250 
Residual fuel oil: 
Fan 275, 814 265, 906 257,510 
Crude used directly as reaidusal --------------- 4,272 4,334 ,917 
Stocks, end of ea lc ee 65,359 58,395 53,994 
Imports EE EE 409,928 461,611 557,845 
Dr, 20, 013 16,891 19,786 
Domestic demand... 668 ,239 721,924 804,287 
Petrochemical feedstocks (excluding LRG): 3 
Poel, as 95,422 98,356 100,381 
Stocks, end of yea 2,945 2,845 ,619 
Imports: Naphth8-40029__ h | eee Se 40 5,195 
Exports: rtf ]³ꝛwmm ³⁰ 6 88 2, 795 3,848 3,776 
Pos e ema 
A A o RE oes ⁵ð LE et 8 9,844 9,985 12,564 
Naphtha. 400 3j 8 55, 618 57, 569 57,279 
e . e EE 27,474 27,094 31,183 
Total domestic demand........................-- 92,936 94,648 101,026 
Special naphthas: 
Production: 
At feinere 27,643 28,897 80,196 
At gas processing plantnn .......-.-..- 473 492 384 
Total produetioůnn 2l c cll. l l.l. 28,116 28,889 30,580 
Stocks, end of year: 
Aenne A 5,816 6,281 6,184 
/ A sued 13 11 9 
Total stocks. ⁵ð%d/ ds ds 5,829 6,292 6,193 
Importi A A A 1,399 3,191 2,111 
FEXDOrt8 A 8 2, 427 2,019 1, 584 
Domestic demand... ald 21, 007 29,598 81,206 
Lubricants: 
Producir a 65,684 65,080 66,183 
Stocks, end of yea. .......-.--....-- ~~~ ee eee 14,023 14,088 14,712 
h ee ee k eee ease be wees 33 163 224 
Exports: 
e ß ctae Ee mu ee 298 257 292 
IR EE 17,703 16,139 15,758 
err ³ð bed RE ES 18,001 16,396 16,050 
Domestic demanßddſdſgaii i 48,467 48,782 49, 783 
Wax (1 barrel = 280 pounds): 
Poaleteesesesees 5, 887 6,049 6,294 
Stocks, end of ꝛeae kk 1,001 997 993 
lll A si usss 17 158 117 
EF A A 1,588 1,623 1,809 
Domestic demand.................-. 2. 22-2 L2 LL Lll. ee 4,360 4,588 4,606 
Coke (5 barrels = 1 short ton): 
Production: 
Marketable cock 45,823 52,006 59,107 
Catalyst COK8.:.. ð²ðↄ ! ] le eum aaa 49,367 50,862 48,764 
Total produetioůon[nnsnsnsnnnn 95,190 102,868 107,871 
Stocks, end of vear. ee 6,195 5,198 ,297 
Exports AA AAA 8 19,497 23,085 80,554 
Domestic demand. .....................-........2....2... 76,819 80,830 77,218 
Asphalt (5.5 barrels = 1 short ton): 
Production. eeh ee Eed 135,460 135,691 146,658 
Stocks, end of ea hkk 20,055 16,753 15,779 
Imports %% A 8 6,236 4,761 6,201 
EXPO. aa ana iba 429 464 359 
Domestic demand. ........... ..- „„ „„5 141,151 143,290 153,474 
Road oil: 
Production «= --.csuutovea ed Rm dae amd c ce e eee 6,826 9,086 9,393 
Stocks, end of xeaee kk 550 880 632 
Domestic e daf E WEE 7,080 8,756 9,641 
Still gas for fuel: Produetion. nn 149,796 160,363 163,905 


See footnotes at end of table. 
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Table 31.—Salient statistics of the major refined petroleum products 
in the United States—Continued 


(Thousand barrels) 


Product 1968 1969 1970 p 
Miscellaneous products: 
Production: 
At renneries: coccion 15,711 17,139 14,746 
At gas processing plants...._..-..-....-..----.---.- 3,385 805 924 
Total production. _------------------------------ 19,096 17,944 15,670 
Stocks, end of year: 
A AA eee downer leue 1,931 2,345 2,105 
At plant EECHER 25 19 
Total stocks________ d 1,956 2,364 2,120 
IR dee IS IN A nA Saa y ⁰ʒ 1,049 919 1,071 
Domestic demand. dada 11 FROM 17,842 16,617 14,848 
Unfinished oils (net): 
Input (+) output C=) science UH NE -F26,152 -+34 ,346 +38, 091 
Stocks, end of ꝛeaarkk 93,399 97,819 98,989 
Ä mau ⁰⁰⁰m D m E 29,350 38,766 39,261 


p Preliminary. NA Not available. 

1 Includes underground stocks at plants and refineries, in thousands of barrels. At plants: ethane, 1969, 
1,904; 1970, 810; propane, 1969, 24,902; 1970, 31,924; butane, 1969, 10,416; 1970, 10,902; butane-propane 
mixtures, 1969, 190; 1970, 291; and isobutane, 1969, 6,438; 1970, 4,317. At refineries: (includes LRG): propane, 
1969, 2,582; 1970, 2,153; isobutane, 1970, 766; butane, 1969, 932; 1970, 1,679; butane-propane mixtures, 
1969, 199; 1970, 127. 

2 Includes 4,276,000 barrels of No. 4 fuel oil. Data for previous years are not available. 

3 Produced at petroleum refineries. Data for LRG for petrochemical feedstocks are included with those for 
“Liquefied gases.“ 

Note: ‘Stocks at refineries” include stocks at refineries and bulk terminals operated by refining and refined 
products pipeline companies, including pipeline fill. “Stocks at plants” include stocks at plants and terminals 
operated by natural gas processing companies and natural-gas liquids stocks at terminals of pipeline com- 
panies, including pipeline fill. 
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Table 33.—Input and output of petroleum products at refineries in the United States 
(Thousand barrels) 


1966 1967 1968 1969 1970 p 
INPUT 
Crude petroleum 
Demefte 3,000,789 3,174,004 3, 308,044 3,363,602 3,485, 332 
, ß A 6,404 408,590 1 466,316 1 516,008 1482, 171 
Total crude petroleum 3,447,193 3,582,594 3,774,360 3,879,605 3,967,508 
Unfinished oils rerun (net : í 26,152 34,346 38,091 
Total crude and unfinished oils rerun .. 3,481,825 3,616,831 3,800,512 3,913,951 4,005,594 
Natural gas liquids: 
Liquefied petroleum gases 68,408 68,675 72,652 72,764 80,307 
Natural easolne 222. 133, 484 138,521 148,132 157,492 163,976 
Plant condensatee 33,693 37,524 38,552 34,332 34,051 
Total natural gas liquid 235,580 244,720 259,836 264,588 278,834 
Other hydrocarbons and hydrogen 2 80 87 377 „218 238 
OUTPUT 
Gasoline: 
Motor gasoline o ooo 00000 1,742,456 1,801,448 1,902,264 1,995,947 2,080,199 
Aviation gas oline 244 37,074 31,568 26,460 19,712 
Total gasoline o ooo oc. 1,783,700 1,838,522 1,933,827 2,022,407 2,099,911 
Jet fuel: 
Naphtha-type?...............-.-...-.- 89,473 109,650 121,165 104,748 84,060 
Kerosine-type..............--....-.--- 125,973 163,535 193,486 216,952 217,832 
Total jet fuel h)) 215,446 273,185 314,651 321,700 301,892 
Ethane (including ebviene). ------------ (4) 7,028 9,446 9,159 , 460 
Liquefied refinery gas 
reid. 60,090 67,589 71,102 75,659 80,870 
For chemical ugse 46,128 86,900 37,539 38,703 35,657 
Total liquefied refinery gas 106,218 104,489 108,641 114,362 116,527 
Kerosnn ee sas 100, 849 99,061 100,545 101,738 94,635 
Distillate fuel oil 22.222222 222. 2- 784,717 804,429 839,373 846,863 895,656 
Residual fuel oil......................-...- 263,961 275,956 275,814 265,906 257,510 
Petrochemical feedstocks: 
Still CAS u L u Suma punya Sus 10,068 9,500 9,844 9,985 12,564 
Naphtha-400°________________......-.-- 38,446 50,573 55,077 57,389 54,154 
Other. A A AA 25,939 27,355 30,501 30,982 33,663 
Total petrochemical feedstocks........ 74,458 87,428 95,422 98,356 100,381 
Special naphthas )) 29,634 26,912 27,643 28,397 30,196 
Hip o a 65,407 64,870 65,684 65,080 66,183 
E ee 5,772 5,719 5,887 ,049 6,294 
tee 88 , 054 90,933 95,190 102,868 107,871 
Asphalt’: Lugu esse e 129,579 127,767 135,460 135,691 146,658 
Road Ol: ciar i oe . er 7,247 6,978 6,826 9,086 9,393 
Still gas for fue“llll 135,459 140,034 149,796 160,363 163,905 
Miscellaneous ꝶ 16,474 14,919 15,711 .17,139 14,746 
Processing gain ( —) or loss (T“) —89,535  —106,592 -—116,691  —122,412  —131,052 


P Preliminary. 
! Includes some Athabasca hydrocarbons. 


* Benzol included for 1966-67 only. “Other hydrocarbons and hydrogen" is defined as including all hydrogen, 
process natural gas, tar sand bitumen, gilsonite, shale oil, and other naturally occurring hydrocarbon mix- 


tures consumed as raw materials in the production of finished products. 


3 Production at natural gasoline plants shown as direct transfers and omitted from the input and output 


at refineries. 
4 Included with liquefied refinery gases. 


s Conversion factors: 280 pounds of wax to the barrel; 5.0 barrels of coke to the short ton; 5.5 barrels of 


asphalt to the short ton. 
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Item 


INPUT 1969 
Crude petroleum: 


Total crude petroleum 
Unfinished oils rerun (net 


Total crude and unfinished 
oils rerun..............-- 


Natural gas liquids: 
Liquefied petroleum gases 
Natural gasoline..............- 
Plant condens ate 


Total natural gas liquids. _ __ 
Other hydrocarbons 


. OUTPUT 1969 
Gasoline: 
Motor gasoline 22 
Aviation gasoline............. 


Total gasoline ). 
Jet fuel: 


Naphtha-type?__............- 
s: F 


LRG for fuel A 


Total liquefied gases 
Kerosine 2 


Bright stock. 
Neutral o ooo 


Wax: 
Microcrystalline ...----- 
sic rebned. — 


oad oil 
Still gas for fue ll 
Miscellaneous products 2 
Processing gain (—) or loss (S) 


See footnotes at end of table. 
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Table 35.—Input and output at refineries 
(Thousand 


PAD district I PAD district II 


East Appa- Appa- Ind., Minn., Okla., 


Coast lachian Total lachian IIl., Wis., Kans., Total 
No. 1 No. 2 etc. etc. etc. 


181,420 23,122 204,542 22,711 643,645 23,309 322,552 1,012,217 
247,029 26,286 273,315 100 138,093 49, 120 143 187,456 


428,449 49,408 477,857 22,811 681,738 72,429 322, 695 199 85 


＋64, 843 71, 268 +66,111 +203 —2, 228 —10 41,167 


493,292 50,076 543,968 23,014 679,510 72,419 323, 862 1,098,805 


2,449 9 2,458 127 8,773 2,903 9,390 21,193 
1,867 4 1,871 4 9,873 725 11,569 22,171 
801 23 824 291 41 32—2— 704 
5,117 36 5,153 131 18, 937 4,041 20,959 44,068 
390 ........- S ee cues pasu soe 215 215 


231,200 20,510 251,710 12,086 à 370,221 39, 572 188,928 610,807 
831 _.. . . . . - - 831 _.. . . 2,088 ......... 655 2,743 


232,031 20,510 252,541 12,086 372,309 39,572 189,583 613, 550 


5, 104 722 5,826 ......... 7,234 1,028 9,272 17,534 
11,716 573 12,289 22 30,144 1,464 10,555 22, 185 
16, 820 1,295 18,115 22 37,378 2,402 19,827 59,719 

EJ 122 122 
12,021 889 12,910 259 10,528 1,427 8,814 21,028 

470 A goasic 2,552 css 816 „3 
16, 741 889 17,630 259 13, 080 1,427 9,630 24, 396 


124,465 12,342 136, 807 5, 129 135,896 17,687 78,224 236, 936 
37.7 83 7 


1,490 ......... 17400 / de 1,347 
27523 . 2,523 __ 3.5290 1,824 5,350 
557 DAL AA 2,665 ......... 656 3,321 

4,873 557 5,430 ......... 7,538 ......... 2,480 10,018 
734 372 i 293 3,821 ......... 1,385 5,499 

275 1,202 ie c. | wer s 1,303 
2,201 1,904 4,165 112 3,787 ........- 3,497 7,396 
4,143 64 4,907 ......... SL os 1,317 3,128 
6,679 3,870 10, 549 112 6,0999 5,616 11, 827 
331 252 583 ........- 33 262 299 
1.037 44 1,081 14 228 ns asta 256 498 

7 280 9358 „ 141 25. 51 192 

2,025 576 2,601 14 406 ......... 569 89 
13,429 17 13,576 96 18,173 3,037 8,641 29,947 
27,294 1,676 28,970 1,802 29,921 3,807 13,3665 48, 895 
e 5 . 3,179 245 1,030 4,454 
18, 612 2,013 20, 625 984 31, 016 2,725 13,080 47, 805 
1,785 5 1,940 14 1,275 2 1,325 2,736 
—16, 612 —21 —16, 639 —311 —21, 927 —2, 078 — 10, 205 —34, 521 


CRUDE PETROLEUM AND PETROLEUM PRODUCTS 885 
in the United States, by districts 
barrels) 
PAD district III PAD PAD 
district IV district V 
—————— —r United 
Texas Texas La. Ark., La., New Other West States 
Inland Gulf Gulf Inland Mexico Total Rocky Coast 
etc. Mt. 
141,656 878,486 469,150 52,675 14,209 1,556,176 128,039 462,628 3,363,602 
pi ass CU iD A 8 12 12,605 142,615 1 516,003 
141,656 878, 486 469, 162 52,675 14,209 1,556,188 140, 644 605, 243 3,879, 605 
—713 —30, 700 —6, 856 +1, 237 —6 — 37,038 -+379 +5,762 +34, 346 
140, 943 847,786 462,306 53,912 14,203 1,519,150 141,023 611,005 3,913,951 
7,870 19,435 9,362 1,017 538 38, 222 3,539 7,352 72,764 
14,459 79,212 20,954 843 605 116,073 1,974 15, 403 157,492 
28 26,554 2,439 2,987  J........- 32, 008 271 525 34,332 
22,357 125,201 32,755 4,847 1,143 186, 303 5,784 23,280 264,588 
RE CE 178 S et Ed 658 203 2,787 4,213 
87,615 436, 493 226, 029 26, 562 8,244 784,943 72,545 275, 942 1,995,947 
2,415 š 220000 ; -. ul maaa 16, 384 508 : 26, 
90, 030 444, 256 232,235 26,562 8,244 801,327 73,053 281,936 2,022, 407 
9,290 21,765 15,091 1,573 1,741 49,460 3,715 28,153 104,748 
9,639 45,987 45,266 50 100, 942 4,620 56,916 216,952 
18,929 67,752 60,357 1,573 1,791 150,402 8,395 85,069 231,700 
132 5,512 2.1100. . xl Soe „399 648 9,159 
3,096 14, 672 11,729 1,085 333 30,915 1,925 8,881 75,659 
292 20,774 6,821 185 J ......... 28,072 23 2,520 38,703 
3,388 35, 446 18,550 1,270 333 58, 987 1,948 11,401 114,362 
1,428 41,710 16,548 1,419 142 61,247 1,991 1,152 101,738 
24,365 213,560 108, 334 12, 807 2,646 361,712 34,318 77,090 846,863 
4,304 36,053 11,169 2,606 330 54, 462 10, 183 102,258 265,906 
8 6, 308 %% 6, 315 146 687 9, 985 
1,627 40,596 2,307 193 44,723 — 4,793 57,389 
2,975 6,094 13,883 249 106 23,307 305 2,632 30, 982 
4,602 52,998 16,197 442 106 74,345 451 8,112 98,356 
1,006 15,572 510 956  . ....... 18,044 146 ; 28,397 
EEN 1,664 C A 2, 304 27 1,058 6, 169 
Ee 8, 484 5,927 BIT: usas 14,928 237 1,869 28,595 
156 16,951 1,024 1,436 __.. 19,567 62 2,652 30,316 
156 27,099 7,591 1,953 _. “ 36,799 326 5,579 65,080 
92 203 „ ee 389 8 1.277 
NEP 539 3. 8 935 51 242 2, 807 
T 404 I; ll. AT 597 24 215 1,965 
92 1,236 BOS: Lassen ER 1,921 81 457 6,049 
2,955 17,598 12,874 2, 208 148 35,183 2,9060 21,202 102,868 
6,577 8,192 9,338 6,164 813 31,084 7,943 18,799 135,691 
106 Jö (( Tease masa 190 1,978 1,879 9,086 
5,561 34,562 15,930 2,443 566 59,062 4,499 28,372 160, 363 
971 6,408 1,353 Oi iuanlssuis ,819 3 3,591 17,139 
—702 —34,933 —18,783 —1,671 +227 —55, 862 —1,315 —14,075 —122, 412 


886 


Item 
INPUT 1970» 


Total crude petroleum 
Unfinished oils rerun (net 


Total crude and unfinished 
oils rerun... ............. 


Natural gas liquids: 
Liquefied petroleum gases 
Natural gasoline............. : 
Plant condensate.............. 


Total natural gas liquids. . __ 
Other hydrocarbons 


OUTPUT 1970P 
Gasoline: 
Motor gasoline 2... .....-..- 
Aviation gasoline............. 


Total gasoline 22. 


Jet fuel: 
Naphtha-type 
Reroane-tvpe 


Total jet fuel 422. 
Ethane (including ethylene) 


Liquefied gases: 
LRG for fuel use 


Kerosine?. _.............._..._-- 


Petrochemical feedstocks: 
till PAS occ a oS soon ee 
B aphtha—400?. ._..._._..__- 


Lubricants: 
Bright stock ..-------------- 
Neutral. o 
Other grades 


Total lubricants._.__....... 


C ep ep ep c c» s «D s. — gn Dam ms ep em ge wm em 


Road oil 
Still gas for fuel 
Miscellaneous products 222. 
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Table 35.—Input and output at refineries in 


(Thousand 
PAD district 1 PAD district 11 
East Appa- Appa- Ind., Minn., Okla., 
Coast lachian Total lachian Ill., Wis., Kans., Total 
No. 1 No. 2 etc. etc. etc. 

237,178 20,462 257,640 21,183 666,357 23,573 326,930 1,038,043 
181,481 31,771 213,252 786 161,911 49,467 1,049 1113,213 
418,659 52,233 470, 892 21,969 728, 268 73,040 327,979 1, 151, 256 
＋55, 255 +674 +55, 929 +172 —381 +14 — 552 —747 
473,914 52,907 526,821 22,141 727,887 73,054 327, 427 1, 150, 509 
2, 155 12 2,167 60 10,838 3,038 11,808 25,744 
2,428 3 VC „459 857 11, 196 21,512 
688 21 79 291 2:940. inn 2,870 
5,271 36 5,307 60 20, 588 6,474 23,004 50,126 
ISS LÀ AE, SEN 225 225 
219,511 21,554 241, 065 11,367 394, 565 40,521 193,171 639, 624 
530 ........- 530 .......-- 1305 1s 439 2,144 
220,041 21,554 241,595 11,367 396, 270 40,521 193,610 641, 768 
2, 606 756 388 2: Ts 6,285 764 7,914 11,963 
11,108 894 12,002 8 31,706 1,028 11,840 44,582 
13,714 1,650 15,364 8 37,991 1,792 19,754 59,545 
AD EN IR Wee e A 316 316 
11,964 1,091 13,055 331 12,636 1,386 8, 400 22,753 
SV EE 1830 2... 2,983 ........- 751 3,734 
15,794 1,091 16,885 331 15,619 1,386 9,151 26, 487 
11,273 1,143 12, 416 879 17,488 1,779 3,419 23,565 
127,280 12,938 140,218 5,523 152,920 18,630 77,962 255,035 
30,650 4,409 35,059 1,868 47,586 7,023 6,362 62,839 
1,764 `... 1,764 ........- 1,660 ......... 50 1,710 
2,249 2...2- 2,2499 4,129 ........- 2,204 6,333 
610 737 1317777 27933535 507 3,442 
4, 623 737 5, 3600 „„ 2,761 11, 485 
709 331 1,040 253 3,080 ......... 1,311 4,644 
608 1,168 1:140 etuer 5555 891 1,444 
3,393 1,976 5,369 17 2,390 ........- 3,642 6,049 
3,464 673 4 DT usd 3400 “ 1,244 4,649 
7,465 3,817 11,282 17 6,348 ........- 5,777 12,142 
333 198 BSL c u usus 3 257 284 
979 87 1,066 14 280 257 551 
564 289 853 uar. Cole 125: cx 99 224 
1,876 574 2,450 14 3333 613 1,059 
11,986 151 12,137 39 18,500 3,072 9,181 30,792 
29,853 2,048 31,901 1,521 30,549 4,461 14,679 51,210 
DE 669 669 __. — 4,069 246 1,013 5,328 
18, 292 2,123 20,415 736 30,666 2,460 12,672 46,534 
1,688 118 1,806 18 1,189 122 1,239 2,568 
—15,841 —410 —16, 251 —373 —22, 956 —1,964 —9, 164 —34, 457 


Processing gain (—) or loss () 


P Preliminary. 


1 Includes some Athabasca hydrocarbons. 


2 Production at gas-processing plants shown as direct transfers and omitted from the input and output at refineries. 


3 Conversion factors: 280 pounds of wax to the barrel; 5.0 barrels of coke to the short ton; 5.5 barrels of asphalt to the short ton. 
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the United States, by districts—Continued 


harrels) 
PAD district III PAD PAD . 
district IV district V 
-———- — —————b' ——ä— — — ———  . — United 
Texas Texas La. Ark., La., New Other West States 
Inland Gulf Gulf Inland Mexico Total ROSE Coast 
etc. t. 


144,317 804,181 480, 866 96,040 14,784 1,590,188 126, 164 473,297 3, 485, 332 
) - sd. xime: Maceo ARES 17,162 138,544 1 482,171 


144,317 894,181 480, 866 56, 040 14,784 1,590,188 143,326 611,841 3,967,503 
—242 —27,251 +1,416 +773 +59 —25, 245 —280 +8, 434 +38,091 
144,075 866, 930 482, 282 56,813 14,843 1, 564, 943 143, 046 620,275 4, 005, 594 
8, 638 20, 981 11,796 804 717 42,936 3,902 5,898 80, 307 
14,962 84,731 25,487 820 345 126, 345 1,830 11,858 163,976 
ebe 24,974 2,212 2,749 332 29,935 59 478 34,051 
23, 600 130, 686 39, 495 4,373 1,062 199, 216 5,451 18, 234 278,334 
91 93 7. “sea 649 135 5,011 6,238 
91,206 463,284 244,268 26, 986 8,141 833,885 73,680 291,945 2, 080, 199 
2, 058 5,574 „Il "e 11,304 443 5,291 19,712 
93,264 468,858 247,940 26,986 8,141 845,189 74,123 297,236 2, 099, 911 
8,648 13,539 8,372 1,654 1,863 34,076 3, 932 27,727 84,060 
9,180 49,646 39,033 . ......... 158 98,017 3, 943 59,288 217,832 
17,828 63,185 47,405 1,654 2,021 132,093 7,875 87,015 301,892 
102 5,283 . oct 5 0615: soup 629 9,460 

I 3,372 15,525 13,310 1,091 534 33,832 2,291 8,939 80,870 | 
277 16,160 7,346 ^; y 8 24,040 | ......... 4,053 99,057 
3,649 31,685 20,656 1,348 534 57,872 2,291 12, 992 116,527 
1,501 32,097 19,756 1,361 110 54,825 2,042 1,787 94,635 
25,787 228,836 120,587 14, 239 2,897 392,346 34,587 73,470 895, 656 
4,308 36, 925 15,599 3,101 409 60, 342 9, 100 90,170 257,510 
— — 1,0007 Liheci6 usn. . uds 7,855 135 1,100 12,564 
1,471 38,567 1,709 DU ui eeu E 41,752 . ........- 3,820 54,154 
2,0984 6,599 17,051 23441 26, 868 214 1,792 33,663 
4,455 53,021 18,760 23388 76, 475 349 6,712 100, 381 
1,061 16,835 550 088 19, 482 145 4,885 30,196 
3 1,837 . keen te 2,531 48 1,748 7,547 
[isis al 7,653 6,386 1,053 u2x:22€5 15,092 191 2,072 28,773 
137 17,345 963 840  ........- 19,285 136 1,656 29, 863 
137 26,835 8,043 1,893 3 36, 908 315 5,476 66, 183 
89 185 FCC 370 . 1.191 
e 512 BOL OS 873 47 323 2,860 
AAA 614 PU als Sm 893 31 242 2,243 
89 1,311 e Pn 2,130 84 565 6,294 
2,325 18,599 13,122 2,213 117 36,376 3,385 25,181 107,871 
7,204 9,037 12, 138 6, 629 980 35,988 8,840 18,719 146,658 
135 OG, posaron ³˙A Pis 188 1,849 1,359 9,393 
6,236 34,239 15,521 2,066 564 58, 626 5,134 33, 196 163,905 
1,146 5,508 1,339 19. ee 8,012 81 2,279 14,746 


—1,461 —34,598  —23,040 —1,598 F132 ` — 60,565 —1,628 18,151  —131,052 
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Table 36.—Percentage yields of refined petroleum products from crude oil 


in the United States 1 


Finished products 1966 1967 
Gasoline 44.4 44. 0 
ee! E 6.2 7. 5 
Ethane (including ethylene ) (2) (2) 
Liquefied vagen 3.0 3.1 

eros ine 2.9 2.7 
Distillate fuel oil___ -. 22. 5 22.2 
Residual fuel ol 2.2-2- 7.6 7.7 
Petrochemical feedstocks. ........ 2.1 2.4 
Special naphthas................ 9 8 
Lubrica nt 1.8 1.8 
MU ici .2 .2 
(ORB cuan a ee 2.5 2.5 
lll osuere 3.8 3.5 
Road ollo. ¿us isa :2 .2 
Still gas e ose 3.9 3.9 
Miscellaneous. .5 .4 
Shor tage —2.5 —2.9 

Total... ⁵ĩðͤ 100.0 100.0 


p Preliminary. 
1 Other unfinished oils added to crude in computing yields. 
2 Included with liquefied gases. 
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Table 38.—Production (refinery output) and consumption of gasoline 
(excluding naphtha) in the United States, by States 
(Thousand barrels) 
1968 1969 1970 » 
State — ——ũ ſ— — _ — _  _ _ — 
Produc- Consump- Produc- Consump- Produc- Consump- 
tion tion ! tion tion ! tion tion 1 
Alabama................-..-.-- (2) 34,006 (2) 36,042 (2) 38,155 
Alaska. colla nasa dais — 2,235 — , 449 — 2,430 
Arizona. — 18, 088 — 20, 527 — 22, 649 
Arkansass s 13,325 20,935 14,515 22,092 15,257 23,019 
California. 2272, 049 201,477 2281, 936 210,903 2297, 236 219, 693 
Colorado- _---.--------------- 6,9 22,944 ,736 24,445 ,116 26,528 
Connecticuntrtr — 26, 408 27, 638 29, 026 
elaware (4) 5,776 (4) 6,024 (4) 6,305 
District of Columbia — 5,575 5,670 5,705 
e Suyla us Ds — 67,320 — 72,790 — 78,761 
Georgia — 48,285 — 52,149 — 55,206 
e ...-- (3) 5,005 (3) 5,254 (3) 5,439 
. O — 8,617 — 9,259 — 9,791 
ines A 136,576 99,696 132,838 103,067 152,576 105,323 
liens 87,559 55,676 95,955 57 , 922 97,576 60,045 
E BEE — 35,143 — 36,182 — 36,350 
Kansas 5 95,898 29,114 5 98,123 32,619 598,674 32,816 
Kentucky. / 622,348 30,953 6 24,509 32,641 626,837 34,373 
Louisiana 222, 477 33,027 237,515 34,532 253,357 85,763 
Malle. -— A M — 10,816 — 10,715 — 11,220 
Maryland. ...................- — 32,945 — 35,238 — 37,626 
Massachusetts — 45, 156 47,075 — 49,891 
Michigan . 26,478 91, 128 26, 560 95, 956 26,804 99,619 
Minnesota... 22,481 41,094 25,719 43,776 25,788 45,412 
Mississippi. ................... 26,868 22,417 26,767 23,905 26,312 24,952 
Missouri (5) 51,939 54,567 5 57,016 
Montana 21.210 9, 560 21,397 9, 664 22,233 10,125 
Nebraska (5) 18,962 19,975 20,225 
Nevada. `. 2-222222- — 6,726 — 7,0 — 7,693 
New Hampshire — 7,213 7,723 — 8,295 
New Jersey ooo. 79,970 62,572 89, 418 64,363 84,232 67,510 
New Mexico 8,030 12,297 8,244 12,944 8,141 13,431 
New York... .. . . costs ea 11,831 138,401 13, 686 150,120 14,396 149,777 
North Carolina................- — 51,502 55,183 — 57,650 
North Dakota. `. 7 14,638 8,698 7 13,853 9,109 714,733 9,060 
ONO uta e rs il e 101,510 100,086 104,533 105,053 103,844 109,519 
Oklahoma. ................---- 90,978 33,786 91, 460 35,398 94,936 37,490 
Oregon — 22, 766 23,874 — 25,336 
Pennsylvania 4 131,756 97,040 4 139,813 100,946  *135,396 103,472 
Rhode Ialand — 7,596 ,942 — ,240 
South Carolina — 25,687 — 27,346 — 29,066 
South Dakota ------------—- — 9,822 — 9,899 — 10, 143 
enness e 6) 39,200 6 41,80 (8) 43,259 
KEE 511,362 153,87 534,286 149, 737 562,122 152,226 
Uta Docus aa ue 20,59 12,810 21,526 14,021 22,158 14,372 
Vermont.. — 4, 555 4,772 — 5,115 
iii 8 (8) 45,011 (8) 48,020 (8) 50, 862 
Washington (3) 33,836 (3) 35,595 (3) 36,721 
West Virginia 8 8,965 15,120 89,624 15,603 87,571 16,526 
Wisconsin (7) 42,017 7 44,210 7 46 ,386 
Wyoming 20, 435 5, 514 23,394 5,760 22,616 6,085 
ol! u: eet ees 1,933,827 2,009,928 2,022,407 2,109,554 2,099,911 2,191,692 
p Preliminary. 
1 American Petroleum Institute. 


2 Ala 


bama included with Mississippi. 


3 Washington and Hawaii included with California. 
Delaware included with Pennsylvania. 

5 Nebraska and Missouri included with Kansas. 

6 Tennessee included with Kentucky. 

z Wisconsin included with North Dakota. 

s Virginia included with West Virginia. 
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Table 40.—Shipments of aviation fuels 
(Thousand barrels) 


Shipments to PAD districts 


Product and use — — —— ů̃ —— U.8. 
1 II III IV V total 
1969 
Aviation gasoline: 
For commercial use: 
Airlines 638 327 195 37 266 1,463 
Factory... ... ... . . ........... 85 62 88 1 20 206 
General aviatioů nn 2, 581 2, 556 1,639 376 1,898 9,050 
Tota los cai a sts De 3,304 2,945 1,872 414 2,184 10,719 
For military use 3,934 1,427 5,556 304 3,893 15,114 
Jet fuel: 
For commercial use: 
Airlines 83, 613 49, 504 19,009 6,253 68,898 227,277 
Factor 1, 606 717 325 1,052 3,700 
General aviation 3,759 1,803 923 151 1,114 8,356 
TOCA: di Sl sz 88,978 52,024 20,257 7,010 71,064 239,333 
For military use 
%% ³ K s tos 128, 868 16, 904 22, 537 8,688 236,872 108, 869 
JP-5. clos 8 5,204 60 4,982 . .....- 6,926 17,172 
GOM... 8 177 162 467 — aaan 379 1,185 
Totál cos oret A 34,249 17,126 27,986 3,688 44,177 127,226 
1970 


Aviation gasoline: 
For commercial use: 


Airlinee ss 447 319 216 24 158 1,164 
Feier 8 54 27 20 unen 14 115 
General aviation 2,248 2,557 1,604 399 1,817 8,625 
Total uc ke Soul c ¿uols Q aces 2,749 2,903 1,840 423 1,989 9,904 
For military use 1.941 1. 226 3,616 243 2,964 9,990 
Jet fuel: 
For commercial use: 
Airlines 87, 704 48,812 19,414 6,493 67,835 230, 258 
FPaet erh 1. 340 926 234 • 6ö 533 3,033 
General aviation 8,058 2,449 1,681 158 1,925 9,871 
Pf AAA 92,102 52,187 21,329 7,251 70, 298 243, 162 
For military use 
med ctu II SD D tee 320,840 15,290 15,254 2,516 132,745 86,645 
OO EE 6,723 77 3,843 7,368 18,011 
Ohe AERA 232 65 540 30 461 1,328 
Total. oia Su Sc dns 27,795 15,432 19,637 2,546 40,574 105,984 


1 Excludes 93,000 barrels imported directly by the military. 

2 Excludes 1, 013, 000 barrels imported directly by the military. 

3 Excludes 3,143,000 barrels imported directly by the military. 

4 Excludes 960, 000 barrels imported directly by the military. 

Definitions of terms used in this table: 

Aviation gasoline—any fuel in the gasoline boiling range for use in a piston-type aviation engine. 

Jet fuel —any fuel for use in an aviation turbine engine. 

Airline—sales to U. S. certificated air carriers, including air freight carriers, international air carriers (if de- 
livery is made in the United States) and to such other air carriers as supplemental or nonscheduled car- 
riers, air taxis, etc. 

Factory direct sales to airframe and engine manufacturers, 

General aviation—primarily sales to distributors and airport dealers. 

Military—sales to Defense Fuel Supply Center and to other military agencies of the U.S. Government. 
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Table 49.—Statistical summary of petroleum asphalt and road oil 
(Thousand short tons) ! 


1966 

Petroleum asphalt: 

Podueti s 23,560 

Imports (including natural) 1,110 

Fill AS 87 

Stocks (end of period 8,147 

Apparent domestic eonsump tion 24,377 
Petroleum asphalt shipments: 

OVING a EE 19,648 
EE -uena A A A A EA 3,992 
Mot cr ole 2,798 

Total A k IA 26,438 

Road oil: 
Ir Aa 1,318 
Stocks (end of period)_..._......._-.-.--.--- 167 
Apparent domestic consumption 1,257 
Road oil shipmenttn enk 1,045 


p Preliminary. 


1967 
23,230 
1,172 
77 
3,265 
23,847 


18,867 
3,967 
2,969 


25,803 


1,290 
1,033 


1 Converted from barrels to short tons (5.5 barrels = 1 short ton). 


1968 
24,629 
1,134 
78 
3,646 
25,664 


20,690 
4,767 
2,922 


28,379 


1,287 
1,025 


1969 
24,671 
866 
84 
3,046 
26,053 


21,333 
4,080 
2,743 


28,156 


1970 p 
26,665 
1,127 
65 
2,869 
27,904 


23,787 
3,806 
2,865 


30,458 
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Table 51.—Salient statistics of road oil in the United States, 
by months and refining districts 


(Short tons) 1 


1969 1970 p 
Stocks Stocks 
Produc- (end of Domestic Produc- (end oÍ Domestic 
tion period) demand tion peirod) demand 
By month: 

, 47,273 124,727 22,546 23,636 139,818 43,818 
February..........-..-..-- 30,909 147,091 8,545 41,455 161,818 19,455 
Maren 91,273 214,546 23,818 90,545 217,454 34,909 
April: uu su oe 66,182 232,545 48,183 105,636 250,363 72,727 

BY ARA ae EUR Cc 142,182 254,182 120,545 202,364 287,273 165,454 
June c A ͤ as cC 200,909 256,546 198,545 226,545 275,818 238,000 
lr 233,091 236,727 252,910 299,091 233,273 341,636 
August ooo 329, 818 259,273 307,272 278,727 195,818 316,182 
September 219,818 210,364 268,727 186,182 140,364 241,636 
Oetobe rr 162,727 170, 545 202, 546 130, 727 101, 273 169,818 
November.............-.-- 78,545 157,818 91,272 11,454 100,727 78,000 
December 49,273 160,000 47,091 45,455 114,909 31,273 

Sl ani 1,652,000 160,000 1,592,000 1,707,817 114,909 1,752,908 

By refining district: 

Rast Coast- cata eno nu AAA 8 105,818. deng, 123,454 
Appalachian No. 1.......... 106,364 2,909 121,636 1,091 
Appalachian )) DECH 
Indiana, Illinois, Kentucky, 

G4 ces eis 578,000 42,727 774,364 739,818 31,091 996,182 
Minnesota, Wisconsin, 

North Dakota. 44,545 .......-- 44,727 182 
Oklahoma, Kansas, etc...... 187,273 20,727 184,182 4,727 
Texas Inland 19,273 182 24,545 727 
Texas Gulf Coast 15,273 546 9,8380 
Louisiana Gulf Coa V „„⸗„„„„„„„ „„ 
Arkansas, Louisiana Inland, 34,364 34,182 

AE IA A A A 
New MexiCO ou a Sa da ð k xx az 
Rocky Mountain 359,636 27,273 362,909 336,182 23,273 340,727 
West Coast - 341,636 65,636 314,545 247,091 53,818 258,363 

Total ce oe ee ee isa: 1,652,000 160,000 1,592,000 1,707,817 114,909 1,752,908 


p Preliminary. 
1 Converted from barrels to short tons (5.5 barrels = 1 short ton). 
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Table 55.—Production of miscellaneous finished oils in the United States in 1970, 
by districts and classes 
(Thousand barrels) 


Absorp-  Petro- Specialty Petro- Other 


District tion latum oils chemicals products Total 
East Coast. ere ae ibas Dude as, 1,212 348 128 1,688 
Appalachian No. 1.........................-. 6 69 22 4 17 118 
Appa acniani No eebe nas u ds das 18 ea ee 18 
Indiana, Illinois, Kentucky, etee 88 16 524 529 32 1,189 
Minnesota, Wisconsin, North Dakota, and 
South Dakota ico cesante 3 TOF Mss 122 a 122 
Oklahoma, Kansas, etc e 287 220 673 3 274 1,454 
Texas Leland emgeet ie e E 151 PCM 185 930 29 1,295 
Texas Gullo ³»¹ a oo as 27 274 1,442 3,337 455 5,535 
Louisiana Gulf ~~~ eee 400 4 PEN 1,092 202 1,739 
Arkansas, Louisiana Inland dd 133 CRM £r. 6 13 152 
Rocky Mountain, New Mexico..............- PS 8 p 31 50 81 
West Coast... conca 28 18 1,579 387 267 2,279 
Total 
191. 8 1,120 642 15,655 6,786 1,467 15,670 
E oo A tu ss Susu ss 963 942 4,675 8,962 2,402 17,944 


1 Specialty oils include: Hydraulic, 28; insulating, 175; medicinal, 238; rust preventatives, 5; sand-frac, 200; 
spray oils, 343; and other, 4,666. 
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CRUDE PETROLEUM AND PETROLEUM PRODUCTS 923 
Table 60.—Crude petroleum: World production, by countries 
(Thousand 42-gallon barrels) 
Country 1968 1969 1970 » 
North America: 
66. ee ee 8 379,396 410,814 461,177 
Cüba 97.22 r 1,062 r 821 800 
E o iue cuis ¾ ͤů ͥ]! k A e EDU Dd 142,257 149,661 156,530 
Trinidad and Tobago. ........................-.--..- 66,904 57,418 51,047 
United States___ aaa 3,329,042 3,371,751 3,517,450 
South America: 
Ar ³¹w¹1A AAA r 125,492 130,086 143,428 
Ee ceti f e Aie e as oe ste 8 14,974 14,759 8,820 
J! ENCORE TION SERM j ] y 58,785 63,969 60,923 
Fl.. O OA r 13,696 13,350 12,432 
e a e e EE 63,435 76,776 19,594 
(r e y 1,815 1,567 1,444 
Peru A oe ee IA 8 r 27,056 26,330 26,272 
Venezuela: orar yd 1,319,340 1,311,832 1,353,420 
Europe: 
PE A A ð A O 7,573 8,767 9,995 
/ A A La i an bee So ee r 18,999 19,236 19,515 
Bulgaria u eh uy e a ege r 3,468 2,373 2,438 
Czechoslovakia______...._.-.-.-------_-------------- r 1,390 1,424 e 1,424 
FF Sera wer EE 88 r 19,528 18,207 16,825 
Germany, õõĩ?6 ³ y a 219 365 438 
Germany, d —50mĩm i S eee eees r 57,652 56,886 54,427 
, ß r 13,787 13,383 14,780 
Taly ARA ß ¼ . EE r 10,260 9,309 9, 575 
Netherlands... EE r 14,645 13,792 13,080 
OlANG A A v r 3,524 3,257 3,146 
A AA A r 101,059 101,067 102,067 
Opah EA AENA SII IE AN r 925 1,3 1,4 
ES hue ARS AN A A ON r2,272,153 2,412,899 2,594,550 
United Kingdom: 23503200 cuts ria 591 562 607 
elt cu A a assasi 18,473 19,991 21,140 
Africa: 
ͥ Ä Nel as es i AA r 330,922 345,436 371,767 
116k ³ Ku d ern CAN E 5,401 17,456 36,499 
Congo (Brazzavillei. oooocococccooccocococo- r 342 173 137 
CH EE 33,630 36,421 39,292 
OT RIED NEMPE OO ᷣͤ d y y y r 951,345 1,134,452 1,209,314 
Ä ²³o·—-. ³⁰ tn EEN 674 438 335 
NI A ⁰¹ 0 ³AA ĩÄ ĩ 8 r 51,907 197,204 395,836 
Tunis] SEENEN 24,539 27,942 94,296 
United Arab Republic !___._._..-.....-.----.--------- r62,208 89,601 119,165 
Asia: 
, . adco hue bau d a u i 21,598 27,774 27,973 
Fl ³ðĩ”¹i ] ͥ RADAR et d rte r 44,653 45,624 50,233 
JIPO EE 5,634 6,433 6,388 
China, mainland e__ 22:222 222-2 . L2 noo r 72,000 106,000 146,000 
I ͥͥ A A EG 43,552 51,726 52,596 
II ³ Ä 8 r 219,864 271,001 311,628 
j a T EE r 1,039,367 1,232,155 1,397,460 
PGG: A AI A AE ERE A ES r 548,705 555,241 69,726 
Israel 111111 I r 14,689 18,042 31,798 
SR A A A A r 5,490 5,53 5,656 
PJ ³ ↄ ⁵ 964,069 1,021,615 1,090,040 
Malaysia (Sarawak) scion ee aaa r 1,557 3,2 6,2 
Mongola e. uu ducens lulu ec cetacean awa 90 
"PT a IA AI igen . 87,854 119,710 121,210 
Pakistan. S s ce ⁵³⁵ Ä hon E n TS Ed 3,305 3,460 3,4 
J//öõö·Üſ4L4rSluñx᷑xĩoẽ³0%,%tr! ᷣ !:! ... r 124,266 129, 746 132,456 
Saudia Arabia :::: 1,113,717 1, 173, 896 1,387,266 
Syrian Arab Republic__........_...-.-..------------ r 9,955 16,771 29,356 
IJ 8 421 581 638 
1171(ööĩ;!?0lĩõĩê⁰ A 26 16 70 
Trucial States: 
r ͤ d 181,756 218,798 252,179 
Dubai 8 3, 800 31,321 
Turkey oso ⁵r˙—ĩ .u 8 22,235 25,774 24,776 
Oceania: 
Australia eee ee eee eee ee 13,877 15,805 65,149 
New Zealand 2 467 
Totale toilet. pt e OC ẽ ee r 14,093,150 15,214,038 16,689,617 
e Estimate. p Preliminary. r Revised. 


1 Estimates of Israeli production from Sinai peninsula oilfields included with Israel rather than with United 
Arab Republic. 

? Data for both Kuwait and Saudi Arabia include those countries' half share of production from the former 
Kuwait-Saudi Arabia Neutral Zone. 
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Phosphate Rock 


By Richard W. Lewis * 


The domestic phosphate rock industry 
continued to pare costs in 1970, by im- 
proving operational efficiencies. Some of 
the more costly operations were closed, and 
output was increased at the more efficient 
facilities. Most producers’ annual reports 
showed some financial improvement over 
that of 1969, and the outlook was optimis- 
tic. However, the financial gains resulted 
from the sales of phosphatic fertilizers and 
not from phosphate rock, which had the 
lowest average value per ton on record. In 
1970 domestic sales of phosphate rock for 
agricultural use recorded an 11-percent in- 
crease over that for 1969. However, cur- 
tailed use of phosphorus in detergents in 


1970 resulted in a substantial reduction in 
phosphate rock demand for industrial pur- 
poses. The producers in the Western 
States, reported an 8-percent decrease in 
rock sold or used for industrial use. 

Tennessee producers cut production by 3 
percent, but managed to sell or use essen- 
tially the same quantity as in 1969. 

Florida and North Carolina suffered a 
decline of 17 percent in industrial demand, 
but this was offset by an increase of 11 
percent for agricultural uses. In 1970 agri- 
cultural use represented 98 percent of the 
total domestic demand for Florida and 
North Carolina phosphate rock. 


Table 1.—Salient phosphate rock statistics 


(Thousand short tons and thousand dollars) 


United States: 
Mine productions 
Marketable production 


Average per ton 
Sold or used by producer 


Average per ton 

Imports for consumption 
Average per ton 

POND OPUS AAN eL eR leg E 
P205 content 


Average per toůo nn 
Consumption, apparent ? 
World: Production 


1969 


1966 1967 1968 1970 
112,960 128,973 148,336 121,712 125,514 
39,044 39, 770 41.251 37,725 38,739 
$261,092 $265,947 $250,692 $208,689 $203,218 
$6. $6.69 $6.08 $5. $5.25 
36,443 37,835 37,319 36,730 37,923 
$245,182 $251,163 $228,347 $204,409 $199,629 

$6. $6.64 $6.12 $5. $5. 
178 139 116 140 136 
$4,256 $3,261 $2,679 $3,554 $3,790 
$23.91 $23.46 $23.09 $25.42 $27.87 
9,248 10,072 12,099 11,336 10,895 
2,803 3,290 3,917 3,685 3,528 
$65,952 $69,479 $75,653 $62,288 $55,799 
$7.13 $6.90 $6.25 $5. $5.12 
27,373 27,902 25,336 25,534 -27,164 
83,194 85,914 92,577 90,063 93,858 


1 From table 6. 


2 Measured by sold or used plus imports minus exports. 


DOMESTIC PRODUCTION 


Phosphate rock producers, expecting a 
greater demand in 1970, increased their 
output of marketable rock 3 percent. How- 
ever, the value of production decreased 3 
percent from that of 1969, and averaged 
only $5.25 per ton. Production from Flor- 
ida and North Carolina accounted for 


nearly 81 percent of the total domestic 
output; the Western States, 11 percent; 
and Tennessee, including a small quantity 
from Alabama, 8 percent. 

Phosphate rock was produced in nine 
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States in 1970, and Florida continued to 
produce more than the combined output 
of the other eight States. Land-pebble 
phosphate rock was produced in Florida 
by Agrico Chemical Co. American Cy- 
anamid Co., Borden Chemical Division of 
Borden Inc, Cities Service Co, W. R. 
Grace & Co, International Minerals & 
Chemical Corp. (IMC), Mobil Chemical 
Co., Occidental Chemical Co., Swift Agri- 
cultural Chemicals Inc., and U.S.S. Agri- 
Chemicals. Soft phosphate rock was pro- 
duced in Florida by Howard Phosphate 
Co., Kellogg Co., Loncala Phosphate Co., 
Soil Builders, Inc., and Sun Phosphate Co. 
Other phosphate rock was produced in AL 
abama by Monsanto Co.; in California, by 
Cuyama Phosphate Corp.; in Idaho, by 
Monsanto Co. J. R. Simplot Co. and 
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Stauffer Chemical Co.; in Montana, by 
Cominco American, Inc.; in North Caro- 
lina, by “Texas Gulf Sulphur Co.; in Ten- 
nessee, by Hooker Chemical Corp., Mobil 
Chemical Co., Monsanto Co., Stauffer 
Chemical Co., Tennessee Valley Authority 

(TVA), and M. C. West, Inc; and in 
Utah and Wyoming, by Stauffer Chemical 
Co. 

American Cyanamid Co. increased the 
Capacity of its Chicora mine to 3.0 million 
tons per year, and later in the year, 
changed the name to the Haynsworth 
mine. The washer and flotation plants 
were enlarged to handle the increased 
mine production. 

CF Chemicals, Inc., at Bonnie, Fla. con- 
verted a triple superphosphate unit to a 
third diammonium phosphate (DAP) pro- 


Sold or used 


Exports „ 
— ee” 


1965 1970 


Figure 1.—Phosphate rock (sold or used), apparent consumption, and exports. 
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duction facility. The firm also constructed 
a fully automated 50,000-ton-capacity DAP 
warehouse. 

Continental Oil Co. began operating its 
new soluble silicofluorides plant in April, 
at South Pierce, Fla. The plant has an 
output capacity of 4,500 tons per year of 
magnesium, zinc, and ammonium silico- 
fluorides for use in the chemical detergent, 
glass, and building materials industries. 
The plant replaced two smaller, less 
efficient plants. 

Plans for a major expansion of phos- 
phoric acid facilities at Green Bay, Fla., 
were announced by Farmland Industries, 
Inc. The new facility will include two 
large sulfuric acid units and a Swenson 
phosphoric acid reactor. 

Mobil Oil Corp. had a new washer 
under construction near Nichols, Fla. The 
new operation will permit the firm to 
fully use its existing processing facilities 
and raise phosphate rock production ca- 
pacity from 3.2 million tons to 4.4 million 
tons per year. The company closed two 
economically marginal phosphorus fur- 
naces, one at Mt. Pleasant, Tenn., and the 
other at Charleston, S.C. Sharply rising 
costs for electrical power and other raw 
materials were stated as the causes for the 
closure. | 

Monsanto :Co. continued to be the lead- 
ing producer of elemental phosphorus. A 
multimillion dollar phosphoric acid unit 
under construction in St. Louis, Mo., was 
near completion. This was to be a replace- 
ment for an obsolete unit at the same lo- 
cation. According to Monsanto's annual re- 
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3-year capital expenditure program to 
combat pollution at its U.S. plants was un- 
dertaken. During 1970, $12 million went 
into capital expenditures for pollution con- 
trol, and a similar amount was spent in 
the operation of already installed antipol- 
lution equipment. 

Occidental Chemical Co. (Oxychem) , to- 
gether with The Garrett Research and De- 
velopment Co., both subsidiaries of 


Occidental Petroleum Corp., continued de- 


velopment work on a process for the dis- 
posal of slimes after additional phosphate 
recovery. Garrett was developing a process 
for recovering anhydrous hydrofluoric acid 
from the fluorine waste from Oxychem’s 
north Florida phosphate operations. In 
November Oxychem completed a new facil- 
ity for producing defluorinated phosphate 
feed supplements. The plant at White 
Springs, Fla., has an annual capacity of 
100,000 tons and replaces a 25,000-ton de- 
fluorination plant in Houston, Tex., which 
was closed in January. 

Olin Corp.’s new multimillion dollar de- 
fluorination plant in Pasadena, Tex., 
started production. The plant uses an 
Olin-developed process and has an annual 
capacity of over 75,000 tons. The total out- 
put will be used as an additive in the 
manufacture of animal and poultry feed. 

Stauffer Chemical Co. shut down two of 
five electric furnaces at its elemental phos- 
phorus plant at Mt. Pleasant, Tenn. The 
closure reduces the production capacity of 
the plant by about 30 percent. Stauffer in- 
creased production at its surface mine at 
Leefe, Wyo. 


port, the initial phase of a $55 million, Swift Agricultural Chemicals Inc. ac- 


Table 2.—Production of phosphate rock in the United States, by States 
(Thousand short tons and thousand dollars) 


Mine production 
TS Mine production used directly Washer production Marketable production 
tate — — — JSC : 
Rock P+O; Rock P205 Rock P205 Rock P305 Value 
content content content content 
1969 
Florida 1 111,178 15,711 92 28 29,838 9,575 29,930 9,603 $160,777 
Tennessee 2 5, 648 1, 080 533 128 2, 741 730 3,274 858 18,888 
Western States 3. 4,886 1,253 3,539 905 982 318 4,521 1,223 29,024 
Total.... 121,712 18,044 4,164 1,061 33,561 10,623 37,725 11,684 208,689 
1970 
Florida 11 114,923 16, 233 28 6 31, 250 9,966 31,278 9,972 158, 972 
Tennessee: 5, 565 1,126 182 42 2,981 812 3,163 854 15,457 
Western States 3. 5, 026 1,275 3,282 849 1,015 323 4,297 1,172 28,789 
Total 4. 125,514 18,634 3,492 896 35,247 11,101 38,739 11,998 203, 218 


1 Includes North Carolina. 

2 Includes Alabama. 

3 Includes California, Idaho, Montana, Utah, and Wyoming. 

4 Data may not add to totals shown because of independent rounding. 
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quired a major portion of the assets of the 
Agricultural Chemicals Division of Mobil 
Oil Corp. The marketing and administra- 
tive organizations of the two companies 
were integrated to open new sales territo- 
ries in the Northeast and west Texas. 

Texas Gulf Sulphur Co. (TGS) com- 


bined its potash and phosphate operations 
to form an Agricultural Division, which is 
headquartered in Raleigh, N.C. Superphos- 
phoric acid production at the TGS Lee 
Creek mine in North Carolina was ex- 
panded upon the completion of a new 
plant. 


CONSUMPTION AND USES 


Apparent consumption of phosphate 
rock was 6 percent greater in 1970, acceler- 
ating the upward trend that started in 
1969, after the exceptionally low demand 
in 1968. 

The quantity of phosphate rock sold or 
used by producers in the United States for 
the production of phosphoric acid (wet 
process) increased 22 percent; for ordinary 
superphosphate the increase was 18 per- 
cent. However, the quantities of marketa- 
ble rock used in the production of elemen- 
tal phosphorus, triple superphosphate, and 
for direct application to the soil decreased 
4 percent, 21 percent, and 27 percent, re- 


spectively. The decline in the use of phos- 
phate rock for electric-furnace elemental 
phosphorus was believed to be due to de- 
creasing demands for phosphorus deter- 
gents and increasing power costs. Cutbacks 
in triple superphosphate production were 
attributed to the large stock inventories 
held over from 1968 and 1969, the years 
when the demand for fertilizers was de- 
pressed. 

The total quantity of phosphate rock 
(P,O, content) sold or used by producers 
for agricultural uses increased 10 percent, 
but a 4-percent decline was reported for 
industrial uses. 


Table 3.—Florida phosphate rock sold or used by producers, by kinds 


(Thousand short tons and thousand dollars) 


Value Value 
Year Rock Paie Rock P90 5 | TV 
content Total Average content Total Average 
per ton per ton 
. Hard rock Soft rock 
198960 8E 49 17 $437 $8.92 45 9 $293 $6.51 
1901 222-02 dt a ee, Wales 36 7 266 r 7.39 
Jö a as. 8 30 6 224 7.47 
1d AAA ³ꝛ 5 Da 88 30 6 221 r 7.37 
J ⁰· ). EASA uma Ds ss 24 5 168 7.00 
Land pebble Total ! 
19662______. al 28,043 9,077 $184,075 $6.56 28,137 9,103 $184,805 $6.57 
19673 AAA 29,796 9,646 193,283 6.49 29,832 9,654 198,548 6.49 
1968 22 29, 571 9,504 173,190 5. 86 29,601 9,510 178,413 5.86 
1969 22 28, 835 9,307 155,197 5.38 28, 865 9,313 155,418 5.38 
19700 8 30, 268 9,713 153,471 5.07 30,292 9,717 153,639 5.07 
r Revised. 


1 Data may not add to totals shown because of independent rounding. 


2 Includes North Carolina. 


Table 4.—Tennessee 


phosphate rock sold or 


used by producers 


(Thousand short tons and thousand dollars) 


Year Rock 
1966 3, 076 
1967. 3,032 
1968 3,065 
19691. ... 3,193 
1970 1. 3,184 


1 Includes Alabama. 


Value 
P20; 


content Total Average 


per ton 


799 $23,497 $7.64 
808 22,494 7.42 
807 23,646 7.71 
851 18,192 5.70 
864 15,606 4.90 
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Table 5.—Phosphate rock sold or used by producers in the United States, 
by grades and States 


(Thousand short tons) 


Florida 2 Tennessee 3 Western States Total 4 
Year and grade United States 
B. P. L. content  ——_—_——_—_—_——_ .(k(ayqꝑ O —mnno—ÑsOIOW;Y K> n k n V AO —F T"n— —— 
(percent) Rock P20; Rock Paie Rock Paie Rock Paie 
content content content content 
1969 
Below 60. 48 11 2,261 582 2,856 697 5,165 1,291 
60 to 66......... 1,570 472 880 253 261 75 2,710 
66 to 70 11,827 3,694 44 14 572 176 12,443 3,884 
TO to 72 1,822 590 8 8 799 256 2,629 848 
72 to 74. 8,101 2,682 _........ sio 184 62 8,285 2,744 
Plus 74. 5,497 /r a EES 5,497 1,864 
Total*.... 28,865 9,313 3,193 851 4,672 1,266 36,730 11,431 
1970 
Below 600. 38 8 1,828 464 2,865 719 4,731 1,192 
60 to 6 1,735 497 1,240 365 31 69 3,206 
66 to 700 12,442 8,861 114 35 418 131 12,974 4,027 
70 to 722 3,155 1,016 2 1 933 297 4,090 1.313 
72 to 74. 8,377 j))! ³¹ 0A y uud rer 8,377 2,781 
Plus 74. 4,544 e MEN 4,544 1,554 
Total 4. 30,292 9,717 3,184 864 4,447 1,217 37,923 11,798 


1 Bone phosphate of lime, Ca; (PO4)». 

2 Includes North Carolina. 

3 Includes Alabama. 

4 Data may not add to totals shown because of independent rounding. 


Table 6.—Phosphate rock sold or used by producers, by uses and States 
(Thousand short tons) 


Florida 1 Tennessee ? Western States Total 
United States 3 
Use — — — — —— —˙ꝰ—¹—ö— —————— 
Rock P205 Rock P20; Rock Paie Rock Paie 
content content content content 
1969 
Domestic: 
Agricultural! 17,501 0.029. / 1,039 328 18,540 5,958 
Industrial. .......... 553 166 3,193 851 3,107 772 6, 853 1,789 
Totaal 18,054 5, 795 3,193 851 4,146 1,100 25,393 7,747 
Exports 10, 811 2,5919. sgadan i. ¿u us 525 166 11,336 3,685 
Total z 28,865 9,313 3,193 851 4,672 1,266 36,730 11,431 
1970 
Domestic: 
Agricultural. 19,511 6,232 30 9 1,021 318 20,562 6,559 
Industrial... ........ 461 138 3,153 855 2,851 719 6,465 1,712 
Total?............ 19,972 6,370 9,184 864 3,871 1,036 27,027 8,270 
Exports 10,319 Su GEES 576 180 10,895 3,528 
Total 9 30,292 9,717 3,134 864 4,447 1,217 37,923 11,798 


1 Includes North Carolina. 
2 Includes Alabama. 
3 Data may not add to totals shown because of independent rounding. 
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Table 7.—Phosphate rock sold or used by producers in the United States, by uses 


(Thousand short tons and thousand dollars) 


1969 1970 
Use 
Rock P205 Value Rock P20; Value 
content content 
Domestic: 
Phosphoric acid (wet process) --._ 9,839 3,113 353,081 11,992 3,772 363,151 
Electric furnace phosphorus. sss 6,758 1,759 39,794 6,456 1,709 34,097 
Triple superphosphate. `. 3,934 1,289 21,970 43,090 995 17,515 
Ordinary superphosphate. ..................- 3,524 1,150 18,799 4,154 1,866 20,877 
Direct application to the sol -------------- 157 44 848 114 30 596 
Nitraphosphatek 
Stock and poultry fee 
Fertilizer fille rn 1,181 392 7,630 1,222 399 7,595 
Other fertilizers. |... 2. 2222 222 2.2. 
Other uses 
[o som cou k D 25,393 7,747 142,122 27,028 8,271 143,831 
¡A AA mt ELLE 11,336 3,685 62,288 10,895 . 3,528 55,799 
Grand total ` .. 22.222 2c LLL lll co. 36,730 11,431 204,409 37,923 11,798 199,629 


! Data may not add to totals shown because of independent rounding. 


STOCKS 


Yearend stocks of marketable phosphate 
rock as reported by producers showed an 
increase of 6 percent over that of 1969. Be- 


cause of numerous inventory adjustments, 
however, data are not comparable with 
those of 1969. 


Table 8.—Producer stocks of marketable phosphate rock, December 31 
(Thousand short tons) 


1969 1970 
Source 
Rock P20; Rock P20; 

content content 

A A AI A y y 11,626 3,653 12,995 4,071 
PHI... A 8 218 49 210 43 
Western States 1,858 574 1,861 352 
[o AAN A A AA 13,697 4,276 14,566 4,466 


1 Includes North Carolina. 
2 Includes Alabama. 


PRICES 


Prices for various grades of Florida 
land-pebble phosphate rock as quoted by 
the Oil, Paint and Drug Reporter are 
shown in table 9. There were no changes 
from those quoted for 1969. There were no 
published prices for marketable rock pro- 
duced in the other States because their 
production is not generally marketed, but 
is used captively by the producers. 


continued during the year and the average 
value reported by producers dropped to a 
record low of $5.07 per ton. 


Table 9.—Prices of Florida land-pebble, 
unground, washed and dried phosphate 
rock, in bulk, carlots, at mine, in 1970 


- (Per short ton) 


Actual prices of Florida and North Caro- Grade, percent B.P.L.! Price 
lina phosphate rock are not quoted be- 66 to os osos S $6 50 
cause they are usually agreed upon 70 t 72. 8.16 
through direct negotiation between buyer 74 to TB 9.20 

6j ĩᷣͤ y v a a Sa Sas s 10.20 


and seller. The published prices are used 
as à basis for negotiation; the final selling 
price is generally somewhat lower. Price 
cutting and special discounts on contracts 


1 1.0 percent B. P. L. (bone phosphate of lime also 
pown as tricalcium phosphate) = 0.458 percent 
2U 5. 


Source: Oil, Paint and Drug Reporter. 
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FOREIGN TRADE 


According to the Bureau of Census, the 
total quantity of phosphate rock exported 
increased 3 percent over that of 1969. This 
quantity was 843,000 tons more than that 
reported by the producers. T'his would in- 
dicate considerable foreign trade activity 
by other than producers. The average ex- 
port value per ton for Florida phosphate 
rock dropped to a new low of $5.12 f.o.b. 
plant, more than 6 percent less than in 
1969. Japan, Canada, West Germany, and 
Italy were the major importers of U.S. 
phosphate rock. 

In addition to the exports of marketable 


phosphate rock (table 10) and superphos- 
phates (table 11), the United States also 
exported ammonium phosphates, reported 
in table 5 of the Nitrogen chapter, and 
mixed fertilizers containing phosphates. 
Data on the latter are not available. 
Phosphate rock imported chiefly for use 
as animal feed supplement came from the 
Netherlands Antilles, 73 percent; Mexico, 
23 percent; and Canada, 4 percent. Mexico 
began shipping triple superphosphate to 
Gulf Coast ports in an effort to tap the 
U.S. market. Fertilizantes Fosfatados Mexi- 
canos, S.A. (FFM) purchases Florida phos- 


Table 10.—U.S. exports of phosphate rock, by grades and countries 


(Thousand short tons and thousand dollars) 


Grade and destination 


Florida phosphate rock: 


Ar ³ðVNßiĩ ĩ 
AUSLFIS RS ⅛ͤ.ͤy; y K 


e . EN 


United Kingdom. __... 2... ccc cL cL llli 
Urügüa y- oce tak e . o at ma 


Yugoslavia 


Other phosphate rock: ! 
Afghanistan 


%%% ] A ͤ . NU. 


Belgium-Luxembourrn gg 
77 ⁰Ü˙uAmm. ys ß e 


1969 1970 

Quantity Value Quantity Value 
HOMES 112 $1,011 wees ` Äere 
ENT 139 974 81 $579 
Sa ert 414 3,116 396 2,516 
RENA 259 2,312 464 3,933 
. 1,713 13,967 1,674 12,474 
NOSE 44 339 
TRE 20 120 41 263 
5 13 83 15 92 
. 312 2, 174 376 2, 518 
. 1.189 8,005 1,430 9,060 
M cum. 307 2,254 494 3,212 
la 1,359 9,305 1,407 9,840 
are 2,048 17,259 2,083 17,696 
3 604 4,131 537 3,707 
MN 766 5,010 794 4,603 
cR 319 2,097 507 3,428 
PRENNE EE 16 161 13 95 
NES 17 194 ule U ZL pu use 
BEE 8 55 9 74 
DNE 183 1,280 113 744 
. 345 2, 567 133 950 
N 78 524 132 1,029 
3 119 1,151 34 321 
EE 11 99 26 262 
eee Shes 8 22 982 
3 49 358 98 763 
MUR 10,407 78,189 10,923 79,480 
"T 5 . A 
. 2) 20 1 56 
— n (2) 22 (2) 2 
53535 726 6,301 563 7,646 
sad (2) 11 1 6 
T 18 1 27 
—— M (2) 6 (2) T 
MI 46 385 33 261 
SE 6 553 1 440 
se 2 20 6 81 
THE 56 439 108 843 
— es 21 167 4 27 
A 89 711 89 641 
us. laa da 3 180 
3 11 218 5 113 
. 962 9,229 815 10,418 
r 11,369 87,418 11,738 89,898 


! Includes colloidal matrix, sintered matrix, soft phosphate rock, and Tennessee, Idaho, and Montana rock. 


2 Less than l4 unit. 
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phate rock and converts it into triple su- 
perphosphate using Mexican sulfur. Most 
of the production is for export. FFM has 
an advantage of backhaul transportation 
cost to the United States because the same 
vessels that carry phosphate rock from 
Florida to its plant at Coatzacoalcos, Vera- 
cruz, take triple superphosphate to New 
Orleans. 
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There was an 87-percent increase in 
quantity of ammonium phosphate im- 
ported for fertilizer use. All imported am- 
monium phosphate came from Canada. 

The quantity of dicalcium phosphate 
imported in 1970 was more than double 
that in 1969; 91 percent of the total came 
from Belgium-Luxembourg. 


Table 11.—U.S. exports of superphosphates (acid phosphates), by countries 


(Thousand short tons and thousand dollars) 


Destination 


Beleium-Luzembourg 
e EE A AI SEET 


Dominican Republic. -__._-..--------------------- 


Ecuador 


Nansei and Nanpo Islands 
Neher... ictus 


Poland and Danzig 
%§éêé¹%ãę A AAA 


28 ——— —— — — — 2 — — — — —E—ä—ͥ—ͤ——b ow op 


Vietnam, South 
Yugoslavia... ee 
OUNCE A ». hk y y 


1 Less than 1⁄4 unit. 


DCS. — —— ————— . - 2 2 = 
Germany, West `- ---.-------------------------- 
Hong t ð dd w 8 
err 8 


1969 1970 
Quantity Value Quantity Value 

3 6 $260 15 $664 
5 5 179 (1) 

EE 11 350 21 748 
5 138 5,917 192 6,993 
„ 50 2, 706 90 4,177 
E ALA 127 4,270 132 4,313 
Ee 48 1,796 31 1,198 
ee 5 226 5 176 
EEN 7 271 5 189 
PNE 4 258 4 183 
EIN nit 38 1,385 23 676 
a S rada 20 2 93 
J2%%;ͤTͤ . 8 2 115 
5 33 1,397 1 55 
Kx EP": 12 414 
3 20 729 13 427 
. 4 98 5 267 
a 80 1,148 50 1,549 
ls 2 A 
o 18 823 (1) 

APA 1 101 12 100 
HEN 1 SG. euro 8 
5 91 3,871 18 652 
A 6 328 1 20 
5 20 899 39 1,838 
EE 24 866 52 1,674 
8 11 516 3 158 
e 29 IT/ / Dimas 
de 34 ¡E AAA ua es 
5 35 j ˙ X 
ma fest 3 108 
J A ` eer 24 1,156 
5 11 Ü ĩ˙¹ N 8 
. 15 578 19 701 
TM ROTEN 847 33,922 774 28,645 


Table 12.—U.S. imports for consumption of phosphate rock and phosphatic fertilizers 


(Thousand short tons and thousand dollars) 


1969 1970 
Fertilizer 
Quantity Value Quantity Value 

Phosphates, crude and apatite -2-222-222-2222 140 $3 , 554 136 $3 , 790 
Phosphatic fertilizers and fertilizer materials... 83 3,976 110 5,679 
Ammonium phosphates, used as fertilizers.. -_------------- 245 16,625 457 25,086 
Bone ash, bone dust, bone meal and bones ground, crude, or 

steamed____ ee 4 298 7 451 
Manures, including guano_________________________________ 22222222 22222222 (1) 
BASICAS ada ³ð Ä ĩð— m 88 (1) Wo. esos (nació 
Dicalcium phosphate. ------------------------------------- 14 605 33 1,534 


t Less than 14 unit. 
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WORLD REVIEW 


The addition of new phosphoric acid 
production facilities throughout the world 
in 1968-70 was detailed in a two-part arti- 
cle published in 1970. The first part 2 
dealt with increased capacity in Europe 
and the Americas; the second part3 dealt 
with expansion in the rest of the world. 

World phosphoric acid production capac- 
ity, in terms of P205 content, totaled 
12,957,000 tons. During 1968-69, 42 new 


plants came on stream and the productive 
capacity of 38 established plants was in- 
creased. An additional 15 new plants were 
scheduled to come on stream in 1970. 


2 Journal of World Phosphorus and Potassium. 
New Phosphoric Acid Capacity. No. 45, January- 
February 1970, pp. 11-14. 

3 Journal of World Phosphorus and Potassium. 
New Phosphoric Acid Capacity. No. 47, May-June 
1970, pp. 18-19. 


Table 13.—Phosphate rock: World production, by countries 
(Thousand short tons) 


Country ! 1968 1969 1970 p 
North America: 
United States cs ð ẽͤ ͤ d 41,251 37,725 38,739 
MEXICO. a a oe ewes e 29 36 52 
Netherlands Antilles ii 103 125 120 
South America: 
Argentina (guano)----------------2-2222222222------------------- (3) 1 NA 
Brazil: 
Apate- sm la al Li es ele te m E 159 e 165 e 165 
Phosphate TOGk. eene ͥ⁰⁰yd ⁰⁰⁰ e3 e3 
Chile: (GUANO cua ³⁰ðw¹wiAꝛ¹—q . ta a DD el ee TUSCE r 25 19 e 19 
Colombia... o ↄ y ⁰⁰yßs ua E Rss E 13 e 17 
Fü y E eh i E ia r 85 e 22 e 20 
NAAA ³·¹¹ le tL he es ean rey A. e 66 e 66 34 
Europe: 
France (phosphatic chalki )))) ) 26 34 e 34 
ff ñ ñ drt e E anton d aE 105 110 110 
U.S.S.R.: 
Apatite (marketable concentrate, 39 percent Pz:Os)))))j)ꝛ r 10,700 11,600 12,000 
xS Sedimentary rock (marketable concentrate, 19 to 25 percent PꝛOs) 78,800 9,650 10,470 
rica: 
Alpera A e AAA ⁵³² 2A G id r 404 463 e 630 
1777. ]7]᷑;ẽ1 ũÄ äꝗf Ar ⁊ñß—-ß vy gh LAS ecu a 11,587 11,753 12,565 
Senegal: 
Aluminum phosphate. -`--o r 177 181 144 
Calcium phosphate. `, r 1,224 1,141 1,100 
Seychelles Islands (guano) ui 12 e 12 
South Africa, Republic oꝶ[f tl r1,725 1,851 1,857 
JJ A n Zen O y RO AO AS 1,515 1,624 1,662 
DUI ¹˙•ͥͥ ] ũ ũ;dt. ͥꝙáe 0m; A aot EE 3, 796 2, 960 3, 325 
Uganda (apatite) -cousa ]%oð?sü. T ur a 157 e 160 241 
ge United Arab Rpuhpbllte ia dee 1,588 728 e 770 
ia: 
China, mainland e ocn 1,100 1,200 1,300 
5 Island (Indian Ocean) ?.__.__._.___.-__---------------- 1,247 1,297 e 1,300 
ndia: 
ADAMO 121 ß . e A etd 7 10 17 
ee, . A 76 165 
JCCJCCCͤõĩõ¹é.yyy y ETHER yd k usya SS area taa, 856 1,088 1,102 
Ao EE r 1,281 1,198 1,323 
Korea, North (apatite) o ooo r 330 330 330 
Turkey A eebe d ĩͤ Ee 2 ÓN 28 
Vietnam, North: 
ee, ß . a 1. 100 1,300 1,100 
Phosphate LOCK a ood ad aes 55 55 55 
Oceania: 
Australia A ud it dea ii use 6 20 e 22 
Nauru Island 2222 2,485 2, 423 e 2,425 
Ocean Island 22 582 622 e 630 
A hero) A EE r 92,577 90,063 93,858 


e Estimate. p Preliminary. r Revised. 


NA Not available. 


1 In addition to the countries listed, Belgium, Cambodia, Indonesia, Southern Rhodesia, and Tanzania pro- 
duce phosphate rock, and the Philippines and South-West Africa produce guano, but information is inadequate 


to make estimates of output levels. 
2 Exports. 
3 Less than 2% unit. 
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Angola.—The Companhia dos Fosfatos 


de Angola, S.A.R.L. (COFAN) confirmed 
the existence of high-quality phosphate de- 
posits in commercial quantities. Reserves at 
the firm' Cabinda concession have been 
estimated at 15 million tons. Before the 
deposits can be developed, however, an 
economic method of transportation must 
be found. Cabinda has no deep water har- 
hors and the Continental Shelf is shallow 
and wide. 

Australia.—A press release on November 
19, 1970 announced that a new fertilizer 
company, Consolidated Fertilizer Ltd., had 
been formed and registered in Brisbane. 
The new firm is jointly owned by Imperial 
Chemical Industries of Australia and New 
Zealand, Ltd. (ICIANZ), The Dow Chemi- 
cal Co., and Swift and Co. and was formed 
to be a vehicle for the proposed merger of 
these three companies’ investments in the 
fertilizer industry.4 

Broken Hill South Ltd. confirmed the 
existence of substantial phosphate rock at 
four new sites in Northwest Queensland.5 
Samples of previously discovered deposits 
were obtained for beneficiation testing at a 
pilot plant at the Australian Mineral De- 
velopment Laboratories. 

Colombia.—A new plant to process about 
9.6 million tons of phosphate rock per 
year was scheduled to go on stream in 
mid-1971. Located at Turmeque in the De- 
partment of Boyacá, the plant is a project 
of the Institute of Industrial Development. 
The experience gained there will aid the 
Institute with similar projects at four 
other locations. 


Hungary.—A contract was awarded to 
Wellman-Lord, Inc. to construct a large 
nitrophosphate fertilizer plant in Hungary. 
The plant is reported to be the largest of 
its kind in the world and the first in East- 
ern Europe to use the Norsk-Hydro nitro- 
phosphate process. 

India.—Production of phosphate rock 
continued to accelerate, but the output 
was still well below engineering capacity. 
Imports of P.O, fertilizers reached a peak 
in 1967-68 and have declined since Indian 
production began to supply a larger share 
of the home market. Large-scale mining 
and production operations have been pro- 
posed that could raise annual production 
of phosphate rock considerably in the next 
few years. If long-range goals for the utili- 
zation of phosphatic fertilizer are realized, 
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increased production and imports will be 
necessary to meet the additional require- 
ments. 

A new plant for the production of com- 
plex fertilizers was under construction at 
Manali.s The facility, owned by Madras 
Fertilizers, Ltd., was designed to produce 
634,000 tons of complex fertilizers from im- 
ported raw materials. 

Japan.—Nippon Chemical Industrial 
Company was negotiating a long-term sup- 
ply contract with Albright and Wilson, 
Ltd., a British chemical group, for bulk 
phosphorus. The phosphorus would be 
shipped from Long Harbour, Newfound- 
land, to Japan in special phosphorus bulk 
carrier ships. Albright and Wilson owns 
two such ships, each capable of carrying 
5,000 tons of molten phosphorus.7 

Mexico.—The Government-owned Guanos 
y Fertilizantes de Mexico, S.A. (Guanomex). 
absorbed two smaller fertilizer companies, 
Montrose Mexicana and Lerma Industrial, 
S.A., and thus strengthened its domination 
of the domestic market. Guanomex, in an 
agreement with the Government of Guate- 
mala, will build a fertilizer plant at San 
Marios, on the Mexican border. About half 
the output of this plant will be exported 
to southern Mexico. 

Fertilizantes Fosfatados Mexicanos, S.A. 
(FFM) continued developing export mar- 
kets for its production of phosphoric acid 
and granulated triple superphosphate. 
Contracts were reported to have been 
signed with firms in Australia, India, Ecua- 
dor, and Chile. Storage tank terminals for 
phosphoric acid were being designed for 
installation at Santos, Brazil, and Rijeka, 
Yugoslavia. Late in 1969, FFM signed a 
contract to deliver an undisclosed quantity 
of each of its products to Guanomex. 

Morocco.—The phosphate industry in 
Morocco continued to suffer from high 
production costs and increasing competi- 
tion from major world producers. To be- 
come more competitive, the Office Chéri- 
fien des Phosphates (OCP) invested 
heavily in new equipment and conducted 
studies of current processing operations to 


4 U.S. Embassy, Melbourne, Australia. State De- 


partment Airgram A-134, Nov. 27, 1970, pp. 1-4. 

5 Phosphorus 8 Potassium (London). New Plants 
and Projects. No. 47, May-June 1970, p. 14. 

$ Phosphorus & Potassium (London). Madras 
Fertilizers’ Manali Complex. No. 48, July-August 
1970, pp. 15-16. ! 

7 Oil, Paint and Drug Reporter. Phosphorus for 
Japan Arranged in A & W Pact. V. 197, No. 15, 
Apr. 13, 1970, pp. 3, 30. 
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resolve major technical problems. In spite 
of the competion, phosphate exports rose 
substantially. 

The development of the phosphate re- 
sources at Ben Guerir reportedly was aban- 
doned, and instead, OCP planned to con- 
centrate on Grand Daoui, a newly 
developed mining operation within the 
Khouribga zone of deposits. West German 
credits (amounting to about $12 million) 
will be used to finance the project. 

Nauru.—On June 30, 1970, the British 
Phosphate Commissioners (BPC) formally 
transferred its phosphate operations on 
Nauru to the Nauru Phosphate Corp. BPC 
will continue to sell most of the phos- 
phate. Nauru has exported nearly all of its 
production to Australia and New Zealand, 
but has sold some to Japan, and it is 
hopeful of gaining a share of the large 
Japanese market. 

Senegal.—Compagnie Sénégalaise des 
Phosphates de Taiba completed important 
modifications of its calcium phosphate pro- 
duction facilities near Thiés and added 
new equipment. Production capacity was 
raised to about 1.5 million short tons per 
year. An article describing the Taiba phos- 
phate mine and beneficiation operation 
was published.8 

Spanish Sahara.—Construction of a 
phosphate preparation plant to treat the 
production from the deposit at Bu-Craa 
should be completed in 1971. The plant 
initially will treat 5 million tons per year 
of phosphate rock containing about 65 per- 
cent tricalcium phosphate to produce 
about 3.3 million tons of concentrate con- 
taining 75 to 80 percent tricalcium phos- 
phate. Expansion plans for the future call 
for an annual production. of 10 million 
tons of concentrate. The concentrate will 
be transported to the Atlantic port of El 
Aiún by a conveyor belt system, the long- 
est of its kind in the world. A pier built 
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to accommodate deep draft cargo vessels of 
100,000 deadweight tons has been com- 
pleted. Fosfatos du Bu Craa, S.A., of Ma- 
drid has been formed to operate the 
venture.? 

Tunisia.—A major expansion program 
for the phosphate rock industry in Tunisia 
envisions àn increase in mining capacity to 
5 million tons in 1972 and to 8 million 
tons in 1976.10 The program calls for 
three new mines, a new phosphoric acid 
and fertilizer complex, and major new fa- 
cilities at Gabes for shipping rock and de- 
rived products. Reserves of phosphate rock 
in Tunisia exceed 1.2 billion tons, approxi- 
mately one-third of which is minable. 


Turkey.—Geologists of the Turkish 
Mineral Research and Prospection Institute 
reported the discovery of a large high- 
grade phosphate deposit at Yayladag, near 
Antakya. 


United Arab Republic (U.A.R.).—An 
agreement between the United Arab Re- 
public and the Soviet Union for the con- 
struction of a phosphate plant at Kena, 
using loans from the U.S.S.R., was ratified 
in August. Production is scheduled to 
begin by 1973. When in full operation, ca- 
pacity will be 120,000 tons per year, half 
of which will be exported to the U.S.S.R. 
to repay the loans. 


Exploration of phosphate rock deposits 
in the Abu Tartour Mountains and be- 
tween Kharga and Dukhla is continuing. 


According to reports, under construction 
was an elemental phosphorus plant that 
will use electric power from the new 
Aswan Dam of Upper Egypt. The plant is 
being built with Soviet aid and will have 
Soviet furnaces and other equipment. It is 
expected that over 50 percent of the phos- 
phorus output will be shipped to Soviet 
Black Sea ports in repayment for the 
financing.11 


TECHNOLOGY 


Beneficiation techniques used to process 
Florida phosphate rock were described in 
an article which noted that :lthough the 
basic flowsheet has remained nearly un- 
changed for the past 2 decades, there have 
been many refinements of the process in re- 
cent years.12 The principal changes have 
been an increase in the size of plants and 
equipment, the use of cyclones to facilitate 


8 Phosphorus & Potassium (London). The Taiba 


Phosphate Rock Mine. No. 47, September-October 
1970, pp. 26-30. 

9 Mining Journal. Spanish Sahara Project. V. 
276, No. 7064, Jan. 8, 1971, p. 23. 

10 Phosphorus & Potassium (London). Major Ex- 
pansion Planned by Tunisian Phosphate Industry. 
No. 46, March-April 1970, pp. 23-25. 

11 European Chemical News. U.S.S.R. Aids 
U.A.R. Phosphate Project. V. 18, No. 456, Oct. 
30, 1970, , P. 14. 

12 Aparo, S. J. Improving "Techniques Get More 
Out o “Florida Phosphate. Min. Eng. v. 22, No. 5, 
May 1970, pp. 76-77 
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the removal of slimes, improvement of flo- 
tation reagents, and innovations to the flo- 
tation of coarse phosphate. 

A process to produce totally water-solu- 
ble P205 from phosphate rock, using only 
nitric acid for digestion, was described.13 
The process successfully uses solvent ex- 
traction to remove calcium present in the 
form of calcium nitrate, and produces P505 
in the form of pure crystalline monoam- 
monium phosphate, instead of phosphoric 
acid. . 

Hot briquetting of phosphate ore for use 
as furnace feed in the production of ele- 
mental phosphorus and phosphoric acid 
was described in an article that detailed 
the various methods used and the compar- 
ative costs involved.14 f 

A new method for production of phos- 
phoric acid for the food industries was in- 
troduced by "Toyo Soda Manufacturing Co., 
Ltd., Tokyo, Japan.15 The new process 
employs a unique extraction technology 
that is flexible enough to economically 
produce either food-grade or technical- 
grade phosphoric acid. 

Modifications of the wet process for 
manufacturing phosphoric acid by Japa- 
nese manufacturers were detailed.16 Two 
of the modifications outlined resulted in a 
higher phosphoric acid yield and a higher 
quality gypsum byproduct. 

A process was developed by The Garrett 
Research and Development Co., subsidiary 
of Occidental Petroleum Corp., Los Ange- 
les, Calif., to reduce problems encountered 
in producing superphosphoric acid.17 The 
process reportedly produces a high-quality 
superphosphoric acid with a 55- to 
59-percent conversion (the ratio of poly- 
phosphoric acids to the total P205 content) 
at 71 to 74 percent P205. A submerged 
combustion dip-tube arrangement (U.S. 
Patent 3,276,443) and a scrubbing train 
(U.S. Patent 3,276,510) are two significant 
units in the design that distinguishes the 
system from others. 

The wet process incorporating an iso- 
thermal reactor for the production of phos- 
phoric acid was described.18 The addition 
of the reactor was designed to reduce capi- 
tal and operational costs, permit the use of 
coarser rock grinds, improve P205 recovery 
efficiency, and produce more uniform gyp- 
sum crystals. ! 

Another article described the use of a 
special reactor unit in the wet-process for 
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the manufacture of phosphoric acid which 
promised to lower capital, operating, and 
maintenance costs.19 This process, called 
the Kellogg-Lopker process, is supposed to 
reduce rock grinding requirements, scaling, 
and sludge buildup and to increase the 
rate of filtration. 


Swift Agricultural Chemicals Inc. of Chi- 
cago developed a process for the produc- 
tion of monoammonium phosphate that 
was said to reduce both investment and. 
operating costs.20 

The Bureau of Mines Tuscaloosa Metal- 
lurgy Research Laboratory continued re- 
search on developing a beneficiation proc- 
ess for the economic recovery of phosphate 
values from Florida pebble containing 
excessive silica and dolomite. Flotation 
concentrates, containing 32 to 33 percent 
P205 were obtained with about 80-percent 
phosphate recovery. Additional study is re- 
quired to improve the method and to re- 
cover more of the fine phosphate lost 
when the pebble (plus 14 mesh) is ground 
to 28 to 35 mesh for flotation. Research to 
develop new or to improve current benefi- 
ciation methods for recovering phosphate 
concentrates from low-grade siliceous and 
calcareous Tennessee phosphates was con- 
tinued. The Laboratory scientists were also 
studying possibilities of improving the dis- 
posal of Florida phosphate slimes. 

The Albany Metallurgy Research Center 
of the Bureau of Mines directed research 
toward improving the flotation of carbon- 
ate gangue from unaltered phosphate rock. 
Liberation of the phosphate was the major 
problem encountered in the treatment. 


13 Phosphorus & Potassium (London). Produc- 
tion of Water-Soluble P:Os by Nitric Acid Attack. 
No. 46, March-April 1970, pp. 32-34. 

M Phosphorus &  Postasium (London). Hot 
Briquetting of Phosphorus Furnace Feed. No. 48, 
July-August 1970, pp. 19-21. I 

Japan Chemical Review. Phosphoric Acid 
Purification Process. June 1970, p. 57. 

16 Japan Chemical Review. NKK Process Phos- 
phoric Acid Plant. June 1970, p. 56. 

. Wet-Process Phosphoric Acid Manufac- 
ture by the Central-Prayon Process. June 1970, 
p. 64. 

17 Stern, D. R., and J. D. Ellis. Processing Prob- 
lems Pared for Superphosphoric Acid. Chem. Eng. 
v. 77 No. 6, Mar. 23, 1970, pp. 98-101. 

18 Rushton, W. E. Isothermal Reactor Improves 
Phosphoric-Acid Wet Process. Chem. Eng. v. 77, 
No. 4, Feb. 23, 1970, pp. 80-82. U 

19 Bostwick, L. E. Loop System Slashes Costs for 
Making Phosphoric Acid. Chem. Eng. v. 77, No. 
8, Apr. 20, 1970, pp. 100-108. 

?0 Chemical Age. Swift Develops Low Cost Proc- 
ess a MAP. V. 100, No. 2645, Mar. 27, 1970, 
p. 9. 
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The process involves fluosilicic acid depres- 
sion of the phosphate minerals and a fatty 
acid emulsion flotation of the carbonate 
gangue minerals. At the Albany Research 
Center, scientists were engaged in develop- 


ing a two-stage acidulation process for 
treating phosphate rock to produce phos- 
phoric acid. 1t would allow for the recov- 
ery of a fluorine product and a high-pu- 
rity gypsum product. 
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Platinum-Group Metals 


By Francis C. Mitko * 


The platinum shortage of the late 1960's 
reversed itself sharply in 1970, and a mar- 
ket oversupply was reflected in falling 
prices and consumption. Prices of all plati- 
num-group metals, except osmium and 
ruthenium, continued the slide begun in 
1969, and platinum dealer prices fell below 
producer prices in the third quarter for 
the first time. Dealer's prices of all plati- 
num-group metals except osmium were 
below producer's prices at yearend. Con- 
sumption, measured by sales to consuming 
industries, declined 2 percent for plati- 
num-group metals. 

Of particular importance to long-run de- 
mand, was the passage of the Clean Air 
Act of 1970 which set strict standards for 
automobile exhaust emissions in 1975, If 
the automobile manufacturers decide to 
meet the 1975 emission standards by using 
platinum catalysts, the sales of platinum in 
the United States would be boosted consid- 
erably. 

World output of the metals increased 23 
percent as production in the Republic of 
South Africa expanded in anticipation of 
large sales to the automotive industry par- 
ticularly in the United States, and perhaps 
worldwide. However, the major South Afri- 
can producers cut back expansion plans in 
late 1970 when the market was slow to 


materialize. Canadian production increased 
from the low levels caused by strikes in 
1969. U.S. production declined 19 percent, 
although refinery output of new metal 
was up. 

U.S. exports declined 17 percent; imports 
were up 16 percent. Stocks declined 29 per- 
cent, and production of secondary metal 
was down 6 percent. 

Legislation and Government Programs. 
—The Clean Air Act of 1970 set automo- 
tive emission standards for 1975 and 1980 
as follows (based on cold start) in maxi- 
mum permissible grams per mile: 


Nitrogen 


Carbon Hydro- 
monoxide carbons oxides 
1975. 11.0 0.50 0.90 
1980...... 4.7 .25 .45 


These standards were 90-percent below 
emission levels common for automobiles in 
1970. Automobile manufacturers stated 
that technology did not exist to meet the 
hydrocarbon and nitrogen oxide standards 
simultaneously. Two companies, Universal 
Oil Products Corp. (UOP) and Engelhard 
Minerals & Chemicals Corp. announced de- 
velopment of platinum-based catalytic muf- 
flers in 1970 that would at least control 
the hydrocarbon and carbon monoxide 


1 Economist, Division of Nonferrous Metals. 


Table 1.—Salient platinum-group metals statistics 
(Troy ounces) 


1966 1967 1968 1969 1970 
United States: 
Mine production ................ 51,423 16,365 14,793 21,586 17,385 
// Or $3,106, '993 $1,428,863 $1,500,603 $2,094,607 $1,520,958 
Refinery production: 
New metallkkMkæk 73,615 29,663 12,305 17,875 21,395 
Secondary metal____ ooo... 103,321 365,799 329,455 371,659 349,126 
Exports (except manufactures)) 205,456 279,852 395,157 501,064 413,766 
Imports for consumption 1,352,256 1,321,278 1,778,984 1,225,851 1,423,090 
Stocks Dec. 31: Refiner, importer, dealer. 1,129,604 869,211 802,711 1,077,478 165,936 
Consumption- nnn 1,675,795 1,334,296 1,376,911 1,357,344 1,335,467 
World: Production 3,039,449 3,175,809 3,393,749 3,431,155 4,215,922 


1 From crude platinum placers and byproduct platinum-group metals recovered largely from domestic gold 


and copper ores. 
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emissions. Both mufflers require nonleaded 
gasoline. It is interesting to note that nine 
cars met the 1975 emission standards in 
the Clean Air Race of 1970 from Cam- 
bridge, Mass., to Pasadena, Calif. (spon- 
sored by Wayne State University, Detroit, 
Mich.) , and one, using nonleaded gasoline 
and four platinum catalytic mufflers, even 
met the 1980 standards. 


Table 2.—Government inventory of 
platinum-group metals, December 31, 1970 


(Troy ounces) 


National Supplemental 


Metal stockpile stockpile Objective 
Iridium..... LITO. cisco 17,000 
Palladium... 502,152 747, 680 1,300,000 
Platinum... ? 400,036 49,999 555,000 


1 Excludes 184 ounces nonstockpile grade. 
? Includes 32,006 ounces reserved for upgrading. 
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At yearend, the national stockpile con- 
tained 502,152 ounces of palladium, an in- 
crease of 167,883 ounces over stocks at 
yearend 1969. Out of an original 200,000- 
ounce contract for upgrading the platinum 
in the stockpile, entered March 17, 1969, 
all but 32,006 ounces had been upgraded 
by the close of the year. There is no 
longer an objective for ruthenium; disposal 
of 2,500 ounces of ruthenium from the 
supplementa] stockpile was completed in 
1970. 

The Bureau of Mines began a study of 
secondary recovery of platinum-group met- 
als in the United States. Although the 
main purpose is to find areas in which 
platinum is lost and which might be re- 
covered with further research, it is antici- 
pated that the final report will be a com- 
plete and detailed study of the secondary 
recovery industry. 


DOMESTIC PRODUCTION 


Refinery output of new platinum metals 
increased 20 percent, but production of the 
secondary metals declined 6 percent. Do- 
mestic output is derived as a byproduct of 
copper refining and from the dredging of 
Alaskan placers. 

Toll refining of platinum-group metals 
decreased 23 percent in 1970 to a total of 
1,721,870 ounces. Used materials accounted 


for 84 percent of toll refining, and the bal- 
ance was virgin materials, The total 
amounts in troy ounces treated on toll 
in 1970 were as follows, with the corres- 
ponding 1969 amounts in parentheses: 
Platinum, 1,079,736 (1,207,559); palla- 
dium 569,711 (945,106); rhodium, 56,746 
(73,139) ; iridium, 5,659 (9,186); osmium, 
958 (2,197) ; and ruthenium, 9,060 (8,609). 


Table 3.—New platium-group metals recovered by refiners in the United States by sources 
(Troy ounces) 


Plati- Palla- Irid- Os- Rho- Ruthe- Total 
Year and source num dium ium mium dium nium 
LEE 30,048 31,367 3,979 1,533 5,650 1,038 73,615 
Ls REED PR MONTE 20,296 8,262 754 151 189 11 29,663 
1966 ee 6,302 5,358 454 95 90 6 12,305 
1969: 
From domestic sources: Crude platinum; 
gold and copper refining.............- ,702 8,224 570 135 70 11 17,712 
From foreign crude platinum____._.... .....- e A RA 163 
CC tu u Das oe he 8,702 8,387 570 135 70 11 17,875 
1970: o 
From domestic sources: Crude platinum; 
gold and copper refning. ,036 11,851 1,261 149 64 10 21,371 
From foreign crude platinum %%% wees: (Sete, Succes 24 
Total och — 8,036 11,875 1,261 149 64 10 21,395 
Table 4.—Secondary platinum-group metals recovered in the United States 
(Troy ounces) 

Year Platinum Palladium Iridium Osmium Rhodium Ruthenium Total 
196900 8 49, 563 50, 009 402 728 2,434 185 103,321 
1967 canica 8 126,377 215,162 7,748 2,377 11,505 2,630 365,799 
1968... ico aa 115,587 195,620 2,127 672 12,176 3,273 329,455 
1969 ii 8 126,822 227,763 2,250 208 11,743 2,873 371,659 
1910. — e 118,221 207, 582 1,927 121 13,394 7,881 349,126 
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CONSUMPTION AND USES 


Overall sales of platinum-group metals 
to consuming industrics decreased 2 per- 
cent to 1,335,467 ounces. The chemical, pe- 
troleum, and electrical industries accounted 
for 82 percent of the total platinum-group 
metals consumed in 1970, compared with 
77 percent in 1968 and 1969. 

Platinum sales increased slightly to 
516,008 ounces owing entirely to a three- 
fold increase in purchases by the petro- 
leum industry. Platinum sales to all other 
industries fell. The bulk of platinum sales 
in 1970 were distributed among petroleum 
refiners (35.1 percent), manufacturers of 
organic and inorganic chemicals (28.5 per- 
cent), and electrical and electronic equip- 
ment manufacturers (17.1 percent). 

Palladium sales declined 3 percent de- 
spite substantial increases in sales to the 
petroleum and glass industries, and slight 
increases in sales for dental and medical 
uses. Market declines were in sales of pal- 
ladium to the chemical industry (down 
28,507 ounces), to the electrical industry 
(down 11,169 ounces), and for miscella- 
neous uses (down 11,739 ounces). Most 
palladium sales however, were to the elec- 
trical industry (56.9 percent), and the 
chemical industry (25.3 percent). 

Iridium sales declined 23 percent, despite 
slight increases in sales for glass, electrical, 
and dental and medical uses. There were 
no sales of iridium to the petroleum in- 
dustry, and sales for chemical, jewelry, and 
miscellaneous uses declined 620, 1,109, and 
447 ounces, respectively. Sales of osmium 
increased 16 percent, and sales of ruthen- 
ium increased 24 percent; sales of rhodium 
declined 2 percent, compared with those in 
1969. Rhodium, iridium, and ruthenium 
are used primarily as alloys with platinum 
or palladium. 

In the chemical industry one of the 
major uses for platinum (alloyed with 10 
percent rhodium) is as a catalyst in nitric 
acid production for use in fertilizers and 
explosives. In 1970, Engelhard Minerals an- 
nounced a new precious-metal catalyst sys- 
tem referred to as “Random Pack” for the 
production of nitric acid by oxidation of 
ammonia. The Random Pack system appar- 
ently uses 60-percent less platinum with no 
loss in catalyst efficiency. It can be used 
with a Degussa palladium-gold alloy catch- 
ment gauze, or “getter”, which could cap- 
ture 27 to 29 percent of the platinum lost 


temperatures. 


to volatilization in the nitric acid manu- 
facturing process. Union Carbide Corp. 
and Engelhard formed a new organization 
Metal Anode Associates, to produce and 
market platinum-coated titanium anodes 
for the electrolysis of brine.? 


The emphasis on controlling air pollu- 
tion resulted in several new developments 
in the use of platinum by the petroleum 
industry. Most proposed catalytic devices 
for controlling automotive exhaust emis- 
sions require unleaded gasoline. Because 
achieving high-octane levels without the 
use of lead requires greater treatment of 
petroleum feedstocks, platinum usage in 
petroleum refining increased in 1970. How- 
ever, application of a new platinum-rhe- 
nium catalyst to refining, requiring much 
less platinum, is expected to offset the de- 
mand for this purpose. The city of Chi- 
cago had UOP platinum-based Purzaust 
converters installed on 50 of the city's au- 
tomobiles as part of its 18-month clean air 
test program. Engelhard Minerals also ne- 
gotiated to install their platinum-based sys- 
tem on 50 of Chicago’s cars.3 


More uses were found for platinum- 
iridium alloys in crucibles for growing 
crystals for lasers, optical modulators, and 
other scientific applications. Platinum is 
also used for fiberglas spinnerettes. 


Platinum and palladium alloy pastes 
were used increasingly in ceramic hybrid 
microcircuits, and surface coatings on elec- 
tronic components, The platinum, espe- 
cially in combination with gold, produces 
a highly conductive film that resists high 
Platinum and palladium 
were also used in furnace windings, ther- 
mocouples, and many other electrical ap- 
plications. Engelhard produced a fuel cell 
using a platinum metal catalyst to produce 
electrical energy in the 20- to 2,000-watt 
power range by the electrochemical combi- 
nation of atmospheric oxygen and hydro- 
gen from ammonia. Platinum and chro- 
mium were used to give razor blades a 
hard, corrosion-resistant edge. The Pace- 
maker, developed by Medtronic, Inc., used 
platinum electrodes to stimulate the heart 


2 American Metal Market. New Forms of Plati- 
num Flow From Researchers. V. 77, No. 171, 
Sept. 8, 1970, p. 14A 

3 Metals Week. Mounting the Attack on Auto 
Exhaust. V. 41, No. 39, Sept. 28, 1970, p. 22. 
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muscle. Testing continued on the pre- 
viously unrecognized ability of platinum 
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compounds to inhibit leukemia and sar- 
coma malignancies in mice.5 


Table 5.—Platinum-group metals sold to consuming industries in the United States 
(Troy ounces) 


Plati- Palla- Irid- Os- Rho- Ruthe- 

Year and industry num dium ium | mium dium nium Total 
KEE 690,787 894,212 10,993 1,836 69,688 8,279 1,675,795 
Y A A 633,864 621,141 12,086 1,823 54,952 10,480 1,334,296 
A x su hua 580,155 721,479 9,443 1,612 44,776 10,446 1,367,911 
1969: 

Chemical.......................- 175,436 214,508 6,171 873 18,060 8,696 423,744 
Petroleum 58, 60 1.337 1,328 2,841 63,617 
ET EE 63,350 3,891 232 10,839 ...... 78,312 
Electrical......................-.- 112,589 430,258 2,154 5 10,788 2,057 557,851 
Dental and medieal _ 22,266 52,326 709 555 839 218 76,413 
Jewelry and decorative 36,161 21,887 2,941 ..... 5,622 1,915 68,476 
Miscellaneous 47,174 34, 581 683 39 2,155 4,299 88,981 
/ ( ts uu ul 515,578 758,738 14,218 1,472 50,144 17,194 1,857,844 
1970: 
Chemical...................-.--- 147,029 186,001 5,551 992 26,445 13,825 379,843 
Petroleum 181,014 15,494 ...... ....- 59 156 196,723 
FT WERE ICE IN oe 84,577 21,147 408 ..... T 18987 niu 68,270 
Electrical... ...................-- 88,146 419,089 2,224 2 9,054 2,554 521,069 
Dental and medical 19,794 54,426 717 661 51 260 75,909 
Jewelry and decorative 30,093 17,507 1,882 ..... 5,843 3,115 57,890 
Miscellaneous 15,855 22,842 236 52 805 1,473 40, 763 
Total gene 516,008 736,506 10,968 1,707 48,895 21,388 1,335,467 
Table 6.—Refiner, importer, and dealer stocks of platinum-group metals 
in the United States, December 31 
(Troy ounces) 
6 ee So s 459,669 574,651 20,677 2,559 57,737 14,311 1,129,604 
TO oda 327,919 460,624 17,410 2,802 47,275 13,181 69,211 
19888 322, 982 393 , 882 15,127 2,402 55,097 13,271 802,711 
ĩd 8 370, 675 608, 716 14,505 2,873 55,833 24,876 1,077,478 
/// A 346,935 333,256 13,330 1,868 47,766 22,781 765,986 
STOCKS 


During the year, stocks of all platinum- 
group metals held by refiners, importers, 
and dealers declined, a total of 29 percent. 
Individual declines in percent were as fol- 
lows: Platinum, 6; palladium, 45; iridium, 
8; osmium, 35; rhodium, 14; and ruthen- 
ium, 8. 


Yearend stocks of platinum and palla- 
dium held in the New York Mercantile Ex- 
change depositories totaled 19,550 and 
32,700 ounces, respectively. This is an in- 
crease of 12,450 ounces of platinum but a 
decrease of 84,800 ounces of palladium 
during the year. 


PRICES 


The producer’s price remained at $130 
to $135 per ounce throughout the year for 
platinum, $200 to $225 per ounce for os- 
mium, and $50 to $55 per ounce for ruthe- 
nium. Palladium prices fell $1 to $36— 
$38 per ounce; iridium prices declined, $10 
to $150—$155 per ounce; and rhodium 
dropped $15 to $205—$210 per ounce. 


Declines in dealer’s prices more clearly 
reflected the general slump in the nation’s 
economy. The dealer's prices for all plati- 


4 American Metal Market. New Forms of Plati- 
num Flow From Researchers. V. 77, No. 39, 


Sept. 28, 1970, pp. 5A, 7A. 


5 Platinum Metals Review. Some Biologic Ef- 
fects of Platinum Compounds. V. 15, No. 2, Apr. 
7, 1971, p. 42. 
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num-group metals except osmium were 
below producer's prices at the end of 1970. 
Platinum fell from between $177 and $179 
per ounce to between $122 and $125 per 
ounce during the year. Palladium fell from 
between $35.50 and $36 per ounce to $35 
and $35.50 per ounce. Rhodium fell from 
between $215 and $220 per ounce to be- 
tween $202 and $205 per ounce, and irid- 
ium fell from between $160 and $162 per 
ounce to between $145 and $148 per 
ounce. Osmium remained at $220 to $225 
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per ounce and ruthenium stayed at $45 
per ounce. 

The future market for platinum declined, 
with the Mercantile Exchange quotations 
for April delivery of platinum falling from 
between $165 and $167.50 per ounce on 
January 5, 1970, to between $121.50 and 
$122 per ounce at yearend, but March 
quotes for delivery of palladium rose from 
between $32.50 and $33.50 per ounce to 
between $33.40 and $33.75 per ounce dur- 
ing the same period. 


FOREIGN TRADE 


Exports of platinum increased 21 per- 
cent, but those of the remaining plati- 
num-group metals decreased 48 percent. 
Platinum accounted for 65 percent of plat- 
inum-group exports in 1970. Exports to 
West Germany accounted for 34 percent of 
the platinum, and 44 percent of the re- 
maining group metal exports in 1970; 
Japan received 19 percent of the platinum 
and 14 percent of the remaining group 
metals, and the United Kingdom received 
23 percent of the platinum and 2 percent 
of the remaining group metals. The total 
export values for platinum and remaining 
group metals were $32,978,000 and 
$10,034,000 respectively, for a grand total 
of $43,012,000 in 1970. This compared with 
$46,711,000 in 1969. New export classifica- 
tions, established January 1, 1970, were 
used in compiling table 7. 


U.S. imports of platinum-group metals 
increased 16 percent in quantity to 
1,423,090 troy ounces and 12 percent in 
value to 5104, 871, 000. 

Imports from most countries dropped. 
Those from Belgium- Luxembourg were 
down by 66,353 ounces and those from 
Canada, by 49,796 ounces. However, higher 
imports from the Republic of South Af- 
rica, up 108,839 ounces, the U.S.S.R., up 
204,259 ounces, the United Kingdom, up 
44,225 ounces; Mexico, up 1,436 ounces; 
and Japan, up 14,860 ounces; resulted in a 
net increase in total group metal imports 
in 1970. The United Kingdom accounted 
for 45.8 percent of total imports of plati- 
num-group metals, the U.S.S.R. for 34.7 
percent, and the Republic of South Africa 
for 8.1 percent. 
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Table 8.— U.S. imports for consumption 
of platinum-group metals 


Troy Value 
Year ounces (thousands) 
198688 8 1,773,984 $125,692 
196957. 8 1,225,851 93,899 
kt -- 1,423,090 104,871 


r Revised. 
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WORLD REVIEW 


Total world production of platinum- 
group metals was up 23 percent in 1970, 
primarily as a result of completion of 1970 
expansion plans by Rustenburg Platinum 
Mines Ltd., and by Impala Platinum Ltd., 
both of the Republic of South Africa. Pro- 
duction by the U.S.S.R. was also assumed 
to have risen. Canadian production re- 
covered from the long strike in 1969. Co- 
lumbia, Ethiopia, and Japan each produced 
small amounts of the platinum metals. 
Drilling during the year indicated fairly 
high platinum values on the Northwest 
Oil and Minerals Co. property in western 
Australia and on the Georgia-Kaolin Co. 
property near Kerikeri, North Auckland, 
New Zealand, but the sampling has been 
insufficient to support the elaborate claims 
that were made for the finds. 

Canada.—The Canadian output of plati- 
num-group metals increased by 49 percent 
to 461,200 ounces. The production in 1969 
was low because of a 130-day strike at the 
International Nickel Co. of Canada Ltd. 
(INCO). The effects of the strike were 
still being felt in early 1970. Most of Can- 
ada's production comes as a byproduct of 
nickel mining and refining in the Sudbury 
district of Ontario. Canada is the world's 
third largest producer of platinum-group 
metals. INCO operated 12 mines, four 
mills, and two smelters for the treatment 
of platinum-bearing nickel-copper ores in 
the Sudbury area. Matte from the smelters 
was refined at the company refinery at 


Table 10.—Platinum-group metals: 


Port Colborne, Ontario, and the precious- 
metal sludges shipped to the company re- 
finery at Acton, England, for processing. 
INCO was developing four mines near 
Sudbury, and a fifth at Shebandowan, On- 
tario, in 1970. Falconbridge Nickel Mines 
Ltd. operated eight mines, four mills, and 
one smelter in the Sudbury area. Nickel- 
copper matte containing precious metals 
was shipped from the smelter to the com- 
pany refinery at Kristiansand, Norway, for 
refining. Precious-metal sludges were 
shipped to the United States for refining 
by Engelhard Minerals. 

Consolidated Canadian Faraday Ltd. at 
Gordon Lake, Ontario, shipped nickel-cop- 
per concentrates to INCO at Sudbury for 
treatment. Dumbarton Mines, in the Bird 
River area of Manitoba started production 
in 1969 and shipped ore to the mill of 
Consolidated Canadian Faraday. Renzy 
Mines in Hainault Township, Quebec, 
started production from its mine and mill 
in 1969 and shipped its concentrates to 
Falconbridge for smelting.6 

Colombia.—Production of platinum- 
group metals by Colombia decreased 5 per- 
cent to 26,358 ounces. The largest producer 
in the country, International Mining 
Corp., operated five dredges in the Choco 
district and a newly acquired, 8-cubic-foot 
dredge in the Narifio district. 


6 Northern Mines (Toronto). Platinoids Surplus 
for a While With Expanding Production. No. 37, 
Dec. 3, 1970, p. 11. 


World production, by countries 


(Troy ounces) 


Country ! 1968 1969 1970 v 
Canada: 
Platinum and platinum-group metals 485,891 810,404 461,200 
Colombia: l 
Placer lat nnn ca cele 22,280 27,805 26,358 
Ethiopia: 
Placer platinum . ia 349 343 273 
pan: 
Palladium from refineries -2-2 --------------2--- 3,651 3,877 4,610 
Platinum from refnperieg 2,785 3,140 3,296 
South Africa, Republic of: 
Platinum-group metals from platinum ores e 850,000 950,000 1,500,000 
T oe from gold ores (sales) occ... 14,000 14,000 2,800 
U.S.S.R.: 
Placer platinum and from platinum-nickel copper ores*. ... 2,000,000 2,100,000 2,200,000 
United States: 
Crude placer platinum and byproduct metals recovered 
largely from domestic gold and copper refining: 5 14,793 21,586 17,385 
O lle TöAſAſ 8 3,893,749 3,431,155 4,215,922 
e Estimate. p Preliminary. 


1 In addition to the countries listed, New Guinea also produces platinum but production is less than 34 unit. 


PLATINUM-GROUP METALS 


South Africa, Republic of.—For the 
eighth consecutive year, output of plati- 
num-group metals expanded. Certain 
phases of the expansion plans announced 
in earlier years by Rustenburg Platinum 
and Impala Platinum were completed in 
1970, and output increased 56 percent to 
1,502,800. However, when dealer's prices 
began to drop below producer's prices in 
late 1970, further expansion plans were 
curtailed. Rustenburg announced plans in 
early 1970 to increase its production from 
the anticipated 1.1-million-ounce annual 
rate in 1970, to about 1.3 million ounces 
per year by mid 1972. Part of this expan- 
sion was to come from opening the compa- 
nys Union Section on Middellaagte and 
Amandebult farms at a cost of $28 million. 
By yearend these plans had been deferred, 
with the new north section only prepared 
to the pre-shaft-sinking stage. 

Impala announced in early 1970 that its 
Bafokeng mine, which was then producing 
approximately 150,000 ounces per year and 
expected to produce at 180,000 ounces per 
year at yearend, would be developed to 
250,000 ounces per year in 1971, and 
300,000 ounces per year in 1972. Late in 
1970, Impala announced that it had al- 
ready reached an annual rate of 250,000 
ounces and were deferring further expan- 
sion plans. Impala sells platinum-group 
metals through Ayreton Metals, a subsidi- 
ary, and sells copper and nickel on the 
free market. 

Western Platinum Ltd. (Lonrho Ltd. of 
London, 51 percent; Falconbridge Nickel 
Mines of Toronto, 24.5 percent; and Supe- 
rior Oil Co. of Houston, Tex. 24.5 per- 
cent) announced in 1970 that they would 
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open two mines in the Merensky Reef. 
One mine at Middelkraal was developed to 
an inclined depth of 1,810 feet in 1970 and 
was expected to produce 50,000 to 60,000 
ounces per year. The first concentrator was 
near completion with a capacity of 60,000 
ounces per year. Milling was scheduled to 
begin in April 1971. 

Western Platinum' second mine, at 
Wonderkop, was planned for a depth of 
2,000 to 4,000 feet and an output initially 
set at 200,000 ounces per year. Later plans 
called for a combined target of 430,000 
ounces per year by 1974-75 from the two 
mines and for 20 percent of their revenue 
to come from sales of nickel. Western Plat- 
inum planned to send the matte to Fal- 
conbridge Nickel's refinery at Kristiansand, 
Norway, for recovery of the copper and 
nickel. The precious-metals-bearing resi- 
dues would then be returned to South Af- 
rica for refining. | 

Atok Investments, (Pty) Ltd., continued 
work on its Middlepunt farm property in 
the Lydenburg area. The company, owned 
by Anglo-Transvaal Consolidated Invest- 
ment Co., Ltd., United States Steel Corp., 
and Middle Witwatersrand Ltd. contracted 
to sell through their exclusive sales agent, 
Leonard J. Buck, Inc., of New York. 

Other areas with active exploration in 
1970 were on the Der Brochen farm in the 
Rustenburg area (by the Rand Mines 
group, Anglo-American, and General Min- 
ing) and an open pit mine in the Grob- 
lersdal District of Transvaal (by a corsor- 
tium led by Klockner-Werke of West 
Germany, with an 11.7-percent interest 
held by Sherritt Gordon Mines Ltd. of 
Canada). 


TECHNOLOGY 


The Chemical and Metallurgical Divi- 
sion of Sylvania Electrical Products, Inc. 
marketed a coated molybdenum heating 
coil that is supposed to provide cost sav- 
ings of 40 percent over platinum and plat- 
inum-rhodium coils. The coils were de- 
signed for use in an oxidizing environment 
where high-temperature heat sources are 
required, such as in sealing of glass diodes 
and for home and industrial gas dryers.? 

Permanent cathodic protection systems 
using platinized electrodes developed by 
Engelhard Minerals over 15 years ago 
found significant new uses in the control 


of corrosion in metal, chemical, petroleum, 
sewage disposal, and water supply indus- 
tries. Of particular interest was its use in 
protecting the world's largest floating dry- 
dock, built at Bethlehem Steel's San Fran- 
cisco shipyard. The drydock was designed 
to hold 150,000-ton tankers, and uses a 
Capac cathodic protection system.8 

Expanded platinum-clad tantalum an- 
odes, trademarked Permanode®, for gold 

7 American Metal Market. Coated Moly Coils 
Produce Savings Over Platinum-Type. V. 77, No. 
104, June 2, 1970, p. 15. 

8 American Metal Market. Platinum-Columbium 


Anodes Protect Floating Dry-Dock. V. 77, No. 24, 
Feb. 4, 1970, p. 9. 
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and rhodium electroplating were intro- 
duced by Sel-Rex Corp. The new anodes 
reportedly ofter the same performance and 
life, at lower cost, as the solid platinum 
anodes they are to replace.® 


An ion-exchange resin capable of re- 
covering up to 100 percent of the gold and 
other precious metals dissolved in acid so- 
lution was described in Haifa, Israel, by 
Herbert Bernstein, Technical Director of 
the Technion Research and Development 
Foundation, Ltd. The resin, known as Sra- 
fion NMRR, was first discovered in 1964 
by Gabriella Schmuckler of ‘Technion’s De- 
partment of Chemistry and has since been 
developed further by her. The resin has 
the ability to discriminate between noble 
and base metals. The gold, platinum, and 
related metals collect on the resin, from 
which they may be removed by roasting or 
eluting, while the common metals pass 
throug the ion-exchange column without 
collecting or seriously interfering with col- 
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lection of gold.10 The resin is further de- 
scribed in a Bureau of Mines publication.11 

A new concept was used to develop a 
miniaturized gas chromatograph-mass spec- 
trometer-computer system measuring 7 by 
9 by 11 inches for use on the Viking Lan- 
der Mars Probe, which is expected to land 
on Mars in 1975. The concept uses the 
selective permeability of hydrogen through 
a palladium transmodulator. The concept 
could potentially be used to make an inte- 
grated-circuit gas chromatograph in which 
all components could be laid down on a 
small chip 1 by 2 centimeters.12 

9 American Metal Market. Platinum-Clad Tan- 
a Mesh Anodes Available. V. 77, No. 25, 
Feb. 1970, p. 14. 

10 secondary Raw Materials. New Process to Re- 


cover Precious Metals Developed by ‘Technion 
Research. V. 8, No. 12, December 1970, pp. 51, 


52. 

11 Green, Thomas E., and S. L. Law. Properties 
of an Ion Exchange Resin With High Selectivity 
for Gold. BuMine Rept. of Inv. 7385, 1970, 9 pp. 

12 Chemical & Engineering News. Palladium 
May Lead to Thumbnail-Scale GC. V. 48, No. 
35, CAE 24, 1970, p. 33. 


Potash 


By Donald E. Eilertsen * 


A hike of $5 per ton in average sales 
value, record apparent consumption and 
import tonnages, and sharp declines in 
sales and export tonnages: were some of 
the highlights for potash materials in the 
United States in 1970. World production of 
potash (K20) exceeded 20 million tons for 
the first time. 

Legislation and Government Programs. 
—No action was taken by the 9lst Con- 
gress, 2d Session, on three bills concerning 
the imports of potassium chloride. The 
legislative proposals were: (1) S.344, a bill 
to impose annual quotas on the quantity 


of potassium chloride or muriate of potash 
which may be imported into the United 
States; (2) S.2883 and (3) H.R. 14941, 
identical bills to provide for the imposi- 
tion of a duty on excessive imports of po- 
tassium chloride or muriate of potash. 


No special dumping duties were assessed 
during 1970 on Canadian, French, and 
West German potassium chloride which, 
according to findings of the U.S. Depart- 
ment of the Treasury and U.S. Tariff 
Commission late in 1969, had been sold in 
the United States at less than fair prices. 


Table 1.—Salient potash statistics 


(Thousand short tons and thousand dollars) 


LÀ 


1966 1967 1968 1969 1970 
United States: 
Production of potassium salts, mar- 
ket able 5,701 5, 649 4,769 4,918 4,853 
Approximate K:20 equivalent. . 3,320 3,299 2,722 2,804 2,729 
AAA A A $122,210 $105,313 $75,664 $73,572 $98,123 
Sales of potassium salts by pro- 
p eds HM A HIN 5,377 5,363 5,091 5,340 4,703 
5 K :O equivalent. . 3,133 3,126 2,913 3,069 2,669 
ue at plant 5116, 340 5100, 566 581,620 $78,062 $92,373 
eeng value per ton $21.64 $18 $16.03 $14.62 $19.64 
Imports for consumption of potash 
materials «4„ 2, 544 2, 929 3, 658 3, 978 4,413 
Approximate Ra) equivalent. 1,491 1,708 2,172 2,34 2,6 
A A cakes $71,821 $73,649 $78,077 $67,094 $101,337 
Exports of potash materials 1,053 1,175 1,336 1,2 1,0 
Approximate K:20 equivalent. 621 693 748 709 572 
CDI $38,159 $39,896 $43,467 $37,773 $36,940 
Apparent consumption of potassium 
ze a A C aun ss 6,868 7,117 7,413 8,059 8,074 
5 mate K: O e uivalent. ; 4,003 4,141 4,337 4,700 4,709 
World: Pro rea marketable 
Approximate K:20 equivalent Doa 16,059 17,353 17,867 18,810 p 20,443 
p Preliminary. 
1 Measured by sold or used plus imports minus exports. 
DOMESTIC PRODUCTION 
Production of marketable potassium in production since 1966 has been attrib- 


salts, potassium monoxide (KO) equiva- 
lent, was 2.7 percent less than in 1969 and 
17.8 percent below the record established 
in 1966. The decline from 1969 was caused 
mainly by reduced outputs of potash in 
Michigan and Utah. The general decline 


uted mostly to the large quantities of po- 
tassium muriate imported from Canada. 
New Mexico accounted for 87.6 percent of 
the national output of K20 equivalent. 


1 Physical Division of Nonmetallic 


Minerals. 


scientist, 
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The average grade of crude potassium salts 
mined in New Mexico was 18.1 percent 
KO, compared with 18.4 percent in 1969. 


Thirteen firms in five States produced 
marketable potassium salts. They were 
Duval Corp., International Minerals & 
Chemical Corp., Kerr-McGee Corp., Na- 
tional Potash Co., Potash Co. of America, 
Southwest Potash Corp., and United States 
Potash & Chemical Co., all in New Mex- 
ico; Kerr-McGee Corp., formerly American 
Potash & Chemical Corp., in California; 
Marquette Cement Manufacturing Co. in 
Maryland; The Dow Chemical Co. in 
Michigan; and Texas Gulf Sulfur Co., 
Kaiser Aluminum & Chemical Corp., and 
Great Salt Lake Minerals & Chemicals 
Corp. (GSL), all in Utah. 


The Dow Chemical Co. discontinued the 
recovery of potassium salts from brine in 
Michigan at midyear. 


Texas Gulf Sulphur Co. announced in 


July that it was discontinuing conventional . 


underground mining of potash at its Cane 
Creek mine near Moab, Utah, and convert- 
ing to solution mining, the conversion to 
be completed by mid-1971. The mine will 
be flooded with water, and brine contain- 
ing both potash and salt will be with- 
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drawn through drilled wells. Solar evapo- 
ration of the brine in specially constructed 
ponds will concentrate the salts, which will 
be processed in the existing facilities. 

The new facilities of GSL for producing 
a variety of products from solar-evaporated 
brine from the North Arm of Great Salt 
Lake came on stream about October. The 
plant, located near Little Mountain, Utah, 
is scheduled to produce 240,000 tons of po- 
tassium sulfate, 150,000 tons of sodium sul- 
fate, and up to 500,000 tons of magnesium 
chloride annually. Approximately 2 years 
are required for the brine to pass through 
the vast complex of solar evaporation 
ponds covering 20 square miles. Each year 
10 million tons of salts will be precipi- 
tated, of which approximately 2.5 million 
tons will be processed into marketable 
products.? 

Searles Lake Chemical Co., a subsidiary 
of Occidental Petroleum Corp., was con- 
structing facilities to produce potassium 
sulfate, borax, sodium borate, and soda ash 
from Searles Lake (California) brines. Pro- 
duction is expected in the latter part of 
1972. 


S Engincc ang and Mining Journal. Utah Com- 
pany Gets Set To Tap Mineral Wealth of Great 
Salt Lake. V. 171, No. 4, April 1970, pp. 67-70. 


Table 2.—Marketable potassium salts produced and sold or used in the United States, 
in 1970, by product | 


(Thousand short tons and thousand dollars) 


Production 


Muriate of potash, 60 percent 


Sold or used 


K:20 minimum Gross K:20 Gross Kai 
weight equivalent Value! weight equivalent Value 
January-June 1970: 
Standard... uscar eek 813 496 $12,887 960 585 $14,661 
Coarse... .. canas 595 364 11,333 583 357 11,280 
EA een er RES 441 268 9,057 396 241 8,078 
Total$i.:. 2:222 0222222 52 1,848 1,128 33,277 1,939 1,182 34,018 
Other potassium salts 33. 662 279 15,765 672 292 15,703 
TOt81 3: ciencia cacas 2,511 1,407 49,043 2,611 1,475 49,722 
July-December 1970: 
Standard... 753 459 13,603 818 498 14,337 
%%% ͤ A 540 330 10, 851 482 295 9,699 
Gans esos 462 281 10, 037 332 202 7,153 
r a 1,755 1,071 34,491 1,632 995 31,189 
Other potassium salts 222 587 252 14,589 460 200 11,463 
CC 2, 342 1,323 49,080 2,092 1,195 42,652 
Grand total 2 4, 853 2,729 98,123 4,703 2,669 92,373 


1 Derived from reported value of “Sold or used.” 


2 Data may not add to totals shown because of independent rounding. 
3 Figures for refined muriate and manure salts are included with potassium sulfate and potassium-magnestum 


sulfate to avoid disclosure of company confidential data. 
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Figure 1.—Marketable production, apparent consumption, exports, and imports of 


potassium salts measured in K20 equivalent. 
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Table 3.—Crude potassium salts produced, and marketable salts produced 
and sold or used in New Mexico 
(Thousand short tons and thousand dollars) 
Marketable potassium salts 
Crude salts ! 
(mine production) Production Sold or used 
Period A = 
2 P 
Gross equiv- Gross equiv- Value? ` Gross equiv- Value 
weight alent weight alent weight alent 
1969: | l 
January-June..... 7,962 1,472 2,117 1,194: $31,742 2,591 1,466 $37,641 
July-December.... 7,558 1,389 2,014 1,133 30,293 1,842 1,055 27,222 
E — 
Total3......... 15,519 2,861 4,131 2,327 62,084 4,433 2,521 64,863 
1970: 
January-June..... 8,096 1,476 2,164 1,198 42,260 2,192 1,224 42,311 
July-December.... 8,150 1,459 2,128 1,192 43,617 1,774 1,003 35,922 
Total _ 16,246 2,985 4,286 2,390 85,877 3,966 2,227 


1 Sylvite and langbeinite. 
2 Derived from reported value of “Sold or used.” 


3 Data may not add to totals shown because of independent rounding. 


78,299 


CONSUMPTIÓN AND USES 


Apparent consumption of potassium salts 
in the United States, measured by the 
quantity sold or used by domestic produc- 
ers plus imports minus exports (K20 
equivalent), was the largest ever reported. 

Deliveries of domestic and imported pot- 
ash salts for agricultural and chemical pur- 
poses in the United States, totaling 4.5 
million tons of K20 equivalent, were the 
second largest ever reported, or 2.8 percent 
below the record of 1969. Deliveries for ag- 


ricultural purposes accounted for 95.5 per- 
cent of the total. Illinois, Iowa, Indiana, 
and Ohio received 33 percent of the deliv- 
eries for agriculture, while New York con- 
tinued to be the leading recipient of pot- 
ash for chemical purposes. 

Potassium chemicals have a large 
number of uses, including applications in 
ceramics, explosives, glass, medicines, pho- 
tography, gold and silver recovery, scintil- 
lation, and textiles. 


Table 4.—Deliveries of potash salts in 1970, by State of destination 


(Short tons K: O equivalent) 
Agricultural Chemical 


Agricultural Chemical 


Dest inat ion potash potash Destination potash potash 
Alabama...............- 106,879 29,478 Nebraska. 33,502 376 
Arizona. 1.089 17 Nevada L....-..- 692 
Arkansas 66,044 471 New Hampshire 253 161 
Californian 46, 877 4,909 New Jersey 10,776 1,198 

olorado. ............... 9,066 84 New Mexico............- 1,439 941 
Connecticut... 4,057 200 New York ----- 72,878 71,816 

elaware...............- 15,231 10,654 North Carolina 141,359 70 
District of Columbia 298 uu North Dakota. .........- 9,7944 

Onda... ucl 8 260,807 1,152 Oh ioo 247,468 7,281 
Georgi... 199,648 744 Oklahoma 8,9 359 
Hawai u... ui 22,818 Oregon 10,995 1,036 
Idaho.................-. 8,027 7 Pennsylvania...........- 42,782 3,853 
O EE ee 467,623 26,088 Rhode Island 1,831 696 
Indiana 332, 109 5,011 South Carolina........... 87, 838 140 
SS ðĩ˙»¹—w»· N .. 371, 684 1,414 South Dakota 9,147 32 
Kansass s 30, 229 1,936 Tennesse 93,720 
Kentucky. .............- 11,958 11,746 Texas 231,631 12,072 
Louisiana 68 430 650 Uta . . . . ----- 529 
Maine 16,248 48 Vermont 4,848 16 
Maryland. .............. 98,739 1,148 Virginia 131,033 398 
Massachusetts 3,079 251 Washington 23,102 992 
Michigan 113, 848 1,589 West Virginia 3, 689 1.581 
Minnesota 325, 001 517 Wisconsin 183,672 651 
Mississippi 110, 750 7 Wyoming 2,178 170 

0 .....----------- 163,594 1,536 
Montana 2,016 | ....... ! 14,295,005 2203, 673 


1 Distribution of K: O—1, 485, 002 tons as standard muriate, 1,504,982 tons as coarse muriate, 865,239 tons 
as granular muriate, 280,210 tons as soluble muriate, and 209,622 tons as sulfates. 
2 Distribution of K:0—180, 570 tons as muriate, 18,169 tons as soluble muriate, and 4,984 tons as sulfates. 


Source: Potash Institute of North America, Atlanta, Ga. 
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STOCKS 


Producers’ yearend stocks of potassium 
salts, KO equivalent, were 15.8 percent 
larger than those in 1969. Yearend stocks 
of imported potash were not available. 


Table 5.—Yearend stocks of marketable 
potassium salts in the United States 
(Thousand short tons) 


Stocks, Dec. 31 
Number 
Year of K30 
producers Gross weight equivalent 
196 — 12 1,215 690 
1967 12 1,501 863 
1968.......- 13 1,175 676 
1969. 12 723 392 
19710 13 875 454 
PRICES 


The downward trend in prices of potas- 
sium muriate from 1966 to 1969 was re- 
versed in 1970, as a result of the Saskatch- 
ewan government invoking its Potash 
Conservation Regulations of 1969, effective 
January 1, 1970. The unusually low prices 
of muriate in 1969 were mostly attributed 
to oversupply, particularly in North Amer- 
ica. Competitors bidding for markets con- 
tinually slashed prices. Saskatchewan not 
only put quantitative controls on its tre- 
mendous potash output potential, but also 
established a minimum price on Saskatche- 
wan standard muriate at 33.75 cents (Ca- 
nadian) per unit of KO equivalent, 


corresponding to $20.25 (US $18.75) per ton 
of muriate containing 60 percent KO. 

Quoted prices of various potash mate- 
rials for 1970 are shown in tables 6, 7, and 
8. 

The influence of the Saskatchewan regu- 
lations on domestic muriate prices may be 
illustrated as follows: The average sales 
value of domestic standard, coarse, and 
granular muriate, f.o.b. plants, was $12.76 
per ton in 1969, compared with $18.26 per 
ton in 1970. Imports for consumption of 
muriate from Canada were valued at an 
average of $14.72 per ton at Canadian 
shipping points in 1969, compared with 
$20.77 per ton in 1970. 
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POTASH 


Table 7.—Bulk prices for potash in 1970 1 
(U.S. cents per unit Ka 


Sept.- 
Product Jan.1 Aug. Dec. 
Muriate, 60 percent K:0 
minimum: 
Carlsbad, N. Mex.: 
Standard 33 33 33.75 
oars e 37 37 39 
Granula ` 39 39 41 
Potasco, Saskatchewan: 
Standard. ........ 31.4 33 33.75 
Coarse...........- 35 37 39 
Granular.......... 87 89 41 
Sulfate of potash, 50 percent 
K:20 minimum: 
Carlsbad, N. Mex.: 
Regular 80 80 we 
Granular.......... 90 90 e 
Mine-run salts, 20 percent 
Kai minimum, Carlsbad, 
N. Mes 17.65 17.65 .. 


1 Carlots, f.o.b. cars. 


Source: Potash Company of America, Division of 
Ideal Basic Industries, Inc. 
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Table 8.—Bulk prices for California potash ! 
(Cents per unit Kai, 


1970 


Product — 
Jan. July Dec. 


Muriate, 60 percent Ka) mini- 


mum: 
Standard. ` .-...-------- 42 43 43 
CGoarge -------------- 46 47 47 
Sulfate, 52 percent K:20 mini- 
mum: 
Standard . . 98 T 98 
Granula rr 108 — 108 


1 Kerr-McGee Chemical Corp., formerly American 
Potash & Chemical Corp.—carlots f. o. b. Trona, 
Calif. Muriate quotations from price schedules dated 
Jan. 1, 1970, and July 1, 1970. Sulfate quotations 
from price schedule dated Dec. 1, 1969. 


FOREIGN TRADE 


Exports of 1.05 million tons of potash 
materials for fertilizer and chemical pur- 
poses in 1970 were 21.7 percent below the 
peak of 1968, and 16.9 percent below the 
level of 1969. "The declines were largely at- 
tributed to smaller exports to various 
countries, particularly Japan, or more pre- 
cisely, to loss of business to foreign pot- 
ash-producing countries. Four countries re- 
ceived 52.8 percent of the total exports of 
potash materials for fertilizer purposes. 
They were Japan, 24.5 percent; Brazil, 10 
percent; Taiwan, 9.4 percent; and Aus- 
tralia, 8.9 percent. Brazil received 58.1 per- 
cent of the total exports of potash mate- 
rials for chemical purposes. 


Imports for consumption of potash 
materials, totaling 4.42 million tons, were 
11.1 percent above the record of 1969; the 
gain was mostly in muriate from Canada. 
Muriate continued to be the major im- 
ported potash material (96.3 percent), and 
Canada, which supplied 4.14 million tons 
of muriate, was the largest individual sup- 
plier for the eighth consecutive year. The 
average declared value per ton of Cana- 
dian muriate (unspecified grade) at Cana- 
dian shipping points was $20.77 per ton in 
1970, compared with $14.72 per ton in 
1969, $19.11 per ton in 1968, $23 per ton 
in 1967, and $25.36 per ton in 1966. 
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WORLD REVIEW 


World production of potash: smashed all 
previous records, and Congo (Brazzaville) 
also became a major producer of potash. 

Canada.—There were 10 potash mines in 
Saskatchewan in 1970. At yearend, eight 
were active, one (Cominco, Ltd.) was 
being dewatered as a result of a serious 
mine flood in August, and another one 
(Sylvite of Canada, Ltd.) was almost ready 
to go on stream. The companies and their 
potash capacities are as follows: 


Annual 
capacity 
(million 
tons) 


K:0 
equiv- 
KCl alent 


Company Location 


International Minerals 
& Chemical Corp., 
cm Ltd. (IMC): 
e EE dree — 2.10 
1 


Kalium Chemicals, Ltd. Belle Plaine 1.50 .94 
Potash Co. of America 

(PCA). . - . nee Saskatoon... 76 46 
APM Operators, Ltd. 

(formerly Allan Pot- 


ash Mines, Ltd.).... Allan 1.50 91 
Alwinsal Potash of Can- 

ada, Ie Lanigan..... 1.00 .60 
Duval Corp. of Canada. Saskatoon-.. 1.20 73 
Cominco _.....--- Vanscoy....- 1.20 72 


Central Canada Potash 

Co., Ltd. (formerl 

Potash Division o 

Noranda Mines, 

Eta, eck Vicount. .... 1.50 .90 
Sylvite of Canada, Ltd. Rocanville... 1.20 73 


ff ⁵³ AA 13.68 8.32 


The Saskatchewan Government's Potash 
Conservation Regulations of 1969 which re- 
quire producers to obtain licenses for pot- 
ash production and disposal went into ef- 
fect January 1, 1970. The Minister of 
Mineral Resources, with guidance from a 
three- member Potash Conservation Board, 
determines productive capacities, rates of 
production and disposal, prices, and other 
matters concerning potash. Specific regula- 
tions were issued for each mine. The mini- 
mum sale price for potassium muriate was 
set at 33.75 cents (Canadian) per unit of 
KəO equivalent, corresponding to $20.25 
(US $18.75) per ton of muriate containing 
60 percent K5O. The Board's quarterly 
market allotments of potash for the indus- 
try in 1970, based on K20 equivalent, were 
965,000 tons for the first quarter, 948,000 
tons for the second quarter, 665,000 tons 
for the third quarter, and 805,000 tons for 


the fourth quarter, totaling 3.383 million 
tons. The regulations were slightly revised 
effective July 1, 1970. The section dealing 
with licenses for potash disposal was re- 
scinded. Licenses to produce potash were is- 
sued on an annual basis, but subject to 
quarterly review. 

Potash production quotas for the portion 
of the industry on stream in 1970 totaled 
3.45 million tons of K20 equivalent (in- 
cluding allowances of 91,895 tons for stor- 
age purposes) and represented 45.5 percent 
of the total rated capacity. By companies 
and in terms of K20 equivalent, the pro- 
duction quotas were as follows: IMC, 
1,130,952 tons (48.5 percent capacity); Kal- 
ium, 383,226 tons (40.9 percent capacity) ; 
PCA, 237,644 tons (51.7 percent capacity) ; 
APM Operators, 479,699 tons (52.6 percent 
capacity); Alwinsal, 235,926 tons (39.3 per- 
cent capacity); Duval, 303,664 tons (41.5 
percent capacity); Cominco, 317,808 tons 
(44.1 percent capacity); and Central Can- 
ada Potash, 364,776 tons (40.5 percent 
capacity) .3 

Cominco, Ltd.’s potash mine at Vanscoy 
was accidentally flooded with water, the 
breakthrough reportedly occurring in the 
shaft during routine grouting operations to 
stop seepage well below the water-laden 
Blairmore Formation.4 

Allan Potash Mines changed its name to 
APM Operators, Ltd., effective January 1. 
The new firm is owned by Swift Canadian 
Co., Ltd. (20 percent), Texas Gulf Potash 
Co., a subsidiary of Texas Gulf Sulphur 
Co. (40 percent), and U.S. Borax & Chem- 
ical Corp. (40 percent). 

Noranda Potash Division of Noranda 
Mines, Ltd., also changed its name to Cen- 
tral Canada Potash Co., Ltd.; Noranda 
owns 51 percent of the new firm, and Cen- 
tral Farmers Fertilizer Co. owns the re- 
mainder. 

Germany, East.—VEB Kombinat Kali's 
new potash facilities near Zielitz in the 
Wolmirstedt district are scheduled to start 
production early in 1972. The Calvórde-1 
refinery will process potash ore from a 
nearby mine. Two shafts are being sunk to 
a depth of 800 meters to permit the ex- 
traction of sylvinite from the Rónnenberg 


3 Koepke, W. E. Potash. Canadian Min. J., 
92, February 1971, pp. 145-147. 

A Mining in Canada. Potash Production Quotas 
Assured. October 1970, p. 7. 


POTASH 


Table 13.—Marketable potash: World 
production, by countries 
(Thousand short tons K:0 equivalent) 


Country ! 1968 1969 1970» 
Canada r2,971 3,492 3,424 
Congo (Brazzaville)... ...... 45 e 269 

BNC ds 2,047 2,186 «2,110 
Germany: 

EAS t r 2,528 2,586 2, 600 
West 2,823 2,895 2,916 
Israel 403 366 583 
Itäly cee e o r 255 280 251 
Spain 679 701 656 
DR A 3,439 3,505 4,905 
United States 2,722 2,804 2,729 
Total 17,867 18,810 20, 443 

e Estimate. p Preliminary. r Revised. 


1 Chile also produces potash-bearing nitrate com- 
pounds, but data on K: O equivalent are not available 
and quantity is relatively small. 


horizon. Reserves of 16 to 17 percent KO 
ore in the district are estimated at 77 mil- 
lion short tons. The company is also sink- 
ing new shafts at Kaiseroda, Hámbach, 
and a site near Bad Salzungen to supple- 
ment production from its existing mines. 
Output of marketable potash salts is ex- 
pected to exceed 3.3 million tons of KO 
cquivalent by 1975.5 

Germany, West.—Badische Anilin & Soda 
Fabrik A.G. (BASF) purchased a 95-per- 
cent interest in Wintershall A.G., 
Celle/Kassel, which produces half of the 
West German output of potash. BASF also 
acquired a 25-percent interest in Salzdet- 
furth A.G. of Hanover, which supplies 35 
percent of the country's potash output. 


963 


The remainder of the West German out- 
put of potash is produced by Kali-Chemie 
A.G. of Hanover.e 

Israel.—Dead Sea Works, Ltd., has ca- 
pacity to produce over 1.1 million short 
tons of potassium chloride (KCl) annually 
at Sodom. The company has three refiner- 
ies: Plant A, built in 1953 and subse- 
quently expanded, has a capacity of 
220,000 tons of KC1; plant B, on stream 
since 1964 has a capacity of 441,000 tons of 
KCl; and plant C, finished in October 
1969, has a capacity of 441,000 tons of 
KCl. An additional 220,000 tons of KCl 
capacity can be obtained with a moderate 
investment for expansion of facilities.7 

Poland.—Poland recently became Eastern 
Europe's largest consumer of potash salts, 
using about 1 million short tons of K0 
equivalent annually. This large consump- 
tion of potash may expedite the develop- 
ment of domestic deep-lying potash depos- 
its discovered in 1963 near Gdansk. The 
Zechstein Formation near there contains a 
zone of polyhalite up to 39 meters in 
thickness analyzing 7 to 12 percent K20. 
Drilling showed the existence of more than 
350 million tons of potash ore; the potash 
minerals are believed to be kieserite, car- 
nallite, and sylvite. The formation also ex- 
tends under the Baltic Sea. A ground 
product suitable for direct application to 
soils will be produced initially. Output is 
expected to begin in 1973.8 


TECHNOLOGY 


Potash was suspected to exist in the 
thick salt beds of the Michigan Basin in 
the lower peninsula of Michigan for many 
years. A strong hunch, a few clues, and 30 
years of persistence led Raymond J. Ander- 
son, a Dow Chemical Co. engineer, and a 
team of other Dow specialists to the dis- 
covery of that potash, Although the depos- 
its are lower grade and deeper than those 
mined in New Mexico, Utah, and Sas- 
katchewan, they add substantially to the 
world resource of potash which may even- 
tually become commercial. 

Considerable geologic and drill-hole data 
were studied in the search for potash. The 
deposits, consisting of bedded sylvinite, a 
mixture of sylvite (KCl) and halite 
(NaCl), were found to exist near the mid- 
dle of the A-1 basal salt member of the 
Silurian age Salina Group and underlie ap- 


proximately 13,000 square miles of the 
Michigan Basin.10 

In one of the studies, 120 samples of 
core were taken between the depths of 
8,287 and 8,392 feet from a well at Mid- 
land in Midland County, and were ana- 


5 Phosphorus and Potassium. New Plants and 
Projects. No. 50, November-December 1970, p. 
60 


€ Bureau of Mines. Mineral Trade Notes. V. 
67, No. 7, July 1970, D 32-33, 

7 Phosphorus and Potassium. Dead Sea Works 
Now Among World's Largest Potash Producers. 
No. 46, March-April 1970, pp. 45-47. 

8 Industrial Minerals (London). Poland—Potash 
To Be Mined On en Scale, No. 31, April 
1970, pp. 43-44 

° Dow Diamond. A Geologic Detective Story— 
Dow Scientists Identify Potash Deposits. The Dow 
Chemical Co., v. 33, Fall 1970, pp. 28-30. 

10 Matthews, R. David ( The Dow Chemical 
Co.). The Distribution of Silurian Potash in the 
Michigano 4 Dp. 6th Forum on Geol. of Ind. 
Min 
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lyzed for potassium and also bromine. 
High bromine content had been known to 
indicate the presence of potassium. The 
samples ranged from less than 50 parts per 
million to 1,600 parts per million in bro- 
mine and from less than 0.5 percent to 
more than 40 percent K20. The 92-foot in- 
terval of core between the depth of 8,295 
and 8,387 feet was found to average ap- 
proximately 4 percent K20. Three 5- to 
15-foot sections within the interval con- 
tained appreciably higher grade material. 
The sylvite occurrence is unusual in that 
magnesium and potassium sulfate were not 
present in appreciable quantities.11 A well 
drilled in Kent County was found to con- 
tain a 6.2-foot bed averaging 7.3 percent 
KCl at a depth of 5,045 feet. The thickness 
of this deposit was calculated from data on 
potassium analyses of the drill fluid and 
the rates of drilling and pumping. The re- 
sults were later confirmed by gamma ray 
log, an inexpensive method for detecting 
potassium materials.12 

Canada's newest potash producer, Sylvite 
of Canada, Ltd., a Division of Hudson Bay 
Mining & Smelting Co. Ltd., will use a 
Marietta four-rotor, crawler-mounted, self- 
propelled mining machine to mine potash 
when the mine, 10 miles from Rocanville, 
Saskatchewan, comes on stream in 1971. 
Room-and-pillar method of mining will be 
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used with extraction at about 35 percent. 
The machine is 39 feet long, weighs 250 
tons, and is the largest of its kind. It is ca- 
pable of cutting and loading 11.5 tons of 
ore per minute, cutting to a height of 8 
feet, advancing a full face of 180 square 
feet at the rate of 1 foot per minute, and 
towing an extensible conveyor composed of 
200-foot sections. The broken ore will be 
transported from the rear of the boring 
machine to the extensible conveyor for de- 
livery to the panel conveyor, and then in 
turn to the main conveyor for delivery to 
the storage silos at the shaft.13 

The Bureau of Mines published a report 
that reviews the development of the world 
potash industry, analyzes trends leading to 
potash oversupply and low prices, and 
compares the economics of United States 
and Canadian potash production.14 


11 Anderson, Raymond J., and G. C. Egleson. 
Discovery of Potash in the A-1 Salina Salt in 
Michigan. 6th Forum on Geol. of Ind. Min., 
1970, 5 pp. 

12 Anderson, Raymond J., and E. C. Majeske. 
Detection of Potash Zones by Drilling Fluid 
5 6th Forum on Geol. of Ind. Min., 1970, 


pp. 

13 Benson, Norman. Sylvite of Canada Newest 
Potash Producer. Western Miner., v. 43, No. 11, 
November 1970, pp. 30-38. 

li Bureau of Mines Staff (Intermountain Field 
Operations Center, Denver, Colo.). The United 
States Position and Outlook in Potash. BuMines 
Inf. Cir. 8487, 1970, 47 pp. (For sale at U.S. 
Government Printing Office, Washington, D.C. 
20402, at 50 cents per copy.) 


Pumice 


By Arthur C. Meisinger * 


A slump in U.S. construction activity in 
1970 was reflected in the sales and con- 
sumption of pumice. The quantity and 
value of pumice sold and used was 3.1 
million short tons and $4.7 million, respec- 


DOMESTIC 


Domestic production of pumice, pumi- 
cite, and volcanic cinder in 1970 was 
475,000 short tons and $355,000 lower than 
in 1969. The decrease of 13 percent in 
quantity and 7 percent in value was pri- 
marily a result of the decline in U.S. con- 
struction activity, particularly in the area 
of road construction and maintenance. 
Volcanic cinder comprised 85 percent of 
U.S. output. 

A more pronounced economic measure 
of the state of the pumice industry in 
1970 was reflected in the decline in the 
number of operators and operations—46 
fewer operators and 48 fewer operations 
than in 1969. Domestic output came from 
96 firms, individuals, and governmental 
agencies producing from 123 operations in 
15 States. Production in American Samoa 


tively. Production was the lowest in 6 
years and represented a 13-percent decrease 
in quantity and a 7-percent decrease in 
value compared with that in 1969. 


PRODUCTION 


was from one mine operated by the Sa- 
moan Government. 

Oregon with a 21l-percent increase in 
output over that of 1969 replaced Arizona 
as the leading producer. The combined 
output of both States accounted for 60 
percent of the national total. California, 
Hawaii, and New Mexico had significant 
output; however, the quantity produced in 
each State was lower than that of 1969, 
particularly for California. California had 
the largest number of active operations 
(33), followed by Arizona with 24, and 
Hawaii with 19. Only volcanic cinder was 
produced in Arziona, Kansas, North Da- 
kota, Texas, and American Samoa. 


1 Industry economist, Division of Nonmetallic 
Minerals. 


Table 1.—Pumice, pumicite, and volcanic cinder sold or used by producers in the 
United States 1 


(Thousand short tons and thousand dollars) 


" Pumice and pumicite Volcanic cinder Total 
ear 

Quantity Value Quantity Value Quantity Value 
1966 549 $2,629 2,669 $4,136 8,218 36, 765 
¡AAA 116 ,446 2,670 3,685 3,446 5,131 
KL EENS 481 1,360 3,049 4,210 3,530 5,570 
196899. 598 1,849 8,011 8,701 3,609 5,050 
19770 478 1,222 2,656 8,473 3,134 4,695 


1 1966 value f.o.b. mine or grinding plant; 1967-70 values f.o.b. mine. 
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Figure 1.--Pumice sold or used by producers in the United States, by uses. 
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Table 2.—Pumice, pumicite, and volcanic cinder sold or used by producers in the 
United States, by States 
(Thousand short tons and thousand dollars) 


1969 1970 
State - : 

Quantity Value Quantity Value 
EIERE 910 $814 824 $627 
Sies es a u 866 1,229 491 841 
, . isis 42 292 W W 
BOWE ooo ek d ne oak 408 788 850 933 
r ³·˙ 8 21 62 41 83 
Montanna˖zgz no. 134 102- „4 
Ned ĩðâ rs 83 188 80 191 
New Mexico 226 415 208 442 
J))! seen ee ees EE 876 1,189 1,061 1,252 
A oes -l eee us ELE. 10 21 W W 
Other States JJ)))jʒ 2c c LLL lll. 39 66 85 825 
rr a a 8,609 5,050 3,134 4,695 
American Samoa 2 5 2 6 


W Withheld to avoid disclosing individual com any confidential data; included with “Other States.” 


1 Colorado (1970), Kansas, Nebraska, North 
and Wyoming (1969). 


akota (1970), Oklahoma, Texas, Utah (1970), Washington, 


2 Data may not add to totals shown because of independent rounding. 


CONSUMPTION AND USES 


Road construction accounted for 53 per- 
cent of U.S. consumption of pumiceous 
materials, thé same percentage as in 1969; 
concrete admixtures and aggregates, 29 
percent; tailroad ballast, 11 percent; and 
abrasive materials and miscellaneous uses, 


7 percent. Compared with consumption the 
previous year, use in road construction de- 
creased 13 percent; use in concrete, 4 per- 
cent; and use in railroad ballast, 22 per- 
cent. 


Table 3.—Pumice, pumicite, and volcanic cinder sold or used by producers in the 
United States, by uses 
(Thousand short tons and thousand dollars) 


1969 1970 
Use | 
Quantity Value Quantity Value 
Abrasive—Cleaning and scouring compounds. 14 $19 17 $22 
Concrete admixture and concrete aggregate.. 937 1,852 898 1,954 
Railroad beilast .....-.----------------- 463 877 862 192 
Road construction (includes ice control and 
maintenancteddꝛ»vyꝓp 1m. 1.912 1.910 1. 666 1,683 
Other uses oo. 283 892 1 844 
Total; uc ug y AS 8,609 5,050 8,194 4,695 


1 Includes miscellaneous abrasive uses, asphalt, heat- or cold-insulating medium, landscaping, roofing, and 


neous uses. 


2 Data may not add to totals shown because of independent rounding. 


PRICES 


The average value for both crude and 
PM pumice sold and used increased 

19760. Crude pumice was $1.14 per ton 
compared with $1.11 in 1969, and prepared 
pumice was $2.15 per ton compared with 
$1.85 in 1969. The weighted average value 
of pumice and volcahic cinder increased 
from $1.40 pér ton in 1969 to $1.50. The 
average 1970 price per ton for pumice 
used in cleaning and scouring compounds 
was $1.33, 4 decrease of $0.08 from the 


1969 price; for concrete admixtures and 
aggregates, $2.18, a $0.20 increase; for rail- 
road ballast, $0.53, a $0.28 decrease; for 
road construction, $1.01, a $0.01 increase; 
and for other uses, including landscaping 
and roofing, $4.39, a $1.24 increase. 

Prices were quoted nominally in trade 
publications. Quotations in Oil, Paint and 
Drug Reporter remained unchanged from 
1969, and are as follows per pound, bags, 
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in ton lots: Domestic, fine, $0.0460 to 
$0.0487; domestic, medium, $0.0510; domes- 
tic, coarse, $0.0460; imported (Italian), silk 
screened, coarse, $0.06 to $0.076; fine, im- 
ported, $0.05; and bagged, imported (Ital- 
ian), sun-dried, fine and coarse, $91 per 
ton. 
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The American Paint Journal quoted the 
following prices at yearend for pumice 
stone per pound, in barrels f.o.b. New 
York or Chicago: Powdered, $0.0445 to 
$0.08, and lump, $0.0665 to $0.09. These 
prices are slightly higher than those in 
1969. 


FOREIGN TRADE 


Pumice exports to 13 countries were sub- 
stantially less (43 percent) than exports in 
1969; however, total value of exports de- 
creased only 9 percent. 

Pumice imports of more than 365,000 


short tons were 5 percent less than those. 


in 1969, owing primarily to a decrease in 
pumice used in the manufacture of con- 
crete masonry. Most of the imports contin- 
ued to come from Greece and Italy. Im- 
ports classed as crude or unmanufactured 
increased 26 percent from 8,424 tons in 1969 
to 10,639 tons, and pumice classed as 
wholly or partly manufactured increased 
134 percent to 2,931 tons. Pumice imports 
used in the manufacture of concrete ma- 
sonry products declined 6 percent from 
374,606 tons in 1969 to 351,750 tons. 

Pumice stone, TSUS No. 519.05, for use 
in concrete products, continued to be ad- 
mitted into the United States duty-free. In 
accordance with the “Kennedy round” agree- 
ments, the duty on other pumice products 


was again reduced on January 1, 1971. Du- 
ties were as follows: TSUS No. 510.11, 
crude or crushed pumice, value not over 
$15 per ton, 0.025 cent per pound; TSUS 
No. 519.14, crude or crushed pumice, value 
over $15 per ton, 0.045 cent per pound; 
TSUS No. 519.31, grains or ground, pulver- 
ized or refined, 0.21 cent per pound; and 
TSUS Nos. 519.93 and 523.61, millstones, 
abrasive wheels, and abrasive articles, 
n.s.p.f., and articles, n.s.p.f., 8 percent ad 
valorem. 


Table 4.—U.S. exports of pumice 


Value 
Year Short tons (thousands) 
196ĩ74“4 343 $64 
1968... ........- 624 54 
1989.2 8 533 177 


Eeer 304 70 


1 Adjusted by Bureau of Mines. 


Table 5.—U.S. imports for consumption of pumice, by class and countries 


Used in the manufacture Manu- 


Crude or Wholly or partly of concrete masonry factured 
unmanufactured manufactured products n. s. p. f., 
Country 
Value Value Value Value 
Short tons (thou- Short tons (thou- Short tons (thou- (thou- 
sands) sands) sands) sands) 
1969: 

Austria PYP 4 $15- geseis SE $19 
Greece......... . TELLS EE 203,977 $381 NT 
Italy........... 8,424 r $60 1,250 34 170,629 388 20 
Other coun- 

tries ll. AINS 1 Lo uz "T 22 

Total... 8,424 60 1,255 50 374,606 769 61 

1970: 

Greece......... 22 1 n. 203,066 423 EON 
Italy........... 8,776 63 2,929 126 147,784 850 24 
Leeward and 

Windward 

Islands 1,841 Jo — ws "m 900 3 ed 
Other coun- 

tries : aac 2 0)  ------- ae 5 

Total... 10,639 74 2,931 126 351,750 776 29 

r Revised. 


1 Canada, Hong Kong, Japan, Malagasy Republic, Mexico, and West Germany. 
2 Canada, Hong Kong, United Kingdom, and West Germany. 


3 Less than Ae unit. 
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WORLD PRODUCTION 


Table 6.—Pumice and related volcanic materials: World production, by countries 
(Thousand short tons) 


Country ! 1968 | 1969 1970 » 
Afgentiha? ß ta 14 33 e 33 
Austria: Pozzolan.. .............-- 2.2.2222 .22222222.2.-2- 20 20 22 
Cape Verde Islands: Pozzolan...........................- 9 20 26 
Chile: Pozzolan_.....-...----...---.---«-----------«--- 172 193 179 
is IA A ͥt t EE e 60 61 e 60 
France: 
FFF] ˙¹wmqAñꝶ⁵ʃĩ cade te wes cle ee 1 1 el 
Pozzolan and lap illi r 800 e 800 e 800 
Germany, West (marketableꝛ ) 3,926 4,410 4,644 
Greece: 
¡Ss AA SA 312 425 445 
POLLO iia 524 617 599 
Guadeloupe: Tuff (pozzolanic) 3ʒʒ 35 39 e 40 
5 Volcanic ash (for eement) -.------------- 46 50 e 50 
Italy 
A EE 702 2 837 e 840 
AS 100 110 110 
CCC a ii ee 4,727 4,756 e4,760 
Martinique: Pumice? 4... ooo 17 e20 
New Zealand. conc a 18 21 21 
SOG A ñ rͤ . x au RR 187 255 e 250 
United Arab Republic eee r9 (6) (6) 
United States (sold or used by producers): 
Pumice and poumieite 481 598 478 
Volcanic einder 3,070 3,013 2,658 
JJ! ³·¹ ¹¹1 een ELT MESI c r 15,230 16,279 16,036 
e Estimate. p Preliminary. r Revised. 


1 Pumice is also produced in Iceland, Iran, Japan, Mexico, Turkey, and the U.S.S.R. (sizable quantity), 
but data on production are not available. Japan's last available output figure was 110,000 tons in 1958. 

2 Unspecified volcanic materials produced mainly for use in construction products. 

3 Data converted from cubic meters on basis of estimated specific gravity of 1.0 for pumice and tuff. 

4 Output of material previously reported as tuff may actually represent calcareous tufa, and has been omit- 
ted pending clarification by source. 

5 Includes Canary Islands. 

6 Less than 2% unit. 

7 Includes American Samoa. 
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Rare-Earth Minerals and Metals 


By Robert F. Griffith? 


Rare-earth oxide (REO) contained in 
1970 output of bastnaesite and monazite 
concentrates fell about 24 percent below 
that of 1969, Bastnaesite production de- 
creased 26 percent while production of 
monazite concentrate increased 6 percent. 
Rest-of-the-world production of monazite 
concentrate, about 7,660 tons of contained 
REO, approached the record-high 1962 
level. Domestic consumption of rare-earth 
minerals and concentrates was 11,500 tons 
of contained REO. Shipments of rare-earth 
products to domestic consumers, including 
reprocessed material from intracompany sec- 
ondary plants, from the principal rare- 
earth processors was about 7,500 tons REO 
valued at $12.7 million, compared with 
8,820 tons worth nearly $19 million in 
1969. Use in petroleum cracking catalysts 
accounted for 45 percent of the volume. 


Sales of yttrium oxide and europium oxide 
for use in color television phosphors ac- 
counted for about 20 percent of the value. 

Legislation and Government Programs. 
—Rare-earth elements were removed from 
the list of strategic and critical materials 
in March 1970. Plans were formulated to 
offer for sale, the resultant surplus Govern- 
ment stocks at an annual rate not to ex- 
ceed 1,250 short tons of REO equivalent; 
625 tons each in July and December. As of 
December 31, Government stocks consisted 
of 13,337 tons of REO equivalent in the 
following forms: Monazite, 5,088; bastnae- 
site, 3,243; sodium sulphate, 4,249; chlorides, 
653. During the year, General Services Ad- 
ministration (GSA) sold 184 short dry 
tons of contained REO in rare-earth so- 
dium sulphate. 


DOMESTIC PRODUCTION 


Concentrate.—The Mountain Pass, Calif., 
bastnaesite operation of Molybdenum Cor- 
poration of America (Molycorp) , operating 
at about 45 percent of the yearly through- 
put capacity of 450,000 tons of ore, pro- 
duced 10,037 tons of REO in flotation con- 
centrate from 204,400 tons of ore. Output 
was at a lower rate than in 1969 to corre- 
spond with lower sales.2 The company an- 
nounced that a drilling program in 1970 in- 
creased proven ore reserves from 3.3 million 
tons averaging 8.2 percent REO to 6.5 mil- 
lion tons containing 8.6 percent REO. 
Probable reserves were stated to be much 
larger. The firm continued studies on the 
feasability of recovering yttrium and the 
heavy rare earths from tailings at the iron 
ore property of Republic Steel Corp. at 
Mineville, N.Y. Humphreys Mining Co. re- 
covered monazite, containing about 55 per- 
cent REO, as a byproduct of titanium 
minerals and zircon from an ancient beach 
deposit controlled by E. I. du Pont de 


Nemours & Co., Inc., near Folkston, Ga. 
Under the firms land restoration program, 
more than 300 acres of mined land have 
been replanted or converted to recreation 
lakes and water storage areas. Production 
(shipments) was 6 percent greater than in 
1969. On the other hand, minor production 
of low-grade monazite concentrate by Cli- 
max Molybdenum Co. from molybdenum 
mining at Climax, Colo., was discontinued. 


Titanium Enterprises, a joint venture of 
American Cyanamid Co. and Union Camp 
Corp., continued construction of mining 
and milling facilities to exploit a large 
heavy mineral sand deposit near Green 
Cove Springs, Fla. Production of titanium 
minerals, zircon, and monazite is scheduled 
to begin in July 1972. Mining plans in- 


1 Physical scientist, Division of Nonferrous Met- 


als. 
2 Molybdenum Corporation of America. 1970 


Annual Report. Mar. 26, 1971, 12 pp. 
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clude a land reclamation program to im- 
prove the aesthetics of the area by creation 
of man-made lakes, by land grading and 
contouring, and by replacement of trees 
and topsoil. 

Kerr-McGee Chemical Corp., a subsidiary 
of Kerr-McGee Corp., conducted pilot plant 
tests on a large heavy-mineral placer de- 
posit in Western Tennessee. The minerals 
of economic interest are rutile, ilmenite, 
monazite, and zircon. 

Compounds and Metals.—Production of 
rare-earth compounds at the solvent ex- 
traction plant of Molycorp at Mountain 
Pass increased 13 percent in terms of con- 
tained REO. Value of production declined 
because of the drop in output of euro- 
pium oxide used in color television phos- 
phors. The company’s solvent extraction 
plant at Louviers, Colo., continued to pro- 
duce high-purity yttrium, lanthanum, and 
gadolinium oxides, while plants at York 
and Washington, Pa., produced rare-earth 
compounds for petroleum cracking catalysts 
and rare-earth silicide for steel manufac- 
ture, respectively. Large-scale output of 
99.9 percent cerium oxide began in 1970 
from a new unit at the York, Pa., plant. 
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Other major rare-earth processors in- 
cluded Lindsay Rare Earths, Kerr-McGee 
Chemica] Corp., West Chicago, Ill., and W. 
R. Grace & Co., Davison Chemical Divi- 
sion, Chattanooga, Tenn., and Pompton 
Plains, N.J. The former company received 
the President’s Award for Safety in 1970, 
under the corporate safety program. Con- 
sumption of monazite at the Chattanooga 
plant of W. R. Grace & Co., currently the 
largest domestic processor of monazite, in- 
creased 50 percent in 1970. Smaller produ- 
cers of rare-earth compounds and metals 
were: Atomergic Chemetals Co., Division 
of Gallard-Schlesinger Chemical Manufac- 
turing Corp., Carle Place, N.Y.; Michigan 
Chemical Corp., St. Louis, Mich; Research 
Chemicals, Division of Nuclear Corporation 
of America, Phoenix, Ariz.; Ronson Metals 
Corp., Newark, N.J.; and Transelco, Inc., 
Penn Yan, N.Y. Besides the Molcorp Lou- 
viers Colo. plant, other producers of yt- 
trium oxide and metal were: W. R. Grace, 
Kerr-McGee, Michigan Chemical, Gallard- 
Schlesinger, and Nuclear Corp. 

Ronson Metals and American Metallurg- 
ical Products were the only two domestic 
producers of mischmetal and other pyro- 
phoric alloys. 


CONSUMPTION AND USES 


Consumption of REO contained in raw 
materials as reported by domestic chemical 
processors in 1970 was about 11,500 short 
tons. Bastnaesite consumption by chemical 
processors decreased 28 percent while con- 
sumption of monazite concentrate doubled 
for the second consecutive year. 

Shipments of rare-earth products from 
primary processing plants to domestic con- 
sumers totaled about 6,270 tons REO val- 
ued at $11 million. This quantity includes 
intracompany shipments but does not in- 
clude products derived from reprocessed 
shipments at secondary plants. The follow- 
ing estimated quantitative percent distribu- 
tion of uses of rare-earth products in all 
forms (REO equivalent) is based on ship- 
ment information supplied by primary 
processors: Petroleum catalysts, 45; glass 
polishing, 25; ductile iron and steel, other 
alloys, and lighter flints, 15; arc light car- 
bons, 7; glass additives, 6; research and de- 
velopment and other uses, 2. Shipments of 
yttrium and europium oxides, although ac- 
counting for about 20 percent of total 


value, decreased by more than 50 percent 
and represented considerably less than I 
percent of total weight of shipments. 

The manufacture of petroleum cracking 
catalysts containing rare-earth zeolite (mo- 
lecular sieve) as the active compound con- 
tinued as the largest use, although declin- 
ing in 1970 as most petroleum refineries 
completed the conversion to rare-earth cat- 
alysts. 

The decline in use of rare-earth oxides 
for polishing plate glass was offset by an 
increase in demand for polishing eye- 
glasses, television tubes, camera lenses and 
mirrors. Glass additive applications in- 
creased, largely because of commerciali- 
zation of an economical method of using 
cerium as a decolorizer of glass containers. 

Metallurgical applications of rare-earth 
elements increased significantly in 1970. 
Mischmetal and rare-earth silicides were 
the forms most commonly used to add the 
rare earths to ductile iron and steel to 
promote ductility, to improve impact and 
yield strength and formability, and for the 
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deoxidation and desulfurization of contin- 
uously cast and high-strength steels. Ferro- 
cerium lighter flints containing as much as 
25 percent iron accounted for the largest 
use of mischmetal. Because ferrous and 
nonferrous alloys ore increasingly impor- 
tant markets for rare-earth elements, dis- 
cussions of applications, technology, and 
effects of rare earths in these alloys were 
published in 1970.8 The results of a study 
on present and future uses of rare earths 
was also published in 1970.4 

Binary alloys of cobalt with cerium, 
praseodymium, samarium, lanthanum, or 
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yttrium were used in the manufacture of 
high-energy-product high-coercive-force per- 
manent magnets for magnetic circuit appli- 
cations replacing Alnico and platinum- 
cobalt magnets. 

Cubic crystals of yttrium aluminum gar- 
net (YAG) because of transparency, hard- 
ness, and high refractive index were used 
as gem stones subsituting for diamonds in 
jewelry. YAG, partially replaced (doped) 
with small quantities of neodymium or er- 
bium to control wave lengths, was used as 
laser rod material in manufacturing, med- 
ical, military, and scientific applications. 


STOCKS 


Bastnaesite concentrate held at yearend 
by the sole producer and by the principal 
processors, although increasing by about 
900 tons of REO, represented less than 2 
months supply at the 1970 consumption 
rate. Monazite concentrate, held mostly by 
two chemical processors, decreased 17 per- 
cent in 1970. Yttrium oxide stocks held by 


eight firms increased 53 percent, while 
stocks of europium oxide reported by two 
companies remained at the 1969 level. 
Mischmetal stocks held by the two pro- 
ducers and stocks of high-purity metal held 
by five firms, in all, showed little change 
in 1970. 


PRICES 


The unit value of domestic monazite 
concentrate production remained firm at 
$180 per short ton while monazite sand 
was quoted in Metals Week at $180 to 
$200 per long ton, nominal. Prices for Aus- 
tralian monazite, minimum 60 percent 
REO plus ThO>, quoted in Metal Bulle- 
tin (London) remained at £75 to £85 
($180 to $204) c.i.f. per long ton through 
mid-October, then rose to £80 to £90 
($192 to $216) for the remainder of the 
year. The average declared value of im- 
ported monazite concentrate ranged from 
$131 to $142 per long ton. 

Bastnaesite Concentrate.— Unleached, 
leached, and calcined bastnaesite contain- 
ing 55 to 60, 68 to 72, and 85 to 90 per- 
cent REO, was quoted at 30, 35, and 40 
cents per pound of REO, respectively, f.o.b. 
Mountain Pass, Calif (truck), or Nipton, 
Calif. (rail), in 100-pound paper bags or 
55-gallon steel drums in truckload or car- 
load lots. Malaysian xenotime concentrate 
with a minimum of 25 percent YO, was 
quoted throughout the year in Industrial 
Minerals (London) at $2 to $3 per pound 
of Y,O,. 


Cerium oxide, 99.9 percent purity, be- 
came available in truckload lots at a re- 
duced price of about $1.25 per pound f.o.b. 
plant. Quoted prices per pound f.o.b. plant 
on certain rare-earth compounds (commer- 
cial grade) were as_ follow: Mixed 
rare-earth oxides, 88 to 92 percent REO, 
$0.45; chlorides, $0.29; fluorides, $0.90; car- 
bonates, $0.55; nitrates, $0.48; hydrates, 
$0.50. 

Prices quoted by the principal producers 
for individual rare-earth oxides and metals 
are shown in table 1. 

Compounds of didymium, a natural 
mixture of rare-earth elements less cerium, 
were quoted by one producer in 100-pound 
lots per pound as follow: Oxide, $1.30; 
chloride, $0.36; fluoride, $1.00; carbonate, 
$0.85; and hydrate, $1.25. 


3 Hirschhorn, I. S. Recent Applications of the 
Rare Earth Metals in Nonferrous Metallurgy. J. 
Metals, v. 22, No. 10, October 1970, pp. 40-43. 

Kippenhan, Nancy, and Karl A. Gschneidner, 
jr. Rare-Earth Metals in Steels. Molybdenum 
Corp. of America, Institute for Atomic Re- 
search, Ames, Iowa, March 1970, 61 pp. 

* National Materials Advisory Board. Trends in 
Usage of Rare Earths. NMAB-266, National 
Technical Information Service. Springfield, Va., 
October 1970, 67 pp. 
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Prices for yttrium products of 99.9 per- 
cent purity in commercial quantities were 
quoted per pound as follow: Oxalate, 
$13.00; nitrate, $10.00; chloride, $19.00; and 
garnet, $32.00. Yttrium phosphor of 99.99 
percent purity was quoted at $36.00 per 
pound, refractory yttrium (95 percent) 
$30.00 and yttrium crystal (99.999 percent) 
$200. 

Quoted prices on l-pound ingots in 50- 
to 100-pound lots of 99.9 percent pure 
mischmetal and cerium-free mischmetal re- 
mained at $3 and $5, respectively, while a 
mixture of praseodymium and neodymium 
metal of 97 percent purity was quoted at 
$15 per pound. Rare-earth silicide contain- 
ing 30 to 35 percent rare earths was 
quoted $0.44 per pound f.o.b. plant. 

Prices for rare-earth-cobalt permanent 
magnet alloys in quantities of 10 to 100 
pounds were quoted in 1970, per pound of 
single phase alloy, as follow: Cerium, $58.50; 
lanthanum, $60.25; praseodymium, $82.40; 
and samarium, $95.36. Substantially re- 
duced forecast prices based on contract 
quantities for delivery within specified pe- 
riods were quoted by a leading producer. 
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Cerium metal, 99 percent pure, delivered 
in the United Kingdom, remained at f7 
($16.80) per pound, nominal. 


Table 1.—Prices of high-purity oxides and 
0 


metals in 1 1 
A PREMO Pe 
Oxide 2 Metal 3 
(price, (price, 
Element ollars ollars 


Ceriu m $1.50 $30.00 
Lanthanum. ..........- 8.75 35.00 
Praseodymium......... 82.00 175.00 
Neodymium..........-- 13.00 110.00 
Samarium.............- 80.00 145.00 
Eur opium 415. 00 32. 

Gadolinium ..........- 45. 00 2, 200. 00 
Terbiu m 280: 00 700. 00 
Dysprosium...........- 53.00 140.00 
Holmium. .........-.-.- 140.00 285.00 
Erbium 60. 00 310. 00 
Thulium.............-- 1,200.00 2,750.00 
Ytterbium. mn 100.00 285.00 
Lutetium. mn 2,300.00 , 500. 

VttGrium . . 30.00 145.00 


1 Lower prices are available for contract quantities 
within specified periods. 

2 Minimum of 99.9 percent purity in 25- to 50- 
pound containers. 

3 Minimum 1 pound. 


FOREIGN TRADE 


Exports of ferrocerium and other pyro- 
phoric alloys to 19 countries totaled 77,523 
pounds valued at $274,682, a quantitative 
decrease of 25 percent. Shipments to the 
United Kingdom-and Canada accounted for 
70 percent of the total. The unit value for 
exports of these materials ranged from 
$1.85 to $11.60 per pound. The increase in 
unit value of 30 cents to $3.70 per pound 
for these exports, compared with 1969, was 
caused in part by the higher value as- 
signed to many small shipments. Exports 
of bastnaesite concentrate are included in 
a basket category, nonmetallic minerals 
n.e.c. (TSUS No. 276.9800). According to 
the sole domestic producer, Molycorp, 
about 2.250 tons (REO content) was ex- 
ported in 1970. 

Imports of monazite sand, mostly from 
Australia and Malaysia, decreased 19 per- 
cent from the previous year, while a small 
quantity from Thailand equaled imports 
reported from Hong Kong in 1969. 

Cerium oxide imports from France to- 
taled 1,102 pounds valued at $2,351 and 
from Switzerland, 11 pounds of high-purity 
material worth $1,029, a significant drop 


imports 


from the total of more than 22,000 pounds 
imported in 1969. Imports of cerium chlo- 
ride from West Germany and Austria to- 
taled 800 pounds valued at $1,029, while 
of other cerium compounds, 
n.s.p.f., from West Germany decreased to 
500 pounds worth $1,788. 

Substantial quantities of mixed rare-earth 
chlorides resulting from the processing of 
monazite for thorium removal were im- 
ported from India and Brazil. This mate- 
rial is included in a basket category, mix- 
ture of two or more inorganic compounds, 
other (TSUS No. 423.9600); hence, ac- 
curate quantitative data are not avail- 
able. It is estimated that 580 short tons of 
REO equivalent was imported in this form 
in 1970. 

Imports of rare-earth metals are shown 
in table 3. These are high-value, specialty 
items with the exception of the imports 
from West Germany, which are believed to 
be shipments of didymium metal. The 
quantity and value of ferrocerium and 
other pyrophoric alloys decreased to 9,373 
pounds worth $53,885 compared with 1969 
receipts of 17,328 pounds valued at 
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$91,288. Japan supplied 81 percent of the 
quantity and value, followed by West 
Germany (1,022 pounds, $3,852), Austria 
(320 pounds, $1,700), Hong Kong (236 
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pounds, $1,527), Sweden 170 pounds, 
$418), France (36 pounds, $930), and the 
United Kingdom (18 pounds, $1,560). 


Table 2.—U.S. imports for consumption of monazite, by countries 


1966 1967 1968 1969 1970 
Country Value Value Value Value Value 
Short (thou- Short (thou- Short (thou- Short (thou- Short (thou- 
tons sands) tons sands) tons sands) tons sands) tons sands) 
Australia 1,542 3176 1.540 3195 2,810 we 2,478 3300 1,977 $251 
Germany, West. 24 4 24. "d ol 8 
Hong Kong._...... aaae ⁰ yd beet. deen. umen. dnce 167 20. iu meus 
Indonesia. 72 18 wee. aes, e. ĩͤ A aaa” pa 
Korea, Republic off. ..... 49 Tied, aaa abia. ote 8 
ays ia 785 92 278 38 1,514 195 1,561 174 1,307 157 
Nigeria. .................-- >- ----- 133 J3 . 19. . ' 42) wont ˙· A 
South Africa, Republic of 115 / abel, ³¹A allas” ua ces. Messe 
Thaland AA AR ⁰˙ůunmw RA 164 19 
Total..............- 2,442 277 2,091 270 4,867 563 4,206 494 3,448 427 
REO content _______._--- 1,840 XX 1,150 XX 2,400 XX 2,310 XX 1,900 XX 
e Estimate. XX Not applicable. 
Table 3.—U.S. imports for consumption of rare-earth metals 
(Including scandium and yttrium) 
1968 1969 1970 
Country | 

Pounds Value Pounds Value Pounds Value 

AGBUPR1IR ß Deus. ed „ 1 3704 

Germany, West 3,355 $13,516 33 343 5,150 

583 JJC 5 1. 070 254 $22,916 25 2,005 

C! ·¹ 7 5, 952 r 54 r 17,324 89 9,183 

United Kingdom 7 5,131 r7 r 6,724 16 8,731 

Total! 3,374 25, 669 r 315 r 46,964 474 20,773 

r Revised 


WORLD REVIEW 


Australia. Production of monazite con- 
centrate with an average grade of 90 pér- 
cent monazite continued at the record 
level set in 1969 of more than 4,000 short 
tons. Based on production data for coprod- 
uct heavy minerals through October, out- 
put of monazite concentrate for the year 
is estimated at 4,400 short tons. Consoli- 
dated 5 Goldfields (Australia) Pty., Ltd., 
through beneficial interests in Western 
Titanium N.L., and Associated Minerals 
Consolidated Ltd., was the principal pro- 
ducer. 

Burundi.—Production of bastnaesite con- 
centrate containing 68 to 70 percent rare- 
earth oxide was an estimated 330 short 
tons in 1970, about half the 1969 output. 
The concentrate was exported to France 
for processing. 


Table 4.—Monazite concentrates: World 
production, by countries 


(Short tons) 

Country ! 1968 1969 1970 p 
Australia r 3,590 4,397 4, 400 
Brazil... r1,864 2,204 92,200 
Ceylon.. -------------- 46 62 18 
Congo (Kinshasa) NA 196 158 

ndia A A 3,789 2,708 » 3, 800 
Malagasy Republic o O asa 
Malaysia ꝶ r 2,357 2,264 1,827 
Nigeria )) 1 e 10 
Thailand 44 72 119 
United States W W 

Total r 11,699 11,919 12,532 
e Estimate. p Preliminary. r Revised. 


NA Not available. W Withheld to avoid disclosing 
individual company confidential data. 

1 In addition to the countries listed, Indonesia and 
North Korea produce monazite, but information is in- 
sufficient to make reliable estimates of output levels. 

2 Year beginning April 1. 

3 Exports. 

5 Statistical Bulletin (Canberra, Australia). 
Minerals SR N Products. No. 10.19, Octo- 
ber 1970, 25 
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Canada.—Although production of yt- 
trium oxide from uranium milling by Deni- 
son Mines Ltd. declined to 73,000 pounds 
in 1970 from 86,100 pounds in 1969, the 
value increased to $657,000 from $625,000. 
The yttrium product was shipped to 
chemical processors in the United States. 


Finland.—Production of rare-earth con- 
centrate from the Korsnas mine of Outok- 
umpu Oy declined to 11,150 short tons in 
1969 from 13,400 tons in 1968.6 Based on 
the reported grade of 3.58 percent REO 
and 322 grams of europium oxide (Eu203) 
per ton, output in 1969 and 1968 was 400 
short tons of REO plus 3.25 tons of Eu203 
and 480 tons of REO plus 4.9 tons of 
Eu,O,, respectively. The concentrate was 
produced for sale to Typpi, Oy., Oulu, 
which reported an output of 208 short 
tons of rare-earth compounds in 1969 and 
64 tons in 1968. 


India.—The Alwaye plant, Kerala State, 
owned by Indian Rare Earths Ltd. (IRE), 
Bombay, processed 3,300 short tons of 
monazite and produced 3,850 tons of rare- 
earth chloride for the year ending March 
31, 1970, according to the firms annual re- 
port. Small quantities of rare-earth fluoride 
and oxide were also produced. The heavy 
minerals and plant of IRE at Manavalak- 
urichi produced slightly more than 2,700 
short tons of monazite for processing at 
Alwaye. 


Sales of rare-earth chloride increased 
substantially, particularly to Europe where 
the demand was nearly double that of the 
previous fiscal year. Sales totaled 4,690 
short tons valued at $1,125,000. 

M/s. Union Carbide India Ltd. was the 
distributor for IRE rare-earth compounds 
an a commission of 7.5 percent. 

Japan.—Shin-Etsu Chemical Industry Co. 
Ltd., the largest producer of yttrium and 
heavy rare-earth oxides in Japan, named 
Ketjen N.V., Amsterdam, exclusive sales 
agent in Western Europe for its rare-earth 
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products. The Japanese company, which 
operates a plant at Takefu in Fukui 
perfecture, received a substantial quantity 
of its rare-earth raw material from 
Molycorp.? 

Mauritania.—Mining of a heavy rare- 
earth-yttrium deposit at Bou Naga was 
suspended because of surplus stocks held 
by the consuming company and majority 
owner, Produits Chimiques  Péchiney- 
Saint-Gobain, Paris. The mine, started in 
October 1968, produced 1,400 metric tons 
of ore containing 4.4 percent yttrium oxide 
and 6 to 8 percent heavy rare-earth oxides, 
of which 600 tons of hand-cobbed concen- 
trates was shipped to France. Operations 
are not expected to resume for at least a 
year.8 

Norway.—A new company, A/S Megon, 
was established to investigate the feasibility 
of separation and production of rare-earth 
oxides and metals on a commercial scale 
from local carbonatite and apatite de- 
posits.9 


U.S.S.R.—The apatite deposits of the 
Kola Peninsula, U.S.S.R., mined for phos- 
phate, contain about 1 percent rare-earth 
oxide. This large-scale mining complex—27 
million metric tons in 1967—constitutes 
the most important potential supply of 
the rare-earth elements in Europe.10 


Kolon Trading Co., Inc., New York, was 
named U.S, sales agent for rare-earth met- 
als exported by Techsnabexport, Moscow, 
U.S.S.R.11 


6 Industrial Minerals (London). Outokumpu 
Oy's Higher Pyrite Production. No. 33, June 
1970, p. 43. 

7 Industrial Minerals (London). Ketjen May 


Manufacture Rare Earths. No. 30, March 1970, 


p. 36. 

8 Industrial Minerals (London). Somirema Sus- 
pends Rare Earth Mining Operation. No. 30, 
March 1970, p. 36. 

9 Industrial Minerals (London). Rare Earths 
Industry Initiated. No. 30, March 1970, p. 37. 

10 Mining Magazine. Kola Apatite Mine. V. 122, 
No. 4, April 1970, p. 329. 

11 American Metal Market. Kolon Trading Will 
Market Russian Rare Metallics. V. 67, No. 201, 
Oct. 20, 1970, p. 12. 


WORLD RESERVES 


A review of world resources of rare-earth 
elements was compiled by John W. Adams 
of the U.S. Geological Survey and pub- 
lished in 1971 as chapter 3 of Bureau of 
Mines Information Circular 8476, titled, 
“The Rare-Earth Elements, Yttrium and 


Thorium, A Materials Survey.” Table 5, 
taken from this publication, lists some of 
the more important rare-earth deposits of 
the world and their potential resources by 
countries. 


RARE-EARTH MINERALS AND METALS 


aide jo pue 38 səqouqooj 398 


a E o qyisodep eS1e[ “777777777 C əyl3gdg 'eqoQooJlÁq | 7777777777-7-7-7-----------e309?Uuoqqe)  -^-77-7-7-7--7----7-7-7-----(eAeqWD mH 8pueg 

: BIUBZUB I, 

0009. 88 BUON... See s s ODF ses. AATE AR AAR o Slo d YIBI -^-7^777-77-77777777777777-77- sui [838807 
zus.. 

oo ()3nopeugyg 7777777777777 ffn!!! MOA O [eerisdu8quasyg 

zr e 0 RE pe3en[geAe JON) 77777777777777-77-7-7-ceq4Z9UORN  7770707070777777777-7-77-7----7e3u9UOQqUI9) TTTS N Aou] 
:Jo onde *eoujy u3nog 

. "rr" -uorqənpoid [enuus ¡Bug "eo “SPZBUOJA]. —7777777777777777-7-7-7777-778sdgeovg]d ul“. əojutAoig nue gu 
:€H92IN 

008'0T -u3dəp Jo 399] ont 10] pub iii M CM C OE C CE IPLJBUOQUBO """ "777777777 ¡UH epunyussuey 
:IMBIBIA 

sess sms s. EE qonpoldAq Jutu ULL OTT rr prt rrr elfe. NSn 
¿BISÁBIBIA 
9000 0h00 88 po ^777777777777777777777 O E IE e . vale ulydneg “47 
:91qndayg Asuseleyy 

006'T8 | | "7777777777 pejen[eAe AIDS | ^777777777077077777777 EEB uo⸗’ rare / . SEGOE SnOLISA 
:8310M 

SE EEN -7-77--74190dep 9318] Á[QUqOIg ----------əro[qooiKd AIJIZBUOJA =~ ~~~ 841} BUOGIBD pus xe[duioo DINBMHIY  " (OQUO(f) BULA 
:BÁUIM 

A maps ß "SEENEN, A ye SOUSA: 
: BISIUOPUT 
is Oe CO ¡e1guagod ageet  ^77777777-7-77777-77-7-7-770p^ 777 TT TT TT TT TT TT CUCU SI9oW[d lune ^ [e2ueg 389A pus Aert 
000'000'82 77777777777 suo} 000 000 2 7777777777777777" 2) C A eA ree es leogd A ^^ 7777777777 93918 € [£19 Aua) 
dei id 

Deet p U eee Se (¿) no A An, 7 A SS SES 
: (ESsBYSULM) oB3uoo 

000'9 | 777777777 3150dep yseəyyou p 77777777777777777777 IPZBUOJA] 7777777 7077707777777777 sieow[d yovaq TOTS 818800 389g9q3Jou pue 489A, 
:uo[Ao2) 

0 ⁷Aα N 
EE i Shu -7"[er3ue30d yonpoidAq 3318] gea 6 oi dn oO, ^7777777777777-7-7-7-7--7-7--7-7e30n9UOQJ€) TTT rrr 0 
*UMOUS UB Uy 193.18] nu 
000‘0S eq Agu ¡eriyuajzod yonpoidAgq ---------- INZBUQUI “IYLIUUBI ggg ayeleulojguoy -^^^^^7777777777-7 UI 3JOII[S-TƏAUI pug 
: "peus 

pe eS sv resent DS OD -- ---7--7------7------7e3189€U3SEg ggg Uu guru e2uo1vq 2 
ipunanꝗ 

00'06 —7 7777777777 VVT uAOUů,S0 lil OPA. A RR A A PXely 

000008 bb 654 OD uoc eae se IPSIBUISEQ que o duloo DIJNBMIY. 7777777777" 0113 OP OJJOJA[ 

A AR DC M ME op sca e ume ri Mp s. E seme esce , us e A O 

000 A! ccc sss zul Slo d Qoeeg ~~ D ?Y YP —— 38802 f eν JZ 
1128 

MIU A E ß -----7783150dep ULA UL EEE uod 0% ũhhh „ eG en38118171 
:SlANog 

A O cras aos Ne cu Cic M ROS OD ðũ9“ 04e uur ul IE UANIPeY 

JVC. EE paq Pp3JBN[BAS JON ^"^ s19qQ3o 'e3t[[eA]]ras fun TNN comgdioureyeayg au u99[(383% LIEW 

000'08p “777797777 IZAL JO yonpoudAg ggg IPIZBUOJA] ~~ TTT sieowd qogəg ~~ "TU TTT Tres SNOLIvA 

:ere13sny 

(suo) 

gəoInosə: SAIBUIY s[eeutjA ədÁ I, 3180dep pus Arqunoy 
1 ƏDIXO 

Us. iN 


SIMONI [er)uə)od my) pur pom 21) jo snsodap quyreo-2o1ex 3ugej31o0dur[—:6 2[qe I, 


MINERALS YEARBOOK, 1970 


978 


"SIDOT ur s31sodep [|B 10] [8303 Dages c 
*"S9PIXO Y)189-3181 JUBIIEd 91 ulg1uoo o3 POUINssB o31uoxne (SIPIXO YI189-9181 JUIDIIA 09 ULEJUOD 09 peurnsse e31Zeuoy 1 


BBE GeO OE ..... . A E A AS E AAA . AS A ISO 
355 8 pol duras 8918 lh Ez r %õ—”I—!kͤ!!!3!＋.fv 77 Jeo.e[d q hh SDIIOSIIW 
:Anꝭn i 
EU . 
CCC *jep AJJI -e9]ujseq ICI “əurqogəyX kl %ù hh N eA0d 
'I813uo30d 
Su EOS jonpoid&q UII89-9181 oaämgt c^-^^^^--—---ej389e9ujseq 'eq3edy ------------------ysodəp outen äerd 77777 7777777 7777777777 &'N Mun 
"pe3enje4e 
000 09 *5*8 ‘pugs pH uo H Au .. 0 2D sieoe[d qogəg[ ^^777777777777777 SIYIVIA 18909 DIJUBIJY 
OOO Oo SJISOd9P P319II898  ^--^-(eumj3ouex Jouu) EEE uoß)ßhhb ----7-7-77-7-^sleow[d utedg 777777 7777 OS pus O' N “8918 JUOUIPIILI 
VVG SR 0 h ue VN tsutesuno]q seuen 
0100 
F reep 81991] `" Əəudnqouəx “DIIS9BUISEO oõ̊ lll 9)1JB8U0QIB) PUB UIIA "egaig urejunoJN 9M pus uioqiepaoq 
000 % / 8 s uo(00;;⁶dů 7 777 ə ızeuo 777777 TT . 9YBIQUIO[BUO) “7 7777 OAM “'utg3suno]jy pieg 
AAA ““, «˙² ... op^^^^- ----77si9Q30 'e43izzeuour “DYLOY tlll .... o 777777 YUOJA-0Y8pT qounsIp MH uN 
) ar ene es fan - BYBP OY c777770777070707770077-ccegHoeQL 7770707077770700070077777777777777TU8A 7077777777777" UOJA-OYBp] ‘seed quo] 
O09 7 2 AE 9JIZBUO W l 
VVV C00 op ----777-77-7-------e3u0q30u91[l *0Y8pT Ae 
ei, r s.s əytuəxnr[ J TT ͥ́Me ⁰ TTTTTTTTTT JeoS[d  -[€A 189 səpni|out *s1eoe[d vdueyuo UM - Op 
JV“. 8 q up qusonsulßfßfß ~~ ayizesuow ον,uMNl;0 us SH901 2010 daouu se ^77 7777777777 JUEO ‘AIBA ssn 
000'000'9 7777777 uorjeredo ll ACA gg Nu ~~ OTT TTT Ins 'sseq ueyuno y 
892828 pə1tu( 
000'021 77 euoN ^7^^7777777777777-7777 e3IzZeuoN / sIleow[d going ̃qẽꝗœ(ĩ⁴ꝓꝶNñNññ TTT rss gp SIN 
| :ərlqndəq quiy payun 
"SOpIXO : 99138 
PARO YI189-9181 suzu oo eq -dg eures “93189803880 *e3H8)) -777-7777 81808 d pue syqoo: DINBMIY “77777777 (NW 9ÁA9UQSIA) Bore A Jus N 
(eger) en eds suog 
Mic A SUE 000'000'09 pe3€um3se 3 Il leu ‘azedo “eye dy -^77-77--^-ej419uoqqdeo PUB SADOL o[eN4[V 77777 77 7777777777777 Bale BOM 
SS O 
(suo3) 
899JnosoJ SAA, S[BIOUIPT adÁ.L 3180dep pue A13uno^? 
1 9prxo 
U)189-318Y 


ponurnuo)-s321n0s31 ſenuaiod nam pue pom ay} Jo sysodap me- juej10dur[—:6 qr. 


RARE-EARTH MINERALS AND METALS 


979 


TECHNOLOGY 


Concentration of monazite and associated 
heavy minerals by conventional wet-gravity 
methods becomes progressively less efficient 
as grain size decreased below 200 mesh. A 
patent was issued describing a large capac- 
ity, high-bulk-density, wet-gravity concen- 
trator designed for the concentration of 
finely divided material.12 

Mixtures of monazite and columbite-tan- 
talite obtained as the residue from the 
concentration of African cassiterite are 
often discarded because of the difficulty in 
separating the two minerals. A flotation 
process was described capable of producing 
clean concentrates of monazite and of co- 
lumbite-tantalite without producing a mid- 
dling product.13 

The demand for high-purity, individual 
rare earths or special mixtures of com- 
pounds is increasing at a faster rate than 
the demand for natural mixtures, The cost 
of separating the rare earths from each 
other accounts for a large part of the cost 
of the final product. Research by industry 
and Government was therefore directed to- 
ward lower cost individual rare earths 
through improvements in separation tech- 
niques in order to better the competitive 
position of the plentiful rare-earth ele- 
ments compared with less abundant alter- 
nate materials.14 

Research on the use of rare-earth metals 
in nodular iron, in high-strength, low-alloy 
(HSLA) structural steels, in continuous 
casting of certain other steels, and in re- 
fractory ferrous alloys received increasing 
attention in 1970. Improved analytical 
methods were developed for measuring and 
controlling the results of rare-earth metals 
introduced to ferrous melts as mischmetal 
or as rare-earth silicide.15 

The fabrication, composition, and use of 
rare-earth chromites as high-temperature 
electrodes for magnetohydrodynamic (MHD) 
power generation was described.16 

Two improved phosphors for taking X- 
ray pictures were developed; a europium 


doped phosphor, Ba (PO4)2 and a phos- 
phor made from oxysulfides of lanthanum 
and gadolinium containing small quanti- 
ties of terbium.17 

The discovery, development, properties 
and applications of rare-earth cobalt mag- 
nets were reviewed18 

Rare-earth fluorides research studies in- 
dicated potential applications as solid lubri- 
cants at temperatures above 1,800? F.19 

Three new isotopes of rare-earth 
elements, erbium- 151, ytterbium- 151 and 
157, were discovered by scientists working 
with the Oak Ridge, Tenn. isochronous 
cyclotron. 20 

A research grant from the National Sci- 
ence Foundation was given to the Colo- 
rado School of Mines for a 2 year study of 
“Rare Earths in Rock Suites and Rock 
Forming Mineral Systems.” The rare-earth 
elements are trace elements indicators of 
geologic processes. 


12 Tomlinson, W. B. (assigned to Carpco Re- 
search & Engineering, Inc.). Improved Laminar 
Flow Sluice Concentrator and Method of Using it 
for Concentration of Values in Monazite Ore or 
Other Finely Divided Ores Containing Values and 
Gangue Minerals of Similar Specific Gravities. 
U.S. Pat. 3,509,997, May 5, 1970. 
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Salt 


By Robert T. MacMillan ' 


Domestic salt production increased 3.5 
percent in 1970, slightly below the average 
annual growth of 4.8 percent established 
by the industry in the past 10 years. 
The average value rose 5.5 percent in 
1970. The largest percentage increases were 
in the production (5.8 percent) and value 
(10 percent) of rock salt. Most of the in- 
creased output was consumed by the chem- 
ical industry in the manufacture of chlo- 
rine and caustic soda and for deicing 
streets and highways. Imports increased 7 
percent in quantity and 1l percent in 
value. | 

Legislation and Government Programs. 
—The U.S. Department of Commerce, Na- 
tional Bureau of Standards, released a 
Product Standard PS 14-69 on Salt in May 
1970. The purpose of the Product Stand- 


ard was “to establish, as a standard of 
practice in production, distribution, and 
use, the types of packages for various kinds 
of salt and the quantities in which such 
salt is packaged." The Product Standard 
was a revision of Simplified Practice R70—54 
and reflects the current needs of the salt in- 
dustry as well as the desires of the con- 
sumer. Although adoption of the standard 
is voluntary, widespread conformance to the 
standard will benefit both producers and 
consumers of salt. Copies may be pur- 
chased from the Superintendent of Docu- 
ments, U.S. Government Printing Office, 
Washington, D.C. 20402. The price is $0.10 


per copy. 


1 Physical 
Minerals. 


scientist, Division of Nonmetallic 


Table 1.—Salient salt statistics 
(Thousand short tons and thousand dollars) 


United States: 
Production- o- ada 


Consumption, apparent 
World: Production 


NA Not available. 


DOMESTIC 


Seventeen States recorded salt production 
in 1970. The two leading States, Louisiana 
and Texas, produced 52 percent of the 
total output. New York, Ohio, and Michi- 
gan contributed 35 percent. Salt was pro- 
duced by 54 companies at 99 plants in the 
United States and Puerto Rico in 1970. 
Twelve companies, each producing more 
than 1 million tons in 1970, operated 44 
plants and accounted for 88 percent of the 


1966 1967 1968 1969 1970 
NA NA NA NA 46,672 
36,463 38,946 41,274 44,245 45,804 
$229,985 $251,210 $272,275 $287,680 $303,523 
662 678 728 71 423 
$4,472 $4,583 $4,650 $4,486 $3,657 
2,479 2 , 843 3,456 3,302 3,536 
$6,464 $8,541 $11,487 $11,990 $13,329 
38,280 41,111 44,002 46,831 48,917 
122,274 131,092 138,426 148,789 156,365 

PRODUCTION 


total U.S. salt output. Fifteen companies 
with a production of less than 1 million 
tons but greater than 100,000 tons oper- 
ated 27 plants and accounted for 10 per- 
cent of the total production. Twenty-seven 
other companies whose individual produc- 
tion was less than 100,000 tons operated 28 
plants and supplied the remaining 2 
percent of the total salt output. “Twelve 
plants, each with a production of over 1 


981 


982 


million tons, accounted for 58 percent of 
the total domestic salt production. Thir- 
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1970. Milford Hall produced solar-evapo- 
rated salt near Springerville, N. Mex., and 


teen plants, producing between 500,000 
and 1 million tons, accounted for 20 per- 
cent of the total output. The remaining 22 
percent was supplied by 74 plants. Two 
new salt companies reported production in 


the Great Salt Lake Minerals and Chemical 
Corp. produced solar-evaporated salt and 
other chemicals from the brines of the 
Great Salt Lake. 


Table 2.—Salt sold or used by producers in the United States, by methods of recovery 


(Thousand short tons and thousand dollars) 


1970 


1969 
Recovery method 
Quantity Value Quantity Value 
Evaporated: 
Bulk: 
Open pans or grainerg LL l.c L2 cllc... 332 $8,827 348 $10,253 
Vacuum PAS ti 3,055 73,100 3,114 78,052 
ENEE 1,907 13,004 1,589 13,698 
Pressed block „„ EB 369 9,622 365 10,021 
cotas <td TM a 5,663 104,553 5,415 112,024 
me 
õããͤõͤͥ / ech ea eg ⁵³K 8 13,314 84,100 14,090 98,023 
Prema DIOCKS ee A E MELLE LE 83 2,352 79 2,269 
Otel m m ũ ³ 8 13,397 86,452 14,170 95,291 
Salt in brine (sold or used as auch). 25,185 96,675 26,220 96,208 
Grand total jj „ 44,245 287,680 45,804 808,523 
1 Data may not add to totals shown because of independent rounding. 
Table 3.—Salt sold or used by producers in the United States 
(Thousand short tons and thousand dollars) 
1969 1970 
State 
Quantity Value Quantity Value 
BM e TEE 1,895 W 1,656 $14,407 
ansagl. oca too ta ⁵ d mer ta E noA cd e E DE 1,270 $17,090 1,230 18,206 
(Be EE 12,43 61,102 13,584 64,854 
Michigan u EE 4,819 45,961 , 899 49,963 
New York e ad Es ae a 5,582 45,561 5,990 47,254 
Y A 88 5,844 43,519 5,329 47,498 
ahhh ⁰ et 51 
))nV((V(VVVͤͤõĩÄ]õͥ7[¹0?6Pwi 8 9,261 43,012 10,184 45,000 
[IA AAA A AO EEG er LE 481 4,439 366 3,638 
West iin... 8 1,309 4,978 1,190 5,171 
Other States ti s s s See EE AE OS 1,340 21,967 1,376 7, 532 
7/õͤ eec E ᷑%—ἈLÜ1ro CCE ⅛ % js al 44,245 287,680 45, 804 303, 523 
Puerto Rico.. ----------------- A 8 32 395 32 395 


W Withheld to avoid disclosing individual company confidential data; included with “Other States.” 

1 Quantity and value of brine included with “Other States.” 

2 Includes Alabama, Colorado, Hawaii, Kansas (brine only), Nevada, New Mexico, North Dakota, Virginia, 
and States indicated by symbol W. 
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Table 4.—Evaporated salt sold or used by producers in the United States 
(Thousand short tons and thousand dollars) 


1969 1970 
State ———— yꝛ᷑ͤ v—Z n 
Quantity Value Quantity Value 

Kanis o Ree a NER aysa 623 $13,810 670 $15,178 

EO PUTENT ic See AAA Be ee Das a 277 7,598 270 7,888 

IA API lee eg 1,137 21,552 1,186 28,948 

New O ß u uiu e E sU il sei as W 17,143 8 18,087 

hl. cu oa ³ÜÜ.¹ ncc rS K ³Ä¹ ᷣ ⁰ʒy y 774 771 

Oklahoma._._..... önö,ö,„,„ a SEA 5 42 

ët ee se aI A . NN W W 350 3,548 

Other States pM" Ic EHE 2,847 38,408 1,640 88,879 

o AA 5,663 104,553 5,415 2112,024 

32 395 32 395 


W Withheld to avoid disclosing individual company confidential data; included with “Other States.” 
1 Includes California, Hawaii, Nevada, New Mexico, North Dakota, Texas, and States indicated by symbol 


3 Data may not add to totals shown because of independent rounding. 


Table 5.—Rock salt sold by producers 
in the United States 


(Thousand short tons and thousand dollars) 


Year Quantity Value 
1969 8 10, 080 561.118 
1 e ote 11,661 71,953 
1968. A eee 12,461 79,867 
1969 EE 13,397 86,452 
JJ . AA 14,170 95,291 


Table 6.—Pressed-salt blocks sold by original producers of salt in the United States 


(Thousand short tons and thousand dollars) 


y From evaporated salt From rock salt Total 

ear c — —ä————— — ———————— 
I Quantity Value Quantity Value Quantity Value 

IJ 328 $8,529 60 $1,682 388 $10,211 

E y ETE 844 8,367 63 1,853 407 10,220 

I] MP AA ß ONERE MEN 857 9,246 85 2,821 442 11,567 

T969 hö·Üoé o0— . edu dE 369 9,622 83 2,952 452 11,974 


AN SS s SERIE 365 10,021 79 2,269 444 12,290 
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CONSUMPTION AND USES 


The chemical manufacturing industry 
continued to consume nearly two-thirds of 
the domestic salt production. The chlor-al- 
kali industry consumed 47 percent and 
soda ash production required 14 percent. 
Other chemicals required 3 percent. 

The second largest consuming use (17 
percent of the total output in 1970) was 
for snow and ice removal and road base 
stabilization. About 2 percent of the total 
salt output was sold to grocery stores and 
may be assumed to have been for table 


use; however, the total quantity of salt 
used for food and food-related uses also 
includes uses by meat packers, tanners, and 
casing manufacturers, and in the fishing, 
dairy, canning, baking, flour, and other 
food industries. These uses totaled 2.6 mil- 
lion tons in 1970 and represented 5.6 per- 
cent of the total salt output. Of the total 
salt production in 1970, 57 percent was 
produced and consumed as brine, 31 per- 
cent as rock salt, and 12 percent as evapo- 
rated salt. 


Table 7.—Salt sold or used by producers in the United States, by classes and 
consumers or uses 


(Thousand short tons) 


1969 1970 
Consumer or use 
Evap- Rock Brine Total! Evap- Rock Brine Total! 
orated orated 

Gerne aia sos 302 1,546 17,089 18,937 262 2,629 18,354 21,245 
Soda akk c sn W W 6,658 6,659 (2) (2) 6,445 6,445 
Soap (including detergents ) 29 W W 36 (3) (3) (3) (3) 
All other chemicals. `. W 1,815 W 2,641 335 579 495 1,409 
Textile and dyeing................ 130 80 ...... 210 115 82 197 
Meatpackers, tanners, and casing 

manufacturers 262 358 618 266 370 636 
Fishing AA canens 14 84 ....-. 18 25 D. io 30 
DAILY AA 45 £8 ...... 50 51 B. he E 60 
Canning AA 155 W W 213 159 63 (2) 222 
Baking A 8 101 | & ...... 106 107 8 (2) 116 
Flour processors (including cereal) - 60 W W 68 68 11 (3) 19 
Other food processing 145 W W 177 440 43 (2) 483 
Ice manufacturers and cold storage 

companies W W 11 (4) (4) (4) 4) 
Feed dealers 765 415 1,180 822 5422 1,365 
Feed omizerg . ------------------ 342 192. 2 584 330 216 . 2 546 
E TEE 137 W 210 63 W 252 
Ceramics (including glass) 5 E 16 (4) . (4) 
o A 44 38 73 155 71 W 206 
Olla re ᷑ 48 49 83 180 51 78 85 214 
Paper and p ul: 157 W W 341 61 135 183 380 
Water softener manufacturers and 

service companies 390 401 8 799 447 W W 691 
Grocery stores 634 4477 1,081 642 294 4 936 
Railroads 5 „„ (4) (4) ------ (4) 
Bus and transit companies 1 19. score 13 (4) E see (4) 
States, counties, and other political 

subdivisions (except Federal) 844 6,561 4 6,909 160 7,586 7,750 
U.S. Government W 32 W 55 30 77 (2) 107 
Miscellaneous z. 1,232 1,020 746 2,998 690 972 608 2,270 

KC REN 5,663 13,397 25,185 44,245 65,319 $14,180 526,140 745,639 


W Withheld to avoid disclosing individual company confidential data; included with “Total.” 
1 Data may not add to totals shown because of independent rounding. 


2 Less than l4 unit. 
3 Included with all other chemicals. 
4 Included with miscellaneous. 


5 Includes some exports and consumption in overseas areas administered by the United States. 
6 Differs from totals in tables 2, 4, and 5 because of difference at the point in which the data were recorded. 
7 Differs from totals in tables 1, 2, and 3 because of difference at the point in which the data were recorded. 
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Table 8.—Distribution (shipments) of evaporated and rock salt 
in the United States, by destination 


(Thousand short tons) 


1969 1970 
Destination —— ͥ — ä—j—ã—ä dä T —- 
Evaporated Rock Evaporated Rock 
Pla DINO A»ßwdfͥ a ee oe er E oe eee 54 444 51 417 
Alnshu | folc E EE 13. lx ae 5 W 
e e e, e Su u Re W 7 13 
ArkansaB ĩè[[%lä᷑ A O A 19 83 23 109 
ie 88 955 W 852 89 
ieee y ³ðV a 123 32 100 46 
Connecticut. tr 26 W 27 W 
I ³q yd E ELA 7 W 7 W 
District of Columbia cL s22 sc L2s2s22 222 3 1 4 W 
õêÜ.ÜÜä A a PME PR 31 103 41 130 
HET e RARE IRE NORMA 58 W 65 260 
IC ] Ü‚'ſ ee ema ͤ M W 22222 „ 
OUS cre RC ͤ;- g dd tx 8 52 W 37 W 
III ¼ᷣr m ꝛo» NE 296 875 325 729 
Rail. 8 142 387 159 480 
Ee EE ATA 178 311 191 288 
Kansas cocoa o ts Lum e a 79 234 80 166 
Fein... le dL LEES 39 481 41 534 
ET, encore btc cum ee eee eee 31 308 41 288 
Maine occ ²]nñ ñßʒ ]ð f mm k- ao W 155 9 W 
Maryland: ² ² oe et Be ³¹ . W W 47 W 
Massachusetts 82 472 44 544 
All:: ³ow-w. ¾ 172 685 192 W 
III ³ð³ hr ee SOTO TO 130 499 144 352 
III ³o wm a y 8 26 73 25 97 
A ³ði˙ ³ðZ½ͤ/ ⁵ðiſ y u un Z 1 ee 93 265 99 356 
Montdsaggsgsassss m —E 43 30 
N ³¹. ³¹¹-ꝛꝛiAA Ee 87 91 98 75 
TR FE iva . 8 W W 28 W 
New Hampsbire „„ W W 7 W 
/// ù⁰iq ᷣ AAA a mU E pL a 185 W 161 614 
New Mexico 16 84 21 89 
U ù ²iÜꝗ ⁰⁰wͥſdddddſ 8 353 2, 003 331 W 
North CatolinB....... oo 8 111 143 120 171 
North Dakotda aaa 35 6 58 6 
Ohio EIA d ß EE 307 952 335 1,388 
Oklahoma_..... . 88 43 51 48 68 
Oregon A O AN A . eats 23 W 7 w 
Pennsylvania. ----------------------------------------- 200 867 184 1,105 
Rhode Island. o ooo 10 W 10 W 
South Carolina. e 8 34 22 44 25 
South Dakota. acosa. ð 62 27 49 26 
TennésSBe EEN? 116 124 
Toya 2 as a it md y 8 115 441 118 319 
Bd NEE EE AN 122 119 
Werne. 6 W 7 W 
AT kA A yd dd x AA 100 95 96 W 
Wi ⁰ wu e tiet W W W W 
0 D ia ri e LE 21 113 24 178 
Wisconsin 151 576 170 488 
Wyoming- s ::: w ee eee a 23 3 20 2 
C ³˙Ü d MT IA 896 2, 507 480 4,740 
A A AS 5,663 13,397 235,319 3 14,180 


W Withheld to avoid disclosing individual company confidential data; included with “Other.” 

1 Includes shipments to Puerto Rico and States indicated by symhol W and exports. 

2 Data may not add to totals shown because of independent rounding. 

3 Differs from totals in tables 2, 4, and 5 because of difference at the point in which the data were recorded. 
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PRICES 


Prices per 100 pounds quoted in Oil, 
Paint and Drug Reporter for various 
grades of salt in 1970 were as follows: 


January March April December 


Salt, evaporated, 
common, in 
bags, carlots, 
or truck lots, 


Works $1.14 $1.24 $1.29 $1.29 
Salt, chemical 
grade, same 

7 1.25 1.35 1.40 1.40 


as 
Salt, rock, med- 
dium, coarse, 
same basis . 82 . 82 . 87 . 87 
Salt, rock, extra 


basis 87 87 92 KE 


FOREIGN 


Slightly less than 1 percent of the U.S. 
total salt output was exported to 65 coun- 
tries in 1970. Salt exports were considera- 
bly less than in 1969, when 1.6 percent of 
the total salt sold or used was exported. 
Most of the salt exports went to Canada 
and Japan. 

Imports of salt in 1970 were 7 percent 
greater than in 1969 and were nearly 8 
percent of the 1970 domestic production. 
Canada, Mexico, and the Bahamas were 
the source of 83 percent of the salt im- 
ports. Newly developed solar-salt-producing 
areas in the Bahamas contributed to the 
increase in salt imports. 


Table 9.—Salt shipped to the Common- 
wealth of Puerto Rico and overseas 
areas administered by the United States 


1969 1970 
Area Short Value Short Value 
tons (thou- tons (thou- 
san sands) 
American 
Samoa 232 310 329 313 
Guam 112 14 (1) (1) 
Puerto Rico 13,857 1,154 15,504 943 


Virgin Islands. . 168 22 230 13 


! Effective Jan. 1, 1970 data no longer available. 


The average value of evaporated salt re- 
ported by producers to the Bureau of 
Mines in 1970 was $20.69 per ton. On the 
same basis, the average value of rock salt 
was $6.72, and that of brine was $3.67. 


TRADE 


Table 10.—U.S. exports of salt, by countries 
(Thousand short tons and thousand dollars) 


1969 1970 
Destination 
Quan- Value Quan- Value 
tity tity 

Australia 1 371 1 397 
Canada 298 2,004 221 1,803 
Costa Rica (1) 81 1 48 
apan........-- 396 1,795 187 909 

Mexico 2 3 
Saudi Arabia (.) 31 2 180 

South Africa, 

Republic of 3 16 (1) 14 
Other 16 489 8 508 
Total 716 4,486 423 3,657 


1 Less than H unit. 


Table 11.—- U.S. imports for consumption 
of salt, by countries 1 


(Thousand short tons and thousand dollars) 


1969 1970 
Country Quan- Value Quan- Value 
tity tity 
Bahamas. 595 $2,372 706 $2,817 
Canada 1,008 4,587 1,888 6, 560 
Chile 557 2,112 2 1,145 
Mexico. .......- 754 1,425 858 1,816 
Romania 1 177 
Spain n 37 264 17 47 
Tunisia 187 469 134 357 
United Arab 
Republic. ..... 9 190: Scc. Ie xs 
United Kingdom. 16 66 49 135 
Venezuela 1 449 77 266 
Other 18 116 (2) 
Total... 3,302 11,990 3,586 13,329 


1 Includes salt brine from West Germany through 
the New York City customs district for 1969, 601 
short tons ($5,912). 

2 Less than 1⁄4 unit. 


SALT 


Table 12.—U.S. imports for consumption 
of salt, by classes 


(Thousand short tons and thousand dollars) 
In bags, sacks, 


barrels, or Bulk 
(dutiable) ! 


other packages 
Year (dutiable) 

Quantity Value Quantity Value 
196889898 27 $467 3,429 $11,020 
1989 11 316 3,291 11,674 
1970.2. 45 625 3,491 12,704 


1 Includes salt brine from Canada through 
Detroit customs district for 1968, 300,596 short tons 
($89,187); 1969, West Germany through the New 
York City customs district, 601 short tons ($5,912). 


Table 13.—U.S. imports for consumption 
of salt, by customs district 1 


(Thousand short tons and thousand dollars) 


| 1969 1970 
Customs district 
Quan- Value Quan- Value 
tity tity 

Baltimore, Md 224 $717 304 $1,048 
Boston, Mass 128 401 207 755 
Bridgeport, Conn.... 172 671 154 525 
Buffalo, N.Y........ 17 72 13 62 
Chicago, D, 76 334 295 1,327 
Cleveland, Ohio 143 617 191 853 
Detroit, Mich... 551 2,526 642 3,199 
Duluth, Minn 35 155 33 159 
Juneau, Alaska. 2 TO oopa. Aewen 
Los Angeles, Calif . . 198 448 227 471 
Milwaukee, Wiss. 158 691 138 604 
New York City...... 174 761 141 552 
Norfolk, Va 35 171 9 36 

Ogdensburg, N.Y.... 9 43 (2) (2) 
Philadelphia, Pa..... 51 144 — ux 
Portland, Maine..... 371 1,765 296 1,405 
Portland, Oreg 133 166 149 207 
Providence, R. I. 138 400 87 318 
St. Albans, Vt______- 16 66 (2) 3 
San Juan, Puerto Rico 6 32 12 72 
Savannah, Ga. 224 830 222 822 
Seattle, Wash. ` 429 884 388 844 
Wilmington, N.C.... 12 30 28 67 

Other. (2) (2) (2) (2) 
Total 3,302 11,990 3, 536 13,329 


1 Includes salt brine from West Germany through 
the New York City customs district for 1969, 601 
short tons ($5,912). 

2 Less than 1⁄ unit. 


WORLD 


Australia.—Salt production in Australia 
increased as production from several new 
solar salt fields became available. Condi- 
tions for producing solar salt in Australia 
are claimed to be among the best in the 
world. These include low rainfall, high 
evaporation rate, high salinity of oceans 
and natural brines, and suitable topo- 
graphical features and harbors. Most of 
the increased salt-producing capacity is for 
the export market, mainly for Japan. 
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Table 14.—U.S. imports for consumption 
of salt, by uses 


Use Thousand 

short tons 
Government (highway usel 2,285 
Chemical industry. - - ----------------- 228 
Water conditioning service companies 204 
Other. A II 196 
A Lote 12,918 


1 Does not agree with totals in tables 11 and 13 
because of incomplete data on the uses of imported 
salt. 


REVIEW 


Italy.—A new l-million-ton-per-year eva- 
ported salt plant is nearing completion 
at Ciro Marina, Italy. Salt will be pro- 
duced by solution mining methods at a 
new mine in Tempa del Salto in the Prov- 
ince of Catanzaro and transferred 26 miles 
by pipeline to the evaporating plant. The 
salt will be used mainly in the chlor-alkali 
industry.? 


2 Industrial Minerals. Montedison Rock Salt 
Mine. No. 37, October 1970, p. 33. 
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Table 15.—Salt: World production, by countries 


(Thousand short tons) 
Country 1 1968 1969 1970 » 
North America: 

A AA AA ME UR M ]ð2 k k SS 4,864 4,657 5,052 
Bahamas... usos omine K neodiario e 880 150 685 
TI] Ü⁰ U ⁰ ¹ sc eec eec I ALD Ee Tcu eu. le ME 358 e 330 
eee, ß e e nis 25 31 e 30 
S o n ce alor ³ð y 8 13 10 8 
e e eee ß, d ße, O Á... r 27 30 35 
LEE EE 3,966 4,287 4,578 
United States (including Puerto Rico): 

PV ⁰˙i is a 12,461 13,397 14, 170 
Other salt: 
FFII A aia 28,813 30,848 31, 634 
FH ³ÜA . ee 32 32 32 
South America: 
EELER A ͥͥͥͥ ee ü m r 814 520 e 550 

BEEN r 1,376 1,796 2,010 
AAA AA A AI y aa Lo as 940 1,467 569 
Colombia: 

Focke Th 62.5525 a sua Susu Be Ses ees r 350 879 587 
Alff uum ee A 8 207 368 254 
Dominican Republic 18 e 20 e 20 

EE, Abee hd yd O Pte Ke r 128 102 e 105 
Venezuela A ð -ddͥ yßdddddddddßd y i E LaL dE 139 188 293 

purop - 

(Cöĩ;õ mum i·uv e A Mi r 443 461 543 
Bülgarig ou c4 ²³² õydſſſſddſͥͥã ete cU cae ne a ĩ 2 kuyu Eu Z 130 e 130 132 
Czechoslovakia +e eee r 177 183 e 200 
Denmark 2_____ a e 165 271 876 
France: 

Rock salt and brine salt r 3,795 4,318 4,502 
Mh.; ⁵ ⅛ðÄ¹—AAA a s S Wie 1,102 1,064 » 1, 100 
Germany: 
DT) MER DLE d RN E A A ei 2,172 2,174 » 2, 800 
West (marketable): 
Rock salt ³o¹˙UàUà.wũĩõĩ§?!.˙· ð ð tꝗ½dy 8 r 7,610 8,430 10, 126 
Marine salt and other -2-22a aaaea r 721 784 822 
))))))FFõͤõ e eae aha A 8 109 83 e 90 
Italy: 
Rock salt and brine salt 2,895 8,086 3,165 
II;: ³W. y mr 8 r 1,424 1,264 1,650 
Neher ð- ks S 2,660 2,942 3,163 
Poland: 
RoCGk8AIt EE 1,068 1,285 1,349 
MCC ⁵ ſ ſ d ta r 1,834 1,820 1,851 
Portugal: 
;;; A De ok ew is Se AN 167 183 214 
Marine Salt: oo oe a ³o ei es ay eh eens 290 157 e 220 
Somanis EE EA AAA 2,610 «2,600 3,155 
pain 
ROCK Sal: a ]¹¹ĩÜe mm r 1,005 1,186 » 1, 200 
EI! ³oÜ—.u— .d y d 1,002 850 e 880 
Switzerland... occ 281 294 368 
SS: IN A ͥ⁰ ⁰⁰ſãã V AS 12,125 13,228 + 14,800 
United Kingdom: 
Rock salt ooo r 1,119 1,558 1,778 
OtherBalt..— a a e r 6,732 7,276 7,523 
%%% ˙ië“ͤ m vd d y eS On ka Tasa 197 234 231 
Africa: 
J o onere ]ꝛ¹⁰¹˙ ...r E e 132 165 110 
JJ7%/%%%0%0ö˙ĩõ⁵5e AS AIR 8 80 88 97 
Ethiopia (including Eritrea) 4__........___..-_.-__.__.-_---_-_---_-- r 257 258 287 
ß 0 e 30 40 18 
Kenya, A EE r 32 47 39 
Malagasy Republ. 222 Dt S uc oe 8 19 24 24 
A AO O AREAS EA 8 3 3 e3 
Mantai POR moe VVV A s rj 1 el 
F AE GE r 5 e4 
J%³·⁵ ..,. 88 545 74 63 
Mozambique AAA IIA '! r 34 611 6 32 
Nigor e oreo ER ⁰⁰yꝙæꝗæmm EE 4 4 4 
ßJd On ß ß 92 88 e 130 
MÄ EE el 2 e2 
South Africa, Republic of... e 8 377 417 463 
South-West Africa, marine salt q 121 121 121 
SUdAn- s co uisu rt c a EE 55 56 58 
Tanzaniá. u su ³ ̃ 0⅛ ⁵ x ½½ é EEN 33 37 46 
eier E EE EEN RON SUC 397 312 331 
ü ME A S ĩðWꝛ ᷣͤ v 4 
United !., 8 r 685 424 e 550 


See footnotes at end of table. 
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World production, by countries—Continued 


(Thousand short tons) 


2 gg -> ss 


Country ! 


Asia 


Burma 
Ceylon 


Mongolia e 
Pakistan: 


Ryukyu Islands ° 
Southern Yemen 
Syrian Arab Republic ° 
Taiwan 


Af ghanistan___ ns Ea 


— — =< mm — — — — — — — — — = — — = — mm em e ep 
— —— — —— om I em en mm ep re ge em mm em vm pe em — 
=- a — em em em eg we ap om m om - om wm wi - - — rm em emp -Á 4 mp A em op em — 
= œ em wem —y— em ep e — em em ep - — cc ga ũę ꝗ—E— — — - em me op — 
we - mm — em op vn em vm mm em ep ep ep — a - op w em em em om en wen rm mp — e wes om - en mp ms 
— — æ mm w em — em em em wm em s. e gr s wv 


NET EEN 


1968 1969 1970 » 

EE r 41 41 e 40 
E r 143 194 173 
oe eee ͤ EEE 108 12 71 
TOROS 16,500 16,500 17,600 
E SEMESTER r 6 

—————— C wasa 5,560 7,033 6,160 
JJ E es: r 90 200 200 
2. r 236 260 278 
A A A r 47 55 e 50 
EE 72 74 e 70 
ele r 1,065 1,082 1,060 
miyuy uu See ie ee eae r 19 21 28 
2 aldea r 600 600 600 
JJC PONES 618 319 446 
1177 ̃ re 1 5 4 e A 
n A A rá 3 1 
A O C 33 31 30 
1111100 9 9 

S ⁵ cce r 361 393 349 
—— —— — 629 612 491 
FFC 239 255 232 
A mama eee 7 7 7 
ad 8 87 er 66 e 55 
EE 22 24 24 
VFC 343 422 590 
A sees Se 165 220 e 220 
323 eng cedes 626 e 630 640 
Kee 165 165 165 
SS ERR r 174 130 e 130 
CCC r 90 120 110 
est r 1,008 1,852 1, 900 
J ͤ ada 6 54 58 


e Estimate. 


p Preliminary. r Revised. 


1 Salt is produced in many other countries, including Libya and Cape Verde Islands, but quantities are 


relatively insignificant or reliable data are not available. 


2 1969 and 1970 data are sales. 


3 Includes an average annual production in the Canary Islands of 15,000 metric tons of marine salt. 


4 Year beginning March 21 of year stated. 
5 Rock salt only. 
6 Marine salt only. 


Morocco.—A large rock salt deposit 
about 15 miles north of Casablanca has 
been delineated by close drilling. The part 
of the deposit that was drilled contained 
800 million tons of 97.5 to 98 percent 
NaCl. The deposit, which ranges from 
1,200 to 1,500 feet in depth, is 260 feet 
thick and may contain 2 billion tons of 
salt.3 

Nicaragua.—A new salt plant, Salines 
Nicaraguenses S.A. (SANISA), was inaugu- 
rated by the President of Nicaragua. The 
plant, which is on the Pacific coast, will 
extract salt from sea water by solar evapo- 
ration. Annual production is expected to 


be about 22000 short tons and will be 
used in producing caustic soda and chlo- 
rine for the chemicals market. 

United Arab Republic.—Solar salt pro- 
duced from salinas along the coast of the 
Mediterranean Sea is the chief source of 
Egyptian salt. The procedure and equip- 
ment used for producing a purified salt 
product was published.5 


3 Mining Magazine. Moroccan Rock Salt. V. 
123, No. 5, November 1970, p. 431. 

t Bureau of Mines. Mineral Trade Notes. V. 
67, No. 9, September 1970, p. 20. 

5 Saada, Y. and others. Washing Egyptian 
Common Salt. Mining and Minerals Engineering, 
v. 6, No. 6, June 1970, pp. 34-36. 
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TECHNOLOGY 


A compilation of the most recent tech- 
nological trends in salt production and 
consumption and the latest geological theo- 
ries on the formation of salt and other 
evaporite deposits was published in a two- 
volume compendium of papers presented 
at the Third Salt Symposium held in 
Cleveland, Ohio, in 1969.6 A total of 97 
papers was presented at the symposium, 
which covered a wide range of subject 
matter including the geochemistry and tec- 
tonics of salt formations; solution mining, 
underground storage and waste disposal; 
and geophysics, subsidence, and hydraulic 
fracturing studies related to salt mining. 

A detailed description of modern rock 
salt mining procedures was published in 
an article concerning four mines of the In- 
ternational Salt Co.? 

The mining operations at Retsof, N.Y., 
Cleveland, Ohio, Detroit, Mich., and Avery 
Island, La., have many similarities. The 
room-and-pillar method is used in all four 
mines, and salt extraction averages between 
50 and 75 percent. The unextracted salt 
remains as supporting pillars ranging in 
size from 60 by 80 to 90 by 100 feet. After 
cutting a 10-foot-deep slot at its base, the 
wall of rock salt is drilled and blasted 
with dynamite and prilled ammonium ni- 
trate mixed with fuel oil. Millisecond-delay 


blasting caps attached to the explosives in 
each set of holes control the blasting pat- 
tern and provide optimum blasting effect 
and minimum production of fines. The 
broken salt is loaded mechanically into 
trucks or conveyor belts and hauled to the 
crushers, which may be either under- 
ground or on the surface. After crushing 
and screening to size, the salt is hauled to 
storage. 


A solution mining process for recovering 
mineral values from rock salt, sylvanite, 
trona, or other soluble mineral salts was 
patented. The process is applicable to a 
plurality of flat, relatively thin beds. Injec- 
tion and output wells are sunk to the low- 
ermost exploitable bed which is hydrauli- 
cally fractured and contacted with a 
solvent (water) to dissolve and remove the 
mineral values, eventually forming a cavity 
from the injection well to the output well. 
When the lower bed is depleted, the sol- 
vent is diverted to the next overlying bed. 


6 Rau, J. S., and L. F. Delwig (eds.). Third 
Symposium on Salt. Northern Ohio Geological So- 
ciety, Cleveland, Ohio, 1970, v. 1-2. 

7 Skillings’ Mining Review. International Salt 
Co.'s Four Mining Operations. V. 59, No. 32, 
Aug. 8, 1970, pp. 1, 8-11. 

8 Carmody, D. W. (assigned to Hardy Salt 
Co.). Methods of Solution Mining. U.S. Pat. 
3,510,167, May 5, 1970, 6 pp. 


Sand and Gravel 


By Harold J. Drake * 


Demand for sand and gravel is princi- 
pally in the construction industry. The re- 
straint in that industry in 1970, owing to a 
tight money supply, resulted in only a 
small increase in consumption of sand and 
gravel. The level of consumption in 1970, 
nevertheless, was the highest on record. 


Average prices of sand and gravel rose 
about 10 percent and 5 percent, respec- 
tively, and the average unit value, f.o.b. 
plant, of sand and gravel combined in- 
creased about 4 percent. 


DOMESTIC PRODUCTION 


Domestic production of sand and gravel, 
which had reached an alltime high of 937 
million tons valued at $1.1 billion in 1969, 
increased to 944 million tons valued at 
$1.1 billion in 1970 (table 1). Output 
from commercial operations accounted for 
about four-fifths of total output and rose 
only slightly, but that of Government-and- 
contractor operators rose about 2.5 percent. 
U.S. producers supplied all domestic re- 
quirements for these products. 

Production of sand and gravel for the 
construction industry amounted to 906 mil- 
lion tons valued at $1 billion. These pro- 
duction and value figures represent in- 
creases of about 1 percent and 5 percent, 
respectively, from the levels of 1969. In- 
dustrial sand production amounted to 29 
million tons valued at $101 million, un- 
changed from that of 1969. 

In 1970 California accounted for approx- 
imately 15 percent of domestic production; 
the midwestern States of Illinois, Indiana, 
lowa, Michigan, Minnesota, Ohio, and 
Wisconsin accounted for about 29 percent. 
Other States that produced substantial 
quantities of sand and gravel were Alaska, 
New York, Texas, and Washington. 

The number of commercial sand and 
gravel plants decreased from 6,309 in 1969, 
to 5,918 in 1970. Approximately 51 percent 
of the output in 1970 came from plants in 
which annual production ranged from 
50,000 tons to 400,000 tons. Plants produc- 
ing 1 million or more tons per year ac- 
counted for about 15 percent of domestic 
production. 


One of the most advanced sand and 
gravel plants went into operation at Steila- 
coom, Wash.2 The new plant, owned by 
Pioneer Sand and Gravel Co., a division of 
Lone Star Cement Corp., features a fully 
automatic remote control system that regu- 
lates all phases of plant operation includ- 
ing excavation, processing, stockpiling, 
blending, and loading for transport to 
markets. The system permits great flexibil- 
ity and more efficient and economical pro- 
duction with a minimum manpower re- 
quirement. 


A new sand and gravel plant owned by 
Whittaker and Gooding Co. was placed 
into operation near Ann Arbor, Mich.3 
The plant, built to replace a smaller plant 
owned by the company, will supply con- 
crete sands, beneficated gravel aggregates, 
pea gravel, and other gravels to a market 
area encompassing Ann Arbor, Ypsilanti, 
and southern Detroit. 


Faced with depleted reserves and low- 


quality deposits, C. M. Page Co. Inc., 


Orono, Me., combined operations of two 
gravel plants and began development of a 
limestone quarry for coarse aggregate to 
eventually replace its gravel operations.‘ 


1 Physical scientist, Division of Nonmetallic Min- 
erals. 

2 Trauffer, Walter E. Pioneer’s 1,800-TPH Plant 
Serves Puget Sound Area. Pit and Quarry, v. 62, 
No. 9, March 1970, pp. 112-142. 

3 Herod, Buren C. Michigan Producer Builds for 
Future. Pit and Quarry, v. 63, No. 5, November 
1970, pp. 80-89. 

4 Truffer, Walter E. How a Marine Gravel Pro- 
ducer Stays Ahead of Deposit Depletion. Pit and 
Quarry, v. 62, No. 11, May 1970, pp. 153, 162. 
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Mining and processing of dune sands just 
west of Santa Maria, Calif., by California 
Sand Co., Inc., is underway.5 Sands pro- 
duced include blasting, traction, and 
foundry sands, and sands for fertilizer, 
pipe linings, and recreational uses. 

Dredge mining in the United States was 
discussed in a brief article 6 as was Knox- 
ville Sand and Gravel Co.’s dredging oper- 
ations on the ‘Tennessee River? The 
Knoxville company replaced its . dipper 
dredge with a new, automated suction unit 
that discharges into a companion floating 
sand plant. The company also uses another 
dredge for extracting gravel. 

The usefulness of portable processing 
plants in aiding companies to supply spe- 
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cialty products that cannot be produced 
from stationary facilities was demonstrated 
by Connersville Gravel Co., Inc., Conners- 
ville, Ind.8 In addition, the company was 
able to place the portable plant close to 
construction projects thereby eliminating 
the longer hauls from its stationary plants. 


5 Utley, Harry F. Specialty Sands Produced for 
New California Plant. Pit and Quarry, v. 62, No. 
10, April 1970, pp. 155-156. 

9 Stearn, Enid W. Dredging in the Aggregates 
Industry. Rock Products, v. 73, No. 9, September 
1970, pp. 74-76. 

1 Herod, Buren C. Knoxville Sand and Gravel 
Modernizes its River Operations. Pit and Quarry, 
v. 63, No. 5, November 1970, pp. 100-102. 

8 Herod, Buren C. Complementary Portable 
Plant Boosts Service Capability. Pit and Quarry, 
v. 68, No. 5, November 1970, pp. 108-109. 


Table 1.—Sand and gravel sold or used by producers in the United States, i 
by classes of operations and uses 
(Thousand short tons and thousand dollars) 


1969 1970 
Class of operation and use 
Quantity Value Quantity Value 
Construction: 
Building: 
Sand. x: ee eaten ALLE EAT r 170,520 r $192,789 166,211 $197,553 
REESEN r 135,705 r 191,495 129,964 191,342 
Paving: 
DANG O et ¾ x G 131,456 135,780 138,959 147,988 
GC ⁵ A usu A A r 350,282 r 354,897 363,577 384,515 
! A eee 8 41,630 27,862 33,467 21,209 
e WEE 8 55,318 38,736 43,210 26,582 
Railroad ballast: 
DANG EE ³⅛ Ü³1 mA 663 556 1.235 727 
Gravel. 3s ͤ ³V-. ER 2,189 1,971 2,768 2,416 
Other: 
Sid ts 8 7,599 6,827 14.360 16,040 
Gravel naaa a E ER Ld 6,672 7,288 12,392 14,620 
Total construction !2di r 901,974 vr 958,201 906,139 1,002,986 
Industrial sand: 
Underground: 
A EE 10,547 36,398 10,818 39,492 
Molding- -e ou KK r 10,605 r 30,871 8,078 24,544 
Grinding and polishing.......................- 854 995 313 744 
Blat BEER 1,219 6,743 1,103 5,489 
Fire or furnaee noo. 473 1,005 868 842 
ATA 920 2,062 . 844 2,062 
Filtration 194 745 257 618 
Oil bhvdratrae eee 274 2,046 296 2,860 
DO eet Mose etre y n i. sss r 2,534 r 7,192 4,858 9,819 
VVCCCCCCCCCCCCCCC Secs 27,123 87,567 26,981 85,968 
Ground sand oo ooo 1,900 14,460 2,211 15,226 
Total industrial ))) 29,021 102,026 29,145 101,191 
Miscellaneous gravel... ...... oo. 6,173 9,441 8,658 11,521 
¡AAN 937,169 1,069,667 943,941 1,115,705 
Commercial: 
and A . E A r 389,453 r 431,441 332,545 438, 670 
Gravel. ;ĩ;¹ -mLdsds x a r 3917524 r 464,157 399, 942 483 , 894 
Government-and-contractor: 4 
o AA . A naa saku: 41,422 34,401 50,833 46,052 
Graveh E AN 164,762 139,670 160,619 147,089 
r Revised 


1 Excludes American Samoa, Panama Canal Zone, and Puerto Rico. 


2 Data may not add to totals shown because of independent rounding. 


3 See table 10 for use breakdown. 


4 Approximate figures for operations by States, counties, municipalities, and other Government agencies 


under lease. 
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Figure 1.—Production and value of sand and gravel in the United States. 


CONSUMPTION AND USES 


U.S. consumption of sand and gravel 
amounted to 944 million tons valued at 
$1.1 billion in 1970, about 1 percent and 4 
percent, respectively, above consumption in 
1969. Consumption of sand and gravel for 
building and paving increased about 1 per- 
cent, and sand and gravel for fill, ballast, 
and other uses declined about 6 percent. 
In the aggregate, these uses accounted for 
about 96 percent of the quantity and 90 
percent of the value of consumption. 

Consumption of industrial sand—29 mil- 
lion tons valued at $101 million—was un- 


changed from that of 1969. Consumption 
of glass and molding sands, which account 
for about four-fifths of industrial sand 
consumption, fell about 11 percent. Con- 
sumption of ground sand in 1970 was 16 
percent above that of 1969. 

Manufactured sand, as a substitute for 
natural sand, was discussed in an article 
that detailed types of resources, methods of 
crushing, and types of classifying systems.? 


9 Szaj, Arnold P. Crushing to Produce Manu- 
factured Sand. Rock Products, v. 73, No. 3, 
March 1970, pp. 68-70, 102. 
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Figure 2.—Sand and gravel sold or used in the United States. 


PRICES 
Representative carload-lot prices of sand of the 34-inch-gravel prices reported for 20 


in 21 cities at the end of 1970 ranged from cities was $3.18 


$1.55 per ton in Cincinnati to $5.75 per 
ton in Atlanta, according to the Engineer- 
ing News-Record. The average of the sand 


per ton, compared with 


the comparable value in 1969 was 


the average for 17 cities was $3.06 per ton, 
compared with $2.94 per ton in 1969. The 
average value of sand and gravel sold or 
d by producers, f.o.b. plant, was $1.18 
$4.65 per ton in Pittsburgh. The average $1.14 per ton. 


$3.04 per ton in 1969. For 114-inch gravel, 


gravel use 


34-inch or 14-inch 
ranged from $1.70 per ton in Cincinnati to per ton; 


pared with $2.76 per ton in 1969. Prices 


prices reported was $3.03 per ton, com- 
for either 


FOREIGN TRADE 


Exports declined from 2.1 million tons 


U.S. imports of sand and gravel in 1970 


amounted to 879,000 tons valued at $1.6 
million, compared with 898,000 tons valued 


at $1.4 million in 1969. 


lion tons valued at $5.9 million in 1970. 
The greater bulk of sand and gravel ex- 
ports and imports consisted of construction 


valued at $7.7 million in 1969 to 1.2 mil- 
materials going to or from Canada. 
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WORLD REVIEW 


Canada.—The Department of Mines, 
Ontario, Canada,. published a study of 
sand and gravel pits and stone quarries 
that indicated ways to alter mining opera- 
tions in order to improve the appearance 
of the mine site, eliminate objectionable 
forms of pollution, and better utilize 
mined-out properties. Construction Aggre- 
gates, Ltd., opened a new road gravel 
plant at Furry Creek, British Columbia, to 
help supply the Greater Vancouver area.10 

Norway.—Deposits of olivine at 
Norddal 11 and Aaheim 12 were being uti- 
lized to produce olivine sand for use as a 
molding material by foundries. Olivine 
sand has certain technical advantages over 
silica sand and additionally, eliminates the 
health risks associated with the latter. 

Sweden.—Exploitation of an olivine de- 
posit at Handol continued, as demand for 
olivine sand for use in foundries expanded 
in recent years.13 The bulk of the produc- 
tion consists of two principal grades: 
minus 4 millimeters to dust, and minus 1 
millimeter to dust. 

United Kingdom.—The sand and gravel 
industry of Scotland was reviewed in an 
article that discussed the rapid develop- 
ment of the industry, the increasing de- 
mands being made upon it, and the diff- 
culties of establishing new production 
points.14 

The first in a series of surveys to deter- 
mine the extent of sand and gravel re- 
serves in southeast England was completed 
by the Mineral Assessment Unit of the In- 
stitute of Geological Sciences.15 

A new sand and gravel plant went into 
production near Harlington, a suburb of 
London, to supply concrete aggregates to 
local construction firms.16 The owners 
screened the plant with shrubbery, insti- 
tuted noise and dirt abatement practices, 
and agreed to restore worked-out areas 
into arable land. 

A new sand plant, incorporating a num- 
ber of novel features, was installed by 
Sandsfield Gravel Co. at its Brandesburton 
Quarry in Yorkshire.17 At this plant classi- 
fication and dewatering occur in one oper- 


ation and the two grades produced are 
then treated separately in density separa- 
tors to remove impurities. 

Mixconcrete Aggregates Ltd. of North- 
ampton brought its Charlecote Quarry 
into full production.18 In order to insure 
that the operation would not change the 
surrounding environment, the plant was 
placed below the existing ground level, 
elaborate soundproofing measures were un- 
dertaken to reduce plant noise to a mini- 
mum, and vehicular traffic to and from the 
quarry was prohibited in local villages. 

Hoveringham Gravel Ltd. opened a 
third sand and gravel plant near Reading 
to serve local markets,19 and Blue Circle 
Aggregates Ltd. constructed three new 
plants to serve the Midland market.20 

A reduction in equipment and man- 
power requirements and an overall in- 
crease in plant efficiency were accomplished 
by development of a dewatering feeder 
conveyor unit by Messrs. Folley Brothers of 


Henley, and  Harleyford Hydro Sand 
Equipment Co. Ltd. of  Herleyford, 
Marlow.?1 


10 Trauffer, Walter E. New British Columbia 
Road Gravel Plant. Pit and Quarry, v. 63, No. 3, 
September 1970, pp. 80-84, 90. 

H Industrial Minerals. Norddal:k/s Norddal 
Olivin A/S and Co., Division of H. Bjorum. No. 
29, February 1970, pp. 17-19. 

12 Industrial Minerals. Aaheim: Operations of 
A/S Olivia. No. 29, February 1970, pp. 15-16. 

13 Industrial Minerals. Handol: Taljstens A. B. 
Division of the Hoganas Group. No. 29, February 
1970, pp. 20-21. 

14 Mclellan, A. G. Sand and Gravel in Scotland. 
Cement Lime and Gravel, v. 45, No. 6, June 1970, 
pp. 154-156. 

5 Cement Lime and Gravel. First Sand and 
Gravel Resources Survey is Completed. V. 45, No. 
3, March 1970, p. 73. 

19 Cement Lime and Gravel. New Aggregate 
Plant for London Firm. V. 45, No. 4, April 1970, 
pp. 89-94. T 

17 Cement Lime and Gravel. A New Goal/Sand 
Se Plant. V. 45, No. 2, February 1970, pp. 


18 Cement Lime and Gravel. Winning Sand and 
Gravel in Shakespeare Country. V. 45, No. 3, 
March 1970, pp. 61-64. 

1? Cement Lime and Gravel. Winning Sand and 
Gravel in the Kennet Valley. V. 46, No. 5, May 
1971, pp. 119-123. f 

20 Cement Lime and Gravel. Modern Control 
Methods at a Sand and Gravel Plant. V. 45, No. 
11, November 1970, pp. 279-284. 

21 Mining and Minerals Engineering. Productivity 
Increased at Thames Valley Gravel Operation. V. 
6, No. 10, October 1970, pp. 6-7. 
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The relationship that exists between 
chemistry and the sand and gravel indus- 
try was discussed in a paper presented to 
the Road and Building Materials Group of 
the Society of Chemical Industry, London, 
England.22 

The use of olivine sand as a substitute 
for silica sand as a foundry molding mate- 
rial was discussed in articles that dealt 
with properties and uses of olivine 23 and 
resources and increasing use of the 
mineral.24 


The production of manufactured sand 
by crushing rock was undertaken in the 
United Kingdom to augment diminishing 
supplies of high-quality deposits suitable 
for the manufacture of glass.25 Crushing 
was used to produce manufactured sand by 
Genessee Sand and Gravel Co. Inc., Wau- 
kesha, Wis., from a vast accumulation of 
unmarketable stone and gravel.26 

The first use of a computer to control 
plant operations was at Kaiser Sand and 
Gravel Co.’s new Radum, Calif., plant.27 
The plant, which went into full produc- 
tion early in 1970, has a capacity of 4 
million tons per year, and was designed to 
meet increasing market demand for sand 
and gravel. 


Sand and gravel operations in the 
United States were improved by changing 
methods of mining and processing, and by 
the addition of novel operating techniques. 
Nugent Sand Co., Inc., Muskegon, Mich., a 
major supplier of industrial sand, built a 
new classifying plant and commenced 
hydraulic mining in order to improve the 
quantity of its products, and to increase its 
capacity.28 Windsor Sand and Gravel Ca., 
Windsor, Calif, replaced seven truck 
haulers and a 5-cubic-yard, front-end 
loader with a 32-cubic-yard, elevating, trac- 


tor scraper.22 An immediate increase in 
production by the substitution of rubber- 
tired loaders for a stationary crane was 
realized by Wilson Brothers, Rives Junc- 
tion, Mich.30 A unit train transportation 
system will be used by Penn Industries at 
its new facility at Plainsboro, N.J.31 

Santa Clara Sand & Gravel Co. was 
conducting at Sunol, Calif., a unique (for 
the United. States) mining operation using 
a fully automated floating clamshell dredge 
that discharges into floating conveyors.32 
The terms of the mining lease stipulate 
the creation of a large recreational lake 
upon termination of the mining operation. 
The company, as it mines, develops a 
desired lake-bottom configuration and seals 
it by returning fine sand rejected by the 
dewatering screens. 


22 Jordan, J. P. R. Chemistry and the Sand and 
Gravel Industry. Chem. and Ind. (London), No. 
27, July 4, 1970, pp. 889—892. 

2 Beckius, Kurt. Olivine: Its Properties and 
apr Ind. Miner. No. 29, February 1970, pp. 

24 Industrial Minerals. Opportunities for Increas- 
DES 9 Output. No. 29, February 1970, pp. 

25 Industrial Minerals. New Source of Sand for 
Glass Making. No. 30, March 1970, p. 39. 

22 Shannon, James J. Crusher, Transforms Sur- 
plus Stone and Gravel to Marketable Product. 
Rock Products, v. 73, No. 9, September 1970, pp. 
106-107. 

27 Pit and Quarry. Kaiser's New 2,000-TPH, $10 
million Sand and Gravel Plant. V. 62, No. 12, 
June 1970, pp. 68-86, 105. 

23 Pit and Quarry. New Mining, Process Systems 
Boost Nugent Sand's Service. V. 22, No. 12, June 
1970, pp. 100-105. | 

22 Rock Products. Elevating Scraper Loads and 
Hauls at Windsor Sand and Gravel. V. 73, No. 4, 
April 1970, pp. 46-47. 

30 Pit and Quarry. Loader Replaces Crane in 
Michigan Gravel Pit. V. 63, No. 2, August 1970, 

32 


p. 32. 

31 Pit and Quarry. McCormack Sand Division 
Will Use Unit Train to Connect New Plant With 
parei Facility. V. 62, No. 8, February 1970, pp. 
27-30 | 


32 Pit and Quarry. California Plant Using Ger- 
man System of Dredging Sand and Gravel. V. 62. 
No. 12, June 1970, pp. 134-139. 


Table 2.—Sand and gravel sold or used by producers in the United States 1 
(Thousand short tons and thousand dollars) 


Sand Gravel Total 2 
Y ear : 
Quantity Value Quantity Value Quantity Value 
Ee e 868,821 $408,757 566,160 $576,225 984,481 $984,982 
EE 358,812 409,481 547,087 571,138 905,899 980,619 
A oe 369,221 433,088 548 , 247 587,019 917,468 1,020,107 
199. 8; r 880,878 r 465,843 r 556,291 603,826 * 937,169 71,069,667 
J . OA 383,378 484,722 560,563 630,985 943,941 1,115,705 
r Revised. ! 


1 Excludes American Samoa, Panama Canal Zone, and Puerto Rico. 
2 Data may not add to totals shown because of independent rounding. 
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SAND AND GRAVEL 999 


Table 4.—Sand and gravel sold or used by producers in the United States in 1970, 
by States, uses, and classes of operations 1 


(Thousand short tons and thousand dollars) 


Sand, construction 


Building Paving 
State — A — — 
Commercial Government-and- Commerical Government-and- 
contractor contractor 
Quantity Value Quantity Value Quantity Value Quantity Value 
Alabama..............-- 1,675 $1,998 ....... ...---- 875 $896 9 331 
Alaska 119 222 15 387 47 139 6,781 12,102 
Arizona. 3, 873 4,840 0000 598 434 1,218 1, 098 
Arkansag ----------- 1,398 1,766 30 21 1,785 1,823 1,094 1,051 
California 24,193 32, 669 96 157 14,978 18,195 8,458 7,845 
Colorado 2, 2,951 78 16 661 722 897 
Connecticut. 1, 579 A IA 1,653 2,450 27 22 
Delaware 286 995. __. . 160 9g 
dae 2m ⁰ EÀ 8,288 h/ A W. . es 
Georgia 2,737 / / usw 387 JFC CDS 
Hawaii 445 , ds 8 aaa 
CCTV 188 S20 tao a Go 22 44 4,651 3,893 
Inos 6,281 6,993 2222222 duces 8,969 9,345 
ndiana__ 4,208 4,071 ....... .....-- 4,680 4,568 22 11 
lIowa........--..- m PNG 8,069 8,405 6 8 3,186 3,553 399 466 
Kansas.. 4,089 4,076 srl bolis 8,141 3,184 1,009 683 
Kentucky............--- 8,516 . _ 2,832 2,691 ....... .....-- 
Louisiana..............-- 5,016 5,258 173 346 2,049 2,0 26 52 
Maine 489 S88 eier lis 452 438 425 155 
Maryland. ............-- 5,202 / 1. 549 2:46]. «nue uote 
assachusetts_._.._..__. 2,907 S/ A mondas 2, 502 2,799 615 857 
Michigan. 6,971 6.18) 2:215. ua 4,884 4,720 2,055 1,163 
Minnesota__.___________- 4,627 // AN 2,091 1,547 2,087 1,210 
Mississippi 2,255 c ͤ re 1,765 1,703 
Missouri 4,352 9,866 ....... 2 1,514 1,456 1 17 
Montana 272 440 ......-. _ 122 2,193 8,042 
ebraska..............-- 2,591 2.109' ⁰ 1,477 1,658 181 
Nevada . 893 1,473 1 5 189 285 
New Hampshire 794 WI E A 656 548 396 119 
New Jersey 4,358 E A scours 1,833 2 159. A 
New Medien. 511 BOT. ctas. 8 276 305 254 324 
New York ` 9,582 12,608 43 65 3,740 4,414 905 „ 501 
North Carolina 3,26 494 A 1,946 1,721 1,969 1,335 
North Dakota. ` 485 567 27 13 221 185 
Ohio 6, 608 8. ooze teu 8,427 9,999 89 98 
Oklahoma. -_-.---------.. 1,737 1,899 323 304 717 826 1,020 386 
Oregon 1,213 oc. cese 819 997 217 847 
Pennsylvania 4, 700 7777 poca 3,158 5,038 
Rhode Island. . .........- 653 HORS uz. wien 206 251 45 56 
South Carolina 3,310 2:012 sorna Xxx W „„ A 
South Dakota. ..........- 496 GOT e 8 254 287 248 205 
Tennessee. 1,822 2000. uuu. ¿L uu 935 1,678 
Teras 8,886 10,894 20 2 2,080 2,426 605 704 
E 7 MAA A 1,11 1,252 8 12 569 479 420 262 
Vermont 468 B89! cauca. aa 358 303 521 260 
Virginia 4,116 55% Lus sete coc 2,497 2,212 
Washington 2,281 3,334 13 22 1,062 1,238 266 266 
West Virginia 1,233 1.405. Luya moos. aus 343 508 ` uoo. 212085209 
Wisconsin... ........---- 8,640 3,439 _. . . . 2an 2,451 1,947 2,359 1,274 
votmming. ggg 145 22222 Casals 61 600 1,726 1,725 
Haien, ⁵ ⅛ðUe yx ⁊ͤ eedem “al 852 „„ seemed 
Totaal 165,378 196,495 833 1,058 95,829 106,023 43,130 41, 965 
American Samoa._.....-. ....... ------- 4,847 , A IA 
Panama Canal Zone 60 ON. uscucus Ulloa. 8 
Puerto Rico 52 2, 726 6,730 137 425 1,945 4,445 30 98 


e Estimate. W Withheld to avoid disclosing individual company confidential data; included with 


“Undistributed.” . 
1 Excludes American Samoa, Panama Canal Zone, and Puerto Rico. 
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Table 4.—Sand and gravel sold or used by producers in the United States in 1970, 
by States, uses, and classes of operations 1—Continued 


(Thousand short tons and thousand dollars) 


Sand, construction—Continued 


Railroad Fill Other 2 
State ballast 
(commercial) Commercial Government- Commercial Government- 
] and-contractor and-contractor 
Quan- Value Quan- Value Quan- Value Quan- Value Quan- Value 
tity tity tity tity tity 
Alabama W W 104 7 Sages Wo è WC ees... aa- 
Alaska. ........- -- E fid. a 2 5 26 $29 310 $775 10 $71 
Arizona W W 570 208. 31 31 W NN hadats 
Arkansas 135 „„ ts 43 49 ceba. 8 
California W W 8,061 2,799 363 121 852 o aa- 
Colorado 129 105 2 3 322 448 ĩðͤ 8 
Connecticut. |... ...... ....-- 329 205. 22. debas 241 276 32 23 
elaware________ -.-... ooo. W Jö sss W W __.... aa- 
opida ooo ---... 2-a W W 298 158 W NN ludum 
Georgia 22 gd unio asnos 57 77 ula 
Hawaii. W Jö RS abusa, 8 
Idaho........... ....-- ooo... W W 20 1 1,019 628 10 2 
Illinois W We gecesi W MI 
Indiana W W 828 D89 ET, - W W 1 1 
OW a W W 971 T locum W W 2 1 
Kansas W W 935 528 2 1 172 182 8 
Kentucky ocio ..---- 942 .) ppm men 
Louisiana. W ü ↄA!kA!ã Bassa. ati 8 
Aid. A WI 280 127 200 48 W W 32 9 
Maryland....... ...... ..-.-- W 36 5 W NN Shean 
Massachusetts 540 234 168 36 608 779 68 109 
Michigan W W 3,655 1,783 677 291 546 500 132 77 
Minnesota | W W 813 707 123 53 W W 90 40 
Mississippi W W W N assoni W PFF 
issourii. d 330 23;ö; 8 90 Jö A 
Montang az. 5 6 26 18 W „ 
Nebraska W W 699 608 11 5 W KK, eersten ` See 
Nevada `, 114 167 70 34 31 70 8 4 
New Hampshire 434 259 18 6 635 318 cuo julia 
New Jersey W W 1,002 DID Qo qois 2,640 3,750 5 5 
New Mexico 76 76 26 21 W W 2 2 
New Vork 704 327 1,692 561 803 283 67 87 
North Carolina... W W 431 278 432 324 W W 830 251 
North Dakota... ...... .....- 151 I3N- Leeson: socias e Esta 
Ohio W W 1,284 1,079 ...... ..-.-- 211 3000 86 
Oklahoma W W 254 c basa 295 290 9 7 
Oregon W W 368 311 6 3 50 56 6 4 
Pennsylvania_... ...... .....- 85 LIS: casita deis 739 1,449 ...... .....- 
Rhode Island.... ...... ....-- W W ices. ndum W W pte usa 
South Carolina... w W W W. ita. ada W Wo a toe 
South Dakota ...... .....- 110 60 1 1 W W 25 13 
enness eee W WE sus ete 49 OF ARE 
JJ T 314 234 3 (3) 960 1,251 ..--— ------ 
Utah once, eras sas 245 70 80 2 W W 11 8 
Vermont 206 76 36 20 W We Aches, as 
Virginia W W 357 173 51 18 W NN AAA 
Washington 604 342 694 348 92 116 114 67 
West Virginia. W MW tees. tees, octets Qa ⁊ͤ sas is 
Wisconsin 1,945 1,090 142 62 W W 177 102 
Wyoming 36 4 bissas W W 1 1 
Undistributed.... 1,235 $727 5,163 3,669 ...... ...... 2.997. 2,421 ... .... 229222 
Total. 1,235 727 28,283 19,014 5,234 2,195 12,728 15,206 1,632 834 
American Samoa. ...... .....- .....-. nooo. 22,085. 20. 30h0hhͥozrrrr [Ä 
Panama Canal 
Zonet nac ͥ Y ⁵ ↄ . ĩ⅛ͤ2 y. ĩ˙ mä cn ¿Laga autc HE ua 8 
Puerto Rico 0e 1:012. , desa d ds 


e Estimate. 
“Undistributed.” 


1 Excludes American Samoa, Panama Canal Zone, and Puerto Rico. 


2 Includes unspecified. 
3 Less than 1⁄4 unit. 


W Withheld to avoid disclosing individual company confidential data; 


included with 
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Table 4.—Sand and gravel sold or used by producers in the United States in 1970, 
by States, uses, and classes of operations 1—Continued 
(Thousand short tons and thousand dollars) 


State 


California 
Colorado 


Missouri 


New Hampshire 
New Jersey...... 
New Mexico 


Oregon 
Pennsylvania 
Rhode Island 
South Carolina 
South Dakota 
Tennessee 


Virginia 
Washington 
West Virginia 
Wisconsin 
Wyoming 
VUndistributed _ 


American Samoa. 
Panama Canal 


Glass 
Quan- Value 
tity 


W W 
1,513 $7,446 


ma om 
one = omg e 
— wm ep - e» 
— wg — ep e 
me wg wm op — 
ep em vm — gp em 
-æ we em æ om e 
ep a ep ge 
" op — gp ow 
wm em em am em em 


5,050 


18,026 


Sand, industrial (commercial) 


rns — ———— yq HE EQ o Qu —— 


Molding 

Quan- Value 
tity 
W W 
W w 
W W 
W 
W WwW 
W W 
1,109 $4,303 
W W 
W W 
W W 
3,188 5, 994 
W W 
W W 
W W 
W wW 
613 2,949 
139 687 
464 2,146 
W 

102 401 
W W 
W W 
W W 
139 434 
W W 
782 2,190 
1.542 5,440 


Grinding and Blast 
polishing 
Quan- Value Quan- Value 
tity tity 
ANA A W 
5 W 
as edo 179 $1,168 
% ee W wW 
FFC W W 
— W Ww 168 898 
Cͤͤ;¶¶;!¹“]⅜! W wW 
A A AS W W 
ea W W 
Sees A W W 
ff w w 
I W W 
W W W W 
eer Lusi toa W W 
W W W W 
F W W 
S (2) W 
) 114 455 
1 W W 
55 W W 
5 W W 
W W W W 
Su MEER a 20 103 
! w w 
3 W W 
S W W 
E W wW 
W W W W 
aras is 73 253 
313 $744 549 2,612 
313 744 1,103 5,489 


Fire of 

furnace 
Quan- Value 

tity 

W W 
W W 
5 — W 
W OW 
W W 
W W 
W Ww 
W Ww 
W W 
36 $128 
W W 
14 27 
W W 
W wW 
318 692 
368 842 


e Estimate. W Withheld to avoid disclosing individual company confidential data; included with 


“Undistributed.” 


1 Excludes American Samoa, Panama Canal Zone, and Puerto Rico. 
2 Less than 1⁄4 unit. 
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Table 4.—Sand and gravel sold or used by producers in the United States, in 1970, 
by States, uses, and classes of operations 1—Continued 
(Thousand short tons and thousand dollars) 


Sand, industrial (commercial) —Continued 


State Engine Filtration Oil (hydrafrac) Other Ground sand 
Quan- Value Quan- Value Quan- Value Quan- Value Quan- Value 
tity tity tity tity tity 
Alabama W W W WW eet ee W NWR tol as 
Alaska S o e iaa. as mee aaa. a 17 $04 12-2. A 
n K (2) W W W 24220 A A sa 
))) ds. da diia ads troie W WwW WwW 
California 54 $189 W W W W 52 258 137 $1,482 
Colorado W W W W W W W escea, SA 
FFC u u ts a o este: A tb W W. Rt 
DOI wapo RETRO TTD do ass. us. a ado T lata aj caen 
orida.......... W W W W. iu > ss W W W W 
Georgia W W W We eee Bed W W W W 
C ⁹ 0Ü¹ͥ w 6 ¼ 7ͤͤ ͤKK ula. ðͤ us W MD uses ames 
Idaho. sie ata. .. a ð ß — io. ai lesen: ads: a 
Illinois W W W W WwW W W WwW W W 
Indiana W „%% e ¿Qz S ees WwW W W 
Iowa a. (2) W W W A Gn W N Tesis 
„ 16 24 W (2) 6 W W 24 51 
Kentucky....... W A ³»o . cé ĩᷣ ͤ MIL. MARE S w W 
Louisiana W J; also. ³ð2vũĩ “8 WwW W 
Maine W JP AA ` AA W D'ACTIONS 
11117 ex eco: decem... ³Ü6»ͥu W W 
Massachusetts W NS ů eee W ME. ou lee 
Michigan W iV ACER E W W W W 
Minnesota W W MEOS W WwW Ww W W W 
Mississippi W TT ))G“GGGGCCE (!( dd ð v ĩðͤ ide 
ÍSSQUN __ W W W WNW esos W W W W 
Montane a ²˙ d ]]]! quemess W „ 
NeDISSER 6 ³²¹ ] ³ ĩð . é ⁊ð K K ; ⅛ W vx 
Nevada... o.c . d x aaa W W W W 
New Hampshire ...... ...-.- amo oo. W UN ura ¿Luz 
New Jersey... ` W W W Me AS 271 699 89 850 
New / //, ²ĩ AAA T W W arseen eee es 
New York....... W W W W mcd. clt W W W 
North Carolina... ...... ooo... W 7 / oT PTT PIRE 
North Dakota. m tm Gneci. wee. d hdd ⁰¶⁰ꝗdpm 
71 W W W N Jum acus W w WwW 
Oklahoma W Wee A W W W W W W 
Oregon W „ , o ted W ( 
Pennsylvania W W (2) W (2) W W W 62 685 
Rhode Island... ⁵ð ſ ⁵ d ĩðͤ ß a W „„ 
South Carolina W W W hen W W 72 701 
South Dakotü.... -.uolc. sli, erte sao W W A A IA 
enness eee W EE W WwW 
Texas W WwW W W W W 107 805 605 1,434 
Uta WwW JJ! W WwW 
ĩõĩoðO»WW»... ees as Es a aa V Ae, vw sS 
irginia_. WwW WwW (2) FFC W W 
Washington ocaso caidas ]⁵]²I. ]² ¹²i]y ñ⁵«iↄ dd e aa 55 595 
West Virginia W W (2) W. A W W W 
Wisconsin W W W W W AW" multe ` Set w W 
WYODDg...--— Lem “destina. e aida. pdas W NTT · "asen 
VUndistributed _ 774 1,849 257 $618 296 $2,360 4,411 8,503 1,167 9,428 
Total 844 2,062 257 618 296 2,360 4,858 9,819 2,211 15, 226 
American Samoa. ...... ...... „ „ 77% A d AA 
Panama Canal 
)))) .ÜÜ¹ð.»AAAAAA as eed: ea is ² ·˙ f do, a tios, Gennes eee Bese sus 
Puerto . ⁵́ / ↄ ⁵ y yſ // dais? aula. Cuecas 
e Estimate. W Withheld to avoid disclosing individual company confidential data; included with 
“Undistributed.”’ 


1 Excludes American Samoa, Panama Canal Zone, and Puerto Rico. 
2 Less than 1⁄4 unit. 
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Table 4.—Sand and gravel sold or used by producers in the United States, in 1970, 
by States, uses, and classes of operations 1—Continued 


(Thousand short tons and thousand dollars) 


Gravel, construction 


Building Paving 
State — ——"—- 
Commercial Government-and- Commercial Government-and- 
contractor contractor 
Quantity Value Quantity Value Quantity Value Quantity Value 

Alabama. . 1,854 $2,852 ....... ......- 1,154 $1,875 11 $37 
Alaska 31 168 5 32 224 2 15, 838 24, 610 
Arizona. .............-.- 2,913 4,112 48 40 2,414 8,617 4,997 4,222 
HBüB. 2c Sete 1,530 2.784. A O 4,618 5,299 1,538 1,413 
California 24,532 34, 542 124 179 30,979 39,992 20,956 20, 370 
Colorado 3,275 5,252 384 14 7,438 7,176 4,224 4,910 
Connecticut.. 917 1502 eee lu sn e 832 1,122 41 48 
Delaware 75 85 wg W. We chee, Shenk 
Florida -2 W hh W W 2 15 
Georgia w „)) unas o W SEENEN 
Hawaii 41 112. tos 8 9 30) A uuu s 
Idaho. eect: 274 491 66 80 748 829 2,020 1,750 

Illinois -_- 7,580 8,370 7 5 12,307 15,127 408 
Indiana 3,390 4,577 95 42 7,381 8,740 792 462 
Logg -aaan 1,208 2,184 7 8 3,897 4,018 4,283 2,804 
Kan sass 207 240 uc. eee 1,183 1,267 1,499 1,049 
Kentuckyůyh) 578 8055 1,032 1,454 238 101 
Louisiana ___. 6,805 8,926 169 338 3,667 4,796 42 100 
Maine 420 191 12 978 1,263 8,481 3,325 

Maryland 3,694 rf ius 1.337 2,120 

Massachusetts 2, 840 5,121 71 176 3,287 3,910 1,626 1,650 
Michigan 6,201 10,006 38 24 17,116 16, 245 4,474 3,103 
Minnesota. .............- 3,518 5,929 unde aaa 23,223 17,441 6,351 4,095 
Mississippi VV 2,264 2,682 uico sul 3,761 4,751 235 174 
Missouri. 1,916 2259000 ato 3,111 3,104 1 
Montana. Le EE mo 8 1,002 1,166 14,836 14,122 

Nebraska 825 864 29 44 5, 055 5, 758 748 
Nevada  _ -2 1,119 1,894 889 234 2,090 2,066 1,368 994 
New Hampshire 885 ODA n9 52. a e 1,095 1,104 955 171 
New Jersey 1,532 /// / / 1,016 1,450 3 2 
New Mexico 676 867 4 9 3,906 2,776 4,539 5,092 
New York 4,763 ve NB 4,093 4,675 4,346 3,559 
North Carolina 1,084 L; 002^ aora. vaa 1,620 1,917 452 233 
North Dakota. `, 804 1,095 107 4 5,047 8,746 981 857 
Gio 8 7,192 9, 905 3 5 13,970 19,248 134 125 
Oklahoma 54 25 37 7 50 420 634 
Oregon____. 2,951 8,918 155 89 4,775 6,860 4,954 10,208 
Pennsylvania 3, 501 ERT, “discon 3,531 6,529 AAA 
Rhode Island. ........... 619 / 303 359 45 56 
South Carolina W NN (muaa W MW mullo. unica 
South Dakota 152 245 2 2 4,762 4,062 9,144 10,079 
Tennessee 872 e,, sedas 1,198 1,470 744 653 
+ Lol es 8 8,840 15,391 52 42 8,196 4,507 3,294 3,361 
tO ra ð A L S 1,40 1,573 7 16 4,973 4,475 1,625 1,311 
Vermont 515 1G: ¡caceria Beseods 1,163 1,589 267 
Virginia 2, 670 55000 Z 564 758 3 1 
Washington 3,990 5,524 17 37 7,680 9,733 4,776 3,665 
West Virginia 978 r / Eu eo 425 61! aa- 
Wisconsin 4,292 oe ` ZQ S SS s 15,488 13,401 7,437 5,213 
Wyomn g 217 384 23 43 3,673 3,608 2,329 2,300 
Undistributed 1,855 % AAA ` Sieg 908 1:286 Guiana. 8 
Total.. ..--------- 128,125 189,826 1,839 1,516 222,261 246,936 141,316 187,579 


Puerto Rico `. 1,760 5,889 . Lollli uba yaa 1,147 % ĩ é Siete 


e Estimate. W Withheld to avoid disclosing individual company confidential data; included with 
“Undistributed.” . 
1 Excludes American Samoa, Panama Canal Zone, and Puerto Rico. 
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Table 4.—Sand and gravel sold or used by producers in the United States, in 1970, 
by States, uses, and classes of operations 1—Continued 
(Thousand short tons and thousand dollars) 


Gravel, construction—Continued 


Fill Other 
Railroad ` —— —— v —V T ny ——.Ə .—ə.—.— Gravel 
State ballast Government- Government- miscellaneous 
(commercial) Commercial and- Commercial and- (commercial) 
contractor contractor 
Quan- Value Quan- Value Quan- Value Quan- Value Quan- Value Quan- Value 
tity tity tity tity tity tity 

Alabama........- 8 W ates 124 8150 W W 
Alaska 2... — 1,063 $973 705 $417 334 858 4 $20 9 $29 
Arizona W W 7 541 101 36 62 153 176 8 17 
Arkansas S 44 839 8 | aan. — 649 607 
California 286 $422 1,616 1,302 6,536 2,588 874 1,151 (2) 1 345 533 
Colorado W W 523 516 1,429 499 W W 62 24 114 146 
Connecticut W W 389 CN E EES 95 155 51 87 W W 
Delaware e. nm W N AN WE 225 sas W WwW 
Florida........... 3 W „ quus a a % ˖ ͤ AA 
eorg ia 3 W AAA OS A 8 
Haea EE GEES 2 CCC 

Idaho...........- — — 2,494 1,414 706 86 117 152 585 299 W 
Illinois. W 1,408 1,0500 DO 22 108 
Indiana W W 1,481 1,038 ek, “teehee, Tee, ENS 
Iowa. W W 14 3 2,435 1, 572 3 19 W W 
Kansas W W 38 40 mL. ~... «---. 206 715 
Kentucky - 30 51 39 39 1 (2) W NN A Gaun “sassa 
Louisiana 3 W W asin ees 1 DO Aes ea W 
a ine W W 204 125 198 46 W W 10 2 W W 
Maryland 3 W G; ³ꝛ·A AA LE bes W W 
Massachusetts. 21 40 1,349 854 2 8 818 522 71 141 629 690 
Michigan 138 186 383 229 446 201 354 522 34 19 213 136 
Minnesota 166 191 1,818 499 517 233 510 6299 -.... 131 166 
Mississippi W W Woo. aaa 8 WwW W 
issouri Bette. ses 9 10 nun ga 20 23 4 100 83 
Montana 5 169 118 475 276 56 104 57 31 W 
Nebraska. e ioana 298 160 38 25 127 113 25 209 175 
Nevada. ........- 525 236 1,365 1,110 141 116. X ¿loas 4 4 34 169 
New Hampshire 239 7 8 W W `... -.-. 423 401 
New Jersey a... ..--. 1,235 1,856 2 1 211 429 .... .... 169 409 
New Mexico 3 123 112 98 45 3 5 33 29 96 205 
New Lor Kk a... 1,789 910 2,329 1,354 W W 26 2 721 809 
North Carolina W NJ . A cite 1 1 W W 
North Dakota 144 76 86 87 12 4 11 114 OI 1 
ooo W W 1,520 222 ui W . 904 1,257 

Oklahoma /) apse. “ees. ĩ K meee. rufis um . 5 
Oregon W W 875 594 37 19 801 9990 ts 90 106 
Pennsylvania W W W W jose es 563 898 .... .... 127 195 

Rhode Island ——— W MO nano AA Sess „ 

South Carolina. W N xz W „ ee, Cee es 
South Dakota W W 117 91 2 2 W W 118 118 889 691 
ennesse _ _ W W W W 40 40 W N W W 
Texas Lx UM f: 252 1800 1,402 2,3008 87 47 
Utah: . uon 114 14 184 88 858 346 7 16 10 7 
Vermont TOR E FE, 170 TE ascese ER w W uu nose W W 
Virginia DONC W W 5 2 W F 11 20 
Washington W W 1,520 1, 225 964 332 174 276 79 40 376 465 
West Virginia W W W Wo fees !.. ECOLE 8 
isconsin _ ....... 158 99 1,443 799 459 229 17 2L IL “ua W 
Wyoming 295 110 60 46 29 26 168 127 1 1 137 37 
Undistributed EM 816 899 2,019 1,849 ..... ..... 2,183 2,455 .... -... 1,944 3,282 
Total. 2, 768 2,416 27,066 19, 592 16,144 6,990 11,069 13,611 1,323 1,009 8,658 11,521 


American Samoa__ .... .... ..... ----- 
Panama Canal 


e Estimate. W Withheld to avoid disclosing individual company confidential data; included with 
Undistributed.“ 

1 Excludes an Samoa, Panama Canal Zone, and Puerto Rico. 

2 Less than 1⁄4 uni 
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Table 7.—Sand and gravel sold or used by producers in the United States 
by classes of operation and degree of preparation 1 
(Thousand short tons and thousand dollars) 


1969 1970 
Quantity Value Quantity Value 


Commercial operations: 


Prepared. e ad aaa r 668,413 r $853,835 680,319 $887,792 
e ße eee ete 2 62,569 41,766 52,167 34,794 
( ds da r 730,980 r 895,599 732,493 922,564 
Government-and-contractor operations: 
Prepared: AA A ee ee 156,394 142,967 184,120 177,976 
DUnDrIeDpared. .. oe yyy m 49,793 31,103 27,333 15,164 
((( ense a Sumo 206,189 174,070 211,454 193,145 
Grand total2__ ß r 937,169 71,069,667 943,941 1,115,705 


r Revised. 
1 Excludes American Samoa, Panama Canal Zone, and Puerto Rico. 
2 Data may not add to totals shown because of independent rounding. 


Table 8.—Number and production of domestic commercial sand and gravel plants, 
by size of operation 1 


1969 1970 
Annual production Plants ? Production Plants 2 Production 
(short tons) SSS 
Number Percent Thousand Percent Number Percent Thousand Percent 
of total short tons of total ` of total short tons of total 
Less than 25, 000 2,375 37.7 26,219 8.6 2,042 34.5 22,133 3.0 
25,000 to 50,0000 1. 047 16.6 38,513 5.3 1,016 17.2 86,929 5.1 
50,000 to 100,000. e 1,023 16.2 74,626 10.2 1,020 17.2 75,971 10.4 
100,000 to 200,000. ........... 855 13.6 122,222 16.7 856 14.5 124, 013 16.9 
200,000 to 300, 00⸗0o -------- r 415 6.6 1 100,679 r13.8 371 6.8 92,858 12.7 
300,000 to 400,000_----------- 208 3.2 72,899 10.0 216 3.6 75.000 10.2 
400,000 to 500, 00 — 113 1.8 50,139 r6.8 130 2.2 58,271 8.0 
500,000 to 600, 0000 81 1.3 44,377 6.1 62 1.0 34,707 4.7 
600,000 to 700,000. ..........- 40 .6 25,810 3.5 51 .9 32,984 4.5 
700,000 to 800, 000 — 41 . 6 30, 794 4.2 31 5 23, 240 3.2 
800,000 to 900,000. ..........- 20 .9 17,072 2.3 30 5 25,773 3.5 
900,000 to 1,000,000. . ...-...-- 18 .9 17,278 2.4 24 .4 23,741 8.2 
1,000,000 and over...........- 73 1.2 110, 352 15.1 69 1.2 106,878 14. 6 
Total.. --------------- r 6,309 100.0 r730,980 100.0 35,918 100.0 732,493 100.0 
r Revised. 


1 Excludes American Samoa, Panama Canal Zone, and Puerto Rico. 
2 Includes a few companies operating more than 1 plant but not submitting returns for individual plants. 
3 Not comparable to previous years. 


Table 9.—Sand and gravel sold or used in the United States, by classes of operation 
and methods of transportation 1 


1969 1970 
Thousand Percent Thousand Percent 
short tons of total short tons of total 
Commercial: 
Trick. ss rd ado ie lo r 642,025 69 643,853 68 
Rails oo II E ͤ ari E 56,565 6 52,034 6 
Wa ¾ ᷣ cam caue temi 31,912 3 30,638 3 
peil. 477 (2) 5,957 1 
Total commercial 33322 730, 980 78 732, 498 78 
Government-and- contractor: Truck *................ 206, 189 22 211,454 22 
Grand total eee r 937,169 100 943,941 100 
r Revised 


1 Excludes American Samoa, Panama Canal Zone, and Puerto Rico. 

2 Less than 0.5 percent. 

3 Data may not add to totals shown because of independent rounding. 

4 Entire output of Government-and-contractor operations assumed to be moved by truck, 
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Table 10.—Ground sand sold or used by producers in the United States,1 2 by uses 
(Thousand short tons and thousand dollars) 


1969 1970 
Use — — 
Quantity Value Quantity Value 

Abreise usus E 253 $2,191 260 $2,196 
Chemicals 291 799 77 651 
MCK ß mam Rd mee CLIE 52 493 45 450 
iQ emen 123 1,253 152 1,281 
Foundry uss 274 1,725 206 1,485 
Glasi a a a LEE 330 1,951 ` 349 2,080 
Pottery, porcelain, tile 269 2,913 261 3,168 
Unspecified__........--......------------.------- 309 3,132 861 3,912 
hr ii ee 1,900 14,460 2,211 15,226 


1 Arkansas, California, Florida, Georgia, Illinois, Indiana, Kansas (1970), Kentucky, Louisiana, Maryland, 
Michigan, Minnesota, Missouri, Nevada (1970), New Jersey, New York, Ohio, Oklahoma, Pennsyivania, 
South Carolina, Tennessee, Texas, Utah, Virginia, Washington, West Virginia, and Wisconsin (1970). 

2 Excludes American Samoa, Panama Canal Zone, and Puerto Rico. 

3 Data may not add to totals shown because of independent rounding. 


Table 11.—U.S. imports for consumption of sand and gravel, by class 
(Thousand short tons and thousand dollars) 


Sand, n.s.p.f., crude 
Glass sand ! or manufactured, Total 
Year and gravel 
Quantity Value Quantity Value Quantity Value 


8888. ³ð ( 25 $144 729 $984 754 $1,128 


TA m. ya ee 43 194 r 855 1,253 r 898 1,447 
TOT uc nee a 64 262 815 1,338 879 1,600 
r Revised. | 


1 Classification reads: “Sands containing 95 percent or more silica and not more than 0.6 percent oxide of 
iron and suitable for manufacturing glass." 
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Silicon 


By Frank L. Fisher? 


Production of silicon metal and ferrosili- 
con increased during the year to meet the 
growing consumer demand for a wide vari- 
ety of products. A scarcity of ferrosilicon 
in Europe and Japan continued to buoy 
up the worldwide price. High-purity and 
ultra-high-purity metal, while small in vol- 


ume, continued to be an important cog in 
the electronic industry. One company an- 
nounced the production of its 50 millionth 
silicon electronic device since the metal 
was introduced in electronic applications 
in 1957. 


DOMESTIC PRODUCTION 


Production of silicon metal showed an 
approximately 8-percent increase over that 
of 1969. Producer stocks were higher, in- 
creasing to 6,089 tons during the year. The 
rise in production paralleled the world- 
wide increase in demand for ferroalloys. 
The larger electric furnaces with closer op- 
erational control introduced in 1970 re- 
sulted in a more uniform, higher-quality 


product. Production of miscellaneous sili- 
con alloys dropped sharply compared with 
the previous year. Foote Mineral Company 
began production of silicon metal at its fa- 
cility in Wenatchee, Wash., and the Jack- 
son Iron & Steel Company, Jackson, Ohio, 
ceased silicon metal production in 1970. 


1 Physical scientist, Division of Ferrous Metals. 


Table 1.—Production, shipments, and stocks of silvery pig iron, ferrosilicon, and 
silicon metal in 1970 1 


(Short tons, gross weight) 


Silicon 
Alloy content 
Silvery pig iron 5-24 
Ferrosilicon (includes briquets ) 25-55 
;ö; AN 8 56-70 
J)) 8 71-80 
DOs es !!! 8 81-95 
Silicon metal (excludes semiconductor 
... ⁰ 96-99 


Miscellaneous silicon alloys (exclusive of 
silicomanganes _ 
Other silicon alloys and products. ....... 


r Revised. 


Producers' 
stocks as of 
(percent) Dec. 31, 1969 r 


Producers’ 
stocks as of 
Dec. 31, 1970 


Production Shipments 


W W W W 
32,273 423,774 331,338 63,197 
W W w W 
14,389 139,315 138,172 22,875 
2,324 10,004 11,050 1,602 
3,923 109,011 97,725 6,089 
4,640 48,659 39,344 8,694 
1,936 7,806 6,380 2,890 


W Withheld to avoid disclosing individual confidential data. 


1 Excludes ferrosilicon used to make other silicon alloys. 
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Table 2.—Producers of silicon alloys and/or silicon metal in the United States in 1970 


Producers Plant location Product 
Air Reduction Co. Inc., Airco Alloys and Carbide Calvert City, Ke FeSi. 
Division. 
Dorada o LE Niagara Falls, N. ren silvery iron. 
Universal Oil Products Co., Alabama Metallurgical Selma, Ala FeSi. 
Corp. Division. 
Chromium Mining and Smelting Cord Woodstock, Tenn Do. 
Foote Mineral Cb oooꝛꝛ Graham, W. Vv aaa Do. 
P) ³ K ⁵ĩð 8 Keokuk, Iowa. FeSi, silvery iron. 
Do. Ae ee oe elt ⁰⁰yt y UE Vancoram, Ohio............ FeSi. 
A du . Wenatchee, Wash. ........- FeSi, Si. 
The Hanna Furnace Corp.........................- uffalo, N. Y... Silvery iron. 
Hanna Nickel Smelting Ccö o Riddle, Oreg eSi. 
Interlake Steel Cor Beverly, Ohio FeSi, Si 
National Metallurgical Cor Springfield, Oreg........... Si. 
Ohio Ferro-Alloy8 Cord Brilliant, Ohio. ...........- FeSi, Si. 
DOs ee sus eS suu . ra a OS Philo, Ohio FFF Do. 
P%%õöͤößswĩösß0². E Powhatan Point, Ohio Do. 
|o u uo SC KOCH ⁰ Tacoma, Wash............- Do. 
Reynolds Metal Co Sheffield, Alaa 81. 
Union Carbide Corp., Ferro Alloys Division Alloy, W. Va FeSi, Si 
| p T NES METAM eee xx Ashtabula, Ohio...........- FeSi. 
RI EE Marietta, Ohio Do. 
DO: Mec ꝛ w ... EE Portland, Oreg............. Do. 
RH TER ↄðö / AS Sheffield, Ala Do. 
Woodward ¿y AE A ͤ(ͤ0 A ee eee Woodward, Alaa Do. 


CONSUMPTION AND USES 


The use of silicon and its compounds 
decreased from that of 1969. One exception 
was 56-70 percent ferrosilicon, which 
showed a 45 percent increase in consump- 
tion. The consumption of silicones and 
high-purity electronic-grade silicon metal 
continued to show gains as expanded mar- 
kets developed for these products. Contin- 


ued demand for silicone products seems as- 
sured because of the inherent properties 
they exhibit on chemical inertness, heat 
stability, water repellency, and dielectric 
strength. Since General Electric Co. intro- 
duced the silicon controlled rectifier 
(SRC) in 1957, this one company has pro- 
duced more than 50, million such devices. 


Table 3.—Consumption by major end uses and stocks of silicon alloys and metal 
in the United States in 1970 


(Short tons) 
Ferrosilicon ! 
Silvery Silicon Miscel- 
pig iron Silicon content (percent) metal laneous 
silicon 
5-24 25-55 56-70 71-80 81-95 96-99 alloys 2 
Steel: 
Carbon 5,315 104, 561 13,124 19,922 177 w 14,710 
Stainless and heat- 
resist ing W 16, 626 174 5, 746 132 119 421 
Alloy (excludes stainless 
and heat-resisting) .. 4,987 42, 160 3,172 85,978 1,035 1,423 3,295 
„„ sms uma 2,06 W 661 w W W 
Cast iron s 131,634 134, 710 1,450 18, 654 4,729 W 47,123 
Superalloys...............- 8 W 28 W W 9 
Alloys (excludes alloy steels 
and superalloys ) W 8,517 W W W 42, 757 W 
Miscellaneous and unspeci- 
fied...... VO Mu Er 6,046 14,363 242 618 6,075 16,394 4,426 
Total. ata 147,982 318,389 18,162 81,597 12,148 60,693 69,984 
Consumers stocks Dec. 
81, 1970 — 12, 723 29,045 1,766 5,118 2,098 6,849 8,456 


W Withheld to avoid disclosing individual company confidential data; included in “Miscellaneous and un- 


specified.” 
"n Includes briquets. 


? Includes magnesium-ferrosilicon and other silicon alloys. 
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PRICES 


Silicon metal and ferrosilicon prices in- 
creased during the year. An additional 
price increase announced in December will 
be effective by mid-January 1971. Silica, 
amorphous in 50-pound bags was quoted 
at $27 per short ton at the end of 1970 for 
the 96-99 percent through 200-mesh screen 


size. The prices were higher for finer mesh 
material. Quartz rock crystals were quoted 
at $330-$1,100 per short ton and optical 
quality at $2.50-$50 per pound. The 
higher prices are attributed to rising raw 
material, labor, power, and environmental 
control costs. 


FOREIGN TRADE 


Exports of ferrosilicon increased sharply 
during the year with 44,694 short tons ex- 
ported valued at nearly $11.9 million. West 
Germany was the major importing country 
followed by Romania, Canada, and Japan. 
Twenty-two other countries reported ship- 
ments of ferrosilicon from the United 


Japan were the major sources of imported 
ferrosilicon among the 10 countries export- 
ing the metal to the United States. 


Table 4.—U.S. exports of ferrosilicon 


í Value 

States. Imports were down approximately Year Short tons (thousands) 
30 percent although the value totaling 1 18.872 $4,451 
$4.1 million was about the same as that 1969. 6,487 1, 666 
19710. AAA 44,694 11,887 


imported in 1969. Canada, France and 


Table 5.—U.S. imports for consumption of ferrosilicon, by grades and countries 


1968 1969 1970 
Short tons Short tons Short tons 
Grade and country Value Value —— Value 
Gross Silicon  (thou- Gross Silicon  (thou- Gross Silicon  (thou- 
weight content sands) weight content sands) weight content sands) 
8 percent but less than 60 
percent silicon: 
Canada 12,419 2,608 $729 15,344 4,515 $1,074 9,450 1,738 $652 
France 354 17 7 r 612 r 294 r181 1,395 670 473 
Germany, West 281 130 74 77 39 22 402 200 119 
11110. boas. ads 31 1 11 80 38 21 
Japan 3,459 1,705 884 3,534 1,683 850 2,035 958 595 
Norway. ----------—- 1 (3) (1) 3 1 (3) 59 26 18 
South Africa, Repub- 
NG Ol AR IAS 64 32 d. A ume 9b 
TODA on é 16,514 4,614 1,784 719,665 76,579 r2,141 13,421 3,630 1,878 
60 percent but not over 80 
percent silicon: 
añada ou tencia: pad AP le oboe 1,379 1,067 261 4,722 3,648 908 
France.............. 1,849 1,127 550 12,465 71,0624 r 676 2, 676 1,634 1,010 
Germany 
7 anos. enm ]⁰o6¹ wr ek yel 8 28 21 10 
West 462 277 137 404 248 120 405 248 128 
/ ⁵³ĩ· AAA aia” , ads 1.925 1,444 209 Umi. sacada EA 
e . ado Jsu ye, 661 529 190; 4.2222 
Noreag ------------ 1,037 794 141 3,471 2,645 453 620 464 92 
Rhodesia, Southern... 1,459 1,117 % ³ĩÄ •„⁵ö¼ide q ¼⁊ 
South Africa, n. e. e 21 1b! ðâ 
South Africa, Repub- 
lico... E 1,292 1,006 183 1,410 1,095 208 433 330 69 
Yugoslavia. ......... 1,920 1,378 150 2,101 1,599 I 8 
dk —— 8,040 5,710 1,350 r13,816 710,251 72,407 8,884 6,345 2,217 
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Over 80 percent but not 


over percent silicon: 


tal 178 153 38 20 17 E Ogos 
South Africa, Repub- 

lic sess re 158 135 35 113 97 25 99 85 22 

Total... 336 288 73 133 114 29 99 85 22 


Grand total 4,117 


r Revised. 
1 Less than 1⁄ unit. 


3,207 33,614 16,944 4,577 22,404 10,060 
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Silver 


By J. M. West * 


Mine production of silver was up 7 per- 
cent to 45.0 million ounces, imports ex- 
ceeded exports by 34.7 million ounces, and 
consumption, including that for coinage, 
declined nearly 20 percent to 129.1 million 
ounces in 1970. The outstanding event in 
silver was the price reaction after General 
Services Administration (GSA) stopped its 
weekly sales of silver on November 10; in- 
stead of rising as this source of supply was 
withdrawn, prices fell, the sharpest drop 
beginning on November 25, and bottomed 
out for the year on December 10 at 
157.200 cents per ounce (New York, Handy 
& Harman). Trading of silver futures on 
the New York Commodity Exchange 
(COMEX) and Chicago Board of Trade 
increased during the year, and a new mar- 
ket for trading silver futures was opened 
on the West Coast Commodity Exchange 
at Los Angeles, Calif., on October 15, 1970. 


Declining consumption of silver was at- 
tributed to the general economic recession, 
which particularly reduced consumption by 
the automotive, electronics, aerospace, and 
appliance industries, and to a slack in de- 
fense procurement. Uses in electrical con- 
tacts and conductors, photographic mate- 
rials, brazing alloys and solders, and 
catalysts were the principal losers. Silver 
used in commemorative coins and medals 
rose sharply to an estimated 7 million 
ounces, despite other declines in demand 
for sterling and electroplated silver prod- 
ucts. Silver use in U.S. coins dropped to 
0.7 million ounces, but legislation was 
passed at yearend to coin 40-percent-silver 
Eisenhower dollars that will consume 
about 47.5 million ounces of Treasury sil- 
ver within the next 5 years. Part of this 


1 Physical Division of Nonferrous 


scientist, 
Metals. 


Table 1.—Salient silver statistics 


1966 1967 1968 1969 1970 
United States: 
Mine production thousand troy ounces... 43,669 32,345 32,729 41,906 45,005 
// it es thousands.. $56,464 $50,135 $70,191 $75,040 $79,696 
Ore Sat and siliceous) produced: 
old ote thousand short tons 2,580 2,815 2,003 2,002 2,092 
Gold-silver ore o__ 248 157 199 216 104 
Silver ore do.... 1,069 904 701 755 674 
Percentage derived from— 
Dry and siliceous ores. .................- 33 39 39 86 88 
Base-metal ore s 67 61 61 64 67 
Refinery production 1. thousand troy ounces. 2 48,358 80,268 r34,052 r 51,676 54,688 
Exports EES do- 85, 538 70,769 125,761 88, 909 27, 614 
Imports, general “t 000002. do 63,032 55, 520 70, 709 71, 876 62, 800 
Stocks | Dec. 31: 
° F million troy ounces.. 594 351 256 104 
Industry TEE thousand troy ounces... 57,244 88,858 166,356 7198,790 210,150 
Consumption: day and the arts. do. 183,696 171,031 145,298 141,544 128,404 
G ĩ˙’»—255.1. ei LS ee do.... 53,852 43,851 36,833 r 19,407 709 
w a Spe o per troy ounce_. $1. 293 + $1. 550 + $2.144+ $1. 790 + $1.771 — 
orld: 
Production thousand troy ounces__ 266,731 258,203 275,264 290,469 301, 745 
Consumption: : Industry and the arts do .. 355, 100 r 346,800 r 349,600 r 364,400 357,600 
Coinage Lociones do.... "T 129,500 r105,300 r 89,300 755,700 40,300 
r Revised. 


1 From domestic ores. 

2 U.S, Bureau of the Mint. 

3 Excludes coinage. 

4 Excludes silver i in silver dollars. 


5 Includes silver in COMEX warehouses and silver registered to Chicago Board of Trade. 


6 Average New York price. 
? Free world only. Source: Handy & Harman. 
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silyer will come from a reduction in the 
National Stockpile requirement and the 
balance from existing “Treasury stocks. Pro- 
ducer-consumer stocks declined 3.4 million 
ounces to 82.2 million ounces during the 
year, but COMEX and Chicago Board of 
Trade stocks rose a total of 14.8 million 
ounces. 

Legislation and Government Programs. 
—GSA weekly sales of Treasury silver, 
which began August 4, 1967, were termi- 
nated after the last sale on November 10, 
1970. During this period, foreign and do- 
mestic bidders purchased 304,886,975 fine 
troy ounces of contained silver for a total 
payment of $561,864,722. Sales of Treasury 
silver during 1970 totaled 67.2 million 
ounces at offerings of about 1.5 million 
ounces each week. On June 2, 1970, the 
GSA set a 5-percent deposit to accompany 
all bids, which was to be sacrificed in 
event of default. 

The Treasury program for melting silver 
coins, which began in 1968, was completed 
on June 30, 1970, and yielded a total of 
212,269,681 ounces of fine silver. This pro- 
gram contributed to the supplies sold 
weekly by GSA. Most of the coins, 90-per- 
cent silver, had accumulated after mid- 
1967 at the Federal Reserve banks as the 
result of substitution and nonrecirculation. 

The Federal Reserve Board proposed a 
regulatory amendment that would prevent 
member banks from counting silver coins 
held for either bullion or numismatic 
value as part of their required reserves, 
but no action was taken in 1970. 
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Directives were issued to Department of 
the Interior bureaus and offices to establish 
and pursue programs for recovering silver 
from photographic fixing solution and 
scrap film.2 Installation of local silver re- 
covery units for hyposolutions was advo- 
cated wherever feasible. 

Legislation enacted December 31, 1970, 
provided for minting 150 million 40-per- 
cent silver, clad Eisenhower dollars during 
1971-75 to be sold at premium prices of 
$10 for proof coins and $3 for others. The 
act, Public Law 91-607, also provided for 
minting composite cupronickel Eisenhower 
dollars and Kennedy half-dollars for gen- 
eral circulation. The new coins were ex- 
pected to become available by or before 
mid-1971. The GSA Administrator was di- 
rected to transfer to the Secretary of the 
Treasury 25.5 million fine troy ounces of 
silver from the 165 million ounces in the 
National Stockpile, thereby reducing the 
stockpile to the revised requirement level 
of 139.5 million ounces. Also, GSA was au- 
thorized to sell on a bid basis about 2.9 
million uncirculated, 90-percent silver dol- 
lars, most of them minted in Carson City, 
Nev., between 1878 and 1891 and stored in 
Treasury vaults. 

Exploration assistance was provided by 
the Office of Minerals Exploration, U.S. 
Geological Survey, on three silver and 
gold-silver deposits, two of which were in 
California and one in Nevada. The total 
value of contracts negotiated for silver 
prospects was $40,135, of which the Gov- 
ernment share was $37,600. 


DOMESTIC PRODUCTION 


Mine production of recoverable silver 
rose 7 percent in 1970, mainly as a result 
of increased byproduct output from copper 
mines in Montana, Arizona, New Mexico, 
and Utah. Base metal ores supplied 66 
percent and silver ores 32 percent of the 
total output; the small remainder came 
from gold and gold-silver production. 
Idaho, where ores are mined largely for 
their silver content, recorded a 1- percent 
increase in production. Idaho contributed 
42.5 percent of the total U.S. output of sil- 
ver, down almost 3 percent compared with 
1969. Arizona, Utah, and Montana were 
the next highest in output, accounting for 
16, 13, and 10 percent, respectively, of the 
total. 


2 Federal Register. 


Twenty-five leading silver producers con- 
tributed 81 percent of the total output, 
four of these (first, second, seventh, and 
eighth) mining silver ores alone and the 
others mining base metals, in general. Ten 
mines produced over 1 million ounces of 
silver each, and their combined outputs 
equaled 62 percent of the total domestic 
production. Domestic mines provided 35 
percent of the total silver consumed in in- 
dustry and arts. 

The Sunshine mine, of the Sunshine 
Mining Co. in Idaho' Coeur d'Alene re- 
gion remained the country's leading silver 
mine. Production reported by the company 
Reclamation of Precious 


Metals and Critical Materials. V. 35, No. 124, 
June 26, 1970, p. 10433. 
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was 8,441,961 ounces, about 1 percent 
higher than in 1969. Ore grade averaged 
33.4 ounces per ton, compared with 30.8 
ounces in 1969, reflecting the use of im- 
proved mining techniques. Silver ore re- 
serves were increased to over 1 million 
tons by Sunshine Mining Co.; the company 
planned a 50-percent participation in dia- 
mond drilling on the new 4,800-foot level 
of the Silver Syndicate mine. 

Hecla Mining Co. reported 6,245,087 
ounces of silver produced in 1970, down 5 
percent from 1969 output. The firm's 
Lucky Friday mine in Idaho supplied 
200,448 tons of ore averaging 14.35 ounces 
of silver per ton, 9.81 percent lead, and 
1.09 percent zinc. During the year, reserves 
at Lucky Friday were increased from 
598,000 to 624,000 tons. Development to 
the 3,650-foot level of the mine was essen- 
tially completed, and a mine shaft station 
was cut at the 4,050-foot level. 

Hecla Mining participated with the 
American Smelting and Refining Co. 
(ASARCO) in development of the Silver 
Summit mine of Consolidated Silver Corp. 
in the Coeur d’Alene; the main shaft was 
being extended from the 3,000-to the 
4,000-foot level, and deeper development 
was planned. At the Galena mine, under 
lease from Callahan Mining Corp. 
ASARCO produced 3,619,630 ounces of sil- 
ver and 1,261 tons of copper from 154,258 
tons of ore and scheduled new develop- 
ment on the 4,600-foot level. At the Coeur 
project of Coeur d’Alene Mines Corp., 
ASARCO, and Day Mines, Inc., ore re- 
serves were developed totaling 235,000 tons 
and averaging 25.1 ounces of silver per ton 
and 0.9 percent copper. 

Bunker Hill Co. produced 3.4 million 
ounces of silver in 1970, of which 1.4 mil- 
lion was from the Crescent mine, where 
output was to be doubled in 1971. Sub- 
stantial tonnages of silver-lead ore were 
developed on the new 1,500-and 1,750-foot 
levels of the Dayrock mine of Day Mines, 
Inc. 

Kennecott Copper Corp. reported silver 
production of 4,338,730 ounces in 1970, the 
bulk coming from its Bingham Canyon, 
Utah, copper operations. The Anaconda 
Co. undertook a joint venture with 
ASARCO in 1970 to explore and develop 
new lead-zinc-silver reserves for United 
Park City Mines Co. in Utah. Anaconda's 
entire silver production (domestic and for- 
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eign) of 12,576,000 ounces in 1970 in- 
cluded 1,206,310 ounces from its new Twin 
Buttes copper mine in Arizona and 966,428 
ounces from its Butte, Mont. operations. 
ASARCO completed a 1,650-foot produc- 
tion shaft at its Leadville, Colo., lead-zinc- 
silver project and began construction of a 
700-ton-per-day mill. Ore reserves of 24 
million tons were established containing 
significant values in silver. The Mayflower 
mine of New Park Mining Co., in the 
Park City district, Utah, which was oper- 
ated under lease by Hecla Mining, pro- 
duced 115,762 tons of ore averaging 52 
ounces of silver and 0.5 ounce of gold per 
ton, 4.5 percent lead, 2.9 percent zinc, and 
1 percent copper; ore reserves were 240,000 
tons at yearend. Duval Corp. was expected 
to recover about 0.5 million ounces per 
year from its Sierrita copper-silver-molyb- 
denum mine in Arizona, which went into 
initial production in 1970. Homestake 
Mining Co. operated the Bulldog mine at 
Creede, Colo., where reserves in early 1970 
were 409,000 tons averaging 21.8 ounces of 
silver per ton and 2.7 percent lead. 

Estimates of large quantities of low- 
grade silver ores associated with lead, zinc, 
and manganese in Colorado were reported 
and recommendations made for future 
development. 

Sunshine Mining Co. considered con- 
struction of a silver refinery near Kellogg, 
Idaho, based on a process of roasting con- 
centrates followed by hydrometallurgy and 
electrolysis, but had made no decision on 
the project at yearend. Ag-Met, Inc., began 
production of secondary silver, mainly 
from discarded film and photographic 
chemicals, at Lofty, Pa., and expected out- 
put to reach 6 million ounces in 1971. 
Sabin Metal Corp. recovered silver from 
photographic materials in its new plant at 
Rochester, N.Y. 

Smelter and refinery reports in 1970 
showed that 56.0 million ounces of silver 
was produced from old scrap and 24.0 mil- 
lion ounces from new scrap compared with 
revised 1969 data of 79.8 million and 35.9 
million ounces, respectively, for old and 
new scrap. Smelter production, including 
silver from domestic and imported sources 
totaled 161.4 million ounces in 1970 com- 


pared with 199.2 million ounces in 1969. 


3 Meeves, Henry C., and Richard P. Darnell. 
Silver Potential and Economic Aspects of the Lead- 
ville District, Lake County, Colo. BuMines Inf. 
Circ. 8464, 1970, 105 pp. 
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CONSUMPTION AND USES 


Silver consumption in industry and the 
arts, as reported to the Bureau’ of Mines 
by manufacturers and consumers, declined 
9 percent from the quantity. consumed in 
1969. The greatest drop was in use for 
electrical/electronic contacts and conduc- 
tors which was down 18 percent. Declines 
were recorded for uses in photography, 
sterling and electroplated wares, mirrors, 
brazing alloys and solders, catalysts, and 
bearings. The slump in consumption was 
attributed mostly to the general economic 
recession in 1970 rather than to any tech- 
nological changes affecting use patterns; 
another factor was reduced military de- 
mand. A significant increase was noted in 
use of silver for batteries, largely related to 
their utilization in submarines. Most, if 
not all, of this silver will be reclaimed and 
recycled after serving its purpose. Con- 
sumption in jewelry posted a significant 
increase; other expanding uses were in 
dental and medical supplies. 


Silver consumed in commemorative med- 
als and other collector’s items rose sharply 
during 1970, largely the result of expanded 
activities by the Franklin Mint, which ded- 
icated a modern silver casting and minting 
facility at Franklin Center, Pa., in the 
early part of the year. This contributed to 
the increase in the miscellaneous category 
shown in table 9. Several other private 
mints also sold commemorative silver in 
various forms. 


Use of silver in coinage by the U.S. Bu- 
reau of the Mint declined to 0.7 million 
ounces, compared with 19.4 million ounces 
in 1969. Only limited numbers of clad 
half-dollar, 40-percent silver coins were 
produced. 


CBS Electronic Video Recording Co., Di- 
vision of Columbia Broadcasting System, 
Inc., prepared to market a cassette televi- 
sion system utilizing silver halide photo- 
graphic film for reproduction. The poten- 
tial for expanded consumption of silver for 
this purpose was believed sizable.4 Other 
significant new markets were foreseen in 
commemorative coins and medals, meteor- 
ological applications, and germicidal and 
fungicidal uses. Eastman Kodak Co., the 
leading consumer of silver in photographic 
products, planned major capital expendi- 
tures for plant expanisons in 1971.5 Sev- 
eral new palladium and silver conductor 
inks for electronic circuits were marketed, s 
and favorable customer acceptance was re- 
ported for silverplated stainless steel? 

PhotoHorizons Division of Horizons Re- 
search Inc. supplied the U.S. Air Force 
with silverless photographic film for exper- 
imental use in duplicating systems;8 a sil- 
verless process described as a breakthrough 
in high-temperature, soft-soldering was 
developed.2 The technique employing a 
sacrificial metal coating for use on copper, 
copper alloys, and low-carbon steel was 
said to be applicable to automobile radia- 
tors and home appliances. 


STOCKS 


During 1970 the outflow of “Treasury 
bullion totaled 67.9 million ounces, includ- 
ing 67.2 million ounces sold through GSA 
weekly auctions and 0.7 million ounces 
used in coinage. Yearend "Treasury stocks 
were estimated at 25.1 million ounces in 
bullion, coin bars, and coinage metal fund 
silver. New York Commodity Exchange 
(COMEX) stocks at yearend were 116.4 
million ounces, compared with 112.9 mil- 
lion ounces on December 31, 1969. Chicago 
Board of Trade stocks were 11.6 million 
ounces at yearend, compared with only 0.3 
million ounces on December 31, 1969. No 
stocks were reported held by the West 
Coast Commodity Exchange. With addition 


of reported industrial stocks of about 81.9 
million ounces, visible stocks totaled 235 


4 Wilcox, R. L. Silver-Free At Last and Gold— 
The Growth Commodity. American Metal Market. 
Precious Metals Report, Sec. 2, Feb. 25, 1971, pp. 
4A, 5A, and 13A. 

5 American Metal Market. Eastman Kodak Plans 
$364 Million in Worldwide Capital Expenditures. 
V. 78, No. 17, Jan. 26, 1971, p. 12. 

* American Metal Market. Palladium-Silver Used 
for Conductive Inks. V. 77, No. 174, Sept. 11, 
1970, p. 15. | 

T American Metal Market. Silver-Plated Stainless 
Durability Outstanding. V. 77, No. 102, May 21, 

, p. 8. 

8 American Metal Market. Makes First Delivery 
of ee Film. V. 77, No. 161, Aug. 21, 1970, 
p. 17. 

9 Schwaneke, A. E., Wilbert L. Falke, and Orrin 
K. Crosser. A New High-Temperature, Soft-Solder 
0 Bu Mines Tech. Prog. Rept. 29, December 

17 pp. 
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million ounces at yearend. Sizable but un- 
measured stocks in the form of bars and 
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coins remained in private hands and bank 
vaults. 


PRICES 


New York prices for silver in 1970, as 
quoted daily by Handy & Harman in cents 
per ounce, reached a high for the year of 
193.00 on January 29, declined to 157.50 in 
late May, and rose to peaks of 186.00 in 
August and early September. Prices then 
declined but rose again to about 180.00 at 
the end of October, followed by a drop to 
the year's low of 157.20 on December 10. 
At yearend the price had recovered to 
163.50. The average price for 1970 was 
177.082 cents per ounce. 

Prices for spot delivery of silver on the 
London market (in U.S. equivalent) 
ranged from a high of 192.80 cents in 
March to a low of 156.80 cents in May 
and averaged 176.575 cents for the year. 

Prices were influenced during the year 
by sales of Treasury silver through GSA 
and by speculative activities which caused 
an unexpected market reaction when sales 
were terminated on November 10: Instead 
of rising when this supply was cut off, 
New York spot prices quoted at 181.00’on 
November 10 continued to drop. Final 
sales on that date went to one bidder at 


FOREIGN 


Silver exports declined sharply in 1970 
to 27.6 million ounces, less than one-third 
of the total exported in 1969. Exports of 
bullion went mainly to Switzerland and 
Japan, and those of waste, scrap, and 
sweepings went mainly to Belgium-Luxem- 
bourg and Canada. 

Silver imports declined 13 percent to 
62.3 million ounces, of which 29.6 million 


WORLD 


World production of silver rose about 
11.3 million ounces or 4 percent to a total 
of 301,745 million ounces. Peru recorded 
the largest increase and, Canada, despite 
an increase, dropped to second place be- 
hind the United States as the world’s larg- 
est producer. Declines were noted in out- 
puts for only a few countries. About 44 
percent of world production of silver came 
from the North American Continent and 


an average of 183.4 cents per ounce. Dur- 
ing the total period of weekly Treasury 
silver auction sales, which began August 4, 
1967, 140 purchasers were awarded a total 
of 304,886,975 troy ounces of contained sil- 
ver on bids totaling $561,864,722 for an av- 
erage payment of 184.3 cents per ounce of 


silver. 


Futures trading of silver continued on 
COMEX, with a volume for the year of 
6.9 billion ounces, compared with 6.6 bil- 
lion ounces in 1969. Record trading of 
nearly 810 million ounces took place in 
the month of November; November 24 was 
the peak day, 168.4 million ounces chang- 
ing hands. December's closing prices for 
future delivery, in cents per ounce, were 
163.60 (January 1971), 177.50 (December 
1971), and 184.00 (May 1972. Silver fu- 
tures trading was also active both on the 
Chicago Board of Trade, where 1.8 billion 
ounces was traded in 1970, and on the 
newly established market on the West 
Coast Commodity Exchange, where 66 mil- 
lion ounces was traded between October 15 
and the end of 1970. 


TRADE 


ounces or 47 percent was in the form of 
refined bullion. The main sources of im- 
ports were Canada (59 percent) and Peru 
(18 percent); the balance was provided by 
22 other countries. 

The result of foreign trade in silver was 
a net import of 34.7 million ounces, com- 
pared with the net export of 17.0 million 
ounces in 1969. 


REVIEW 


62 percent from the Western Hemisphere. 

World consumption in arts and industry 
was estimated to be about 358 million 
ounces, down 7 million ounces from that 
of 1969. Free world use of silver in coinage 
was estimated at 40.3 million ounces, down 
from 55.7 million ounces in 1969. The de- 
cline was accountable to the sharp drop in 
U.S. coinage to less than 1 million ounces 
in 1970. Much of the gap between world 
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production and consumption continued to 
be supplied by the weekly auctions of the 
U.S. Government through GSA sales of 
Treasury silver. The last of these auctions 
was held November 10, 1970; thereafter, 
only industry sources, commodity trading 
stocks, and privately held stocks were 
available to consumers. About two-thirds 
of the world supply of new silver produc- 
tion continued to come from copper and 
lead-zinc ores. 

Free world holdings of silver bullion in 
the hands of investors and speculators in- 
creased during the year to an estimated 
450 million ounces.10 It was also estimated 
that with higher prices 500 million oufces 
more could come into the market from 
holdings of U.S. silver coins, Estimates of 
smuggled shipments from India during 
1970 were placed at 25 million ounces. It 
remained a subject of speculation whether 
India, with its large privately held stocks 
and articles of silver, might become an im- 
portant source of silver supply, if prices 
rise higher. 


Australia.—Mount Isa Mines Ltd. con- 
tinued diamond drilling at the Hilton 
mine, which is under development in its 
North Lease area about 12 miles north of 
Mount Isa, Queensland. Contracts were let 
to sink and equip hoist and service shafts. 
A production goal of 16,000 tons of ore 
per day was set for 1976, with silver-lead 
concentrates to be smelted at Mount Isa. 
Silver content of the ore was estimated at 
5.8 ounces per ton. Production by Mount 
Isa Mines Ltd. rose to 11.72 million ounces 
in 1970, compared with 10.05 million 
ounces in 1969.11 The bulk of the silver- 
lead-zinc ore was mined from the No. 5 
ore body in the Black Star area and Race- 
course ore bodies between the No. 9 and 
No. 11 levels, In 1970, extraction began 
from the Racecourse orebodies between the 
No. 11 and No. 13 levels. Use of cemented 
hydraulic fill allowed recovery of over a 
quarter million tons of high-grade ore 
from pillars. Silver recovery was improved 
at the mill by substituting soda ash for 
lime in the flotation circuit. The average 
silver content of silver-lead-zinc ores mined 
was 5.9 ounces per ton. 

About 80 miles north of Mount Isa, Pla- 
cer Exploration Ltd. drilled several explo- 
ration holes on claims optioned from 
Triako (Australia) Pty. Ltd., cutting rich 
lead-zinc-silver mineralization at depths of 
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about 1,500 feet. 
early 1971. 

Massive sulfides were found in limited 
drilling by Jododex (Australia) Pty. Ltd. 
near Tavago in New South Wales. Early 
estimates indicated over 7 million tons of 
ore averaging 2.9 percent copper, 3.3 per- 
cent lead, 9.4 percent zinc, and 1.9 ounces 
of silver per ton. Mining feasibility studies 
were in progress, North Broken Hill Ltd. 
treated a larger tonnage of ore than in 
1969; the grade averaged about 7.3 ounces 
of silver per ton, 13.2 percent lead, and 
10.6 percent zinc through the first half of 
1970. 


Burma.—Silver-lead production of the 
once famous Bawdwin mines at Namtu 
was estimated at slightly less than 750,000 
ounces. New silver-lead-zinc mines under 
development in the Kalagwe area of the 
Northern Shan States were expected to 
begin producing as early as 1971 at a rate 
of about 40,000 tons of ore per year. 


Canada.—Silver output rose about 2.5 
percent in 1970. According to projections, 
Canadian silver production was expected to 
reach 45-to 50 million ounces per year by 
1975.12 

The world's largest single producer of 
silver ore, Ecstall Mining Ltd., owned by 
Texas Gulf Sulphur Co., produced concen- 
trates containing 13,023,200 ounces of sil- 
ver, somewhat less than the 13,822,000 
ounces reported in 1969. The company’s 
Kidd Creek mine, Timmins district, On- 
tario, was being developed for under- 
ground mining, to be coordinated with ex- 
isting open pit operations. Reserves were 
reported sufficient to continue mining at 
the 1970 rate of 3.6 million tons of ore per 
year for more than 25 years. Canadian 
Copper Refiners, Ltd., controlled by Nor- 
anda Mines Ltd., was a major source of re- 
fined silver, producing 12.4 million ounces 
at its Montreal East plant in 1970. Com- 
inco Ltd. produced 6.04 million ounces of 
silver at its Trail, British Columbia, 
smelter, 60 percent of the ore coming from 
the company’s own mines, chiefly the Sulli- 
van and Bluebell. A deep-drilling program 
at the Bluebell was continued into 1971. 


Drilling continued in 


10 Handy & Harman. The Silver Market in 1970, 
55th Annual Review, p. 19. 
5 Isa Mines Ltd. Annual Report, 1970, 


i Coité J. G. Silver. Canadian Minerals Year- 
book 1969, Mineral Resources Branch, Department 
5 Energy, Mines and Resources, (Ottawa), 1970, 

pp. 
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United Keno Hill Mines Ltd. produced 2.6 
million ounces of silver in 1970, the bulk 
of this from the Calumet mine, with 
minor tonnages from the Elsa mine and 
development ore from the Husky mine, all 
near Elsa, Yukon Territory. Cominco Ltd. 
expanded its exploration program at a 
gold-silver-lead-zinc-copper property in the 
Hackett River area, Northwest Territories, 
on an option from Bathhurst Inlet Mining 
Corp., and planned 10,000 feet of diamond 
drilling. 

Production by Echo Bay Mines Ltd. at 
Port Radium on Great Bear Lake, North- 
west Territories, was about the same as in 
1969 when 2.4 million ounces of silver and 
341 tons of copper was produced. Shaft 
sinking was underway to develop five more 
levels at 150-foot intervals below the exist- 
ing third level. Development continued at 
the Grandué Copper mine in northwestern 
British Columbia, which is under lease by 
American Smelting & Refining Co. and 
Granduc Operating Co., a subsidiary of 
Newmont Mining Corp. Milling at a rate 
of 7,500 tons per day was expected to yield 
about 750,000 ounces of byproduct silver 
per year. Initial development ore returned 
0.3 ounce of silver per ton. Columbia Met- 
als Corp. Ltd. was to start milling silver- 
lead-zinc ores in 1971 at about 125 tons per 
day from its new mine south of Revel- 
stoke, British Columbia. Beginning in 1971, 
Placid Oil Ltd. scheduled production at 
750 tons per day at its new copper-gold-sil- 
ver mine at Cranbrook, British Columbia. 


In northwest Ontario, Mattagami Lake 
Mines Ltd. began developing a 3,000-ton- 
per-day copper-zinc-silver mine based on 
recent discoveries in the Sturgeon Lake 
area. Ore was expected to average about 1 
ounce of silver per ton, and reserves in the 
main zone were estimated between 10 and 
15 million tons to a depth of 600 feet. 
Also at Sturgeon Lake, Falconbridge Nickel 
Mines Ltd. struck rich copper-zinc ore that 
assayed between 5 and 10 ounces of silver 
per ton on property optioned from New 
Brunswick Uranium Metals & Mining Ltd. 
Agnico Mines Ltd., south of Cobalt, On- 
tario, produced 640,255 ounces of silver 
from 35,860 tons of high-grade ore in the 
first half of 1970. Carndesson Mines Ltd. 
explored a property on the border of Lan- 
arck and Frontenac Counties and found 
average grades for a 5-foot vein of 1.3 
ounces of silver, 7.5 pounds of antimony, 
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13.4 pounds of copper, and 0.68 pound of 
mercury per ton. Average silver content of 
copper-zinc ores from six principal mines 
of Hudson Bay Mining and Smelting Co., 
Ltd. in western Manitoba was 0.6 ounce 
per ton, with tonnage milled totalling 
about 4,700 tons per day. 

Lake Dufault Mines Ltd. with opera- 
tions in the Noranda district, western 
Quebec, reported ore reserves at its new 
south section of about 2.1 million tons av- 
eraging 1.1 ounces of silver, 3.5 percent 
copper, and 3.6 percent zinc. A 3,982-foot 
production shaft was completed on the 
property in late 1970. Open pit mining 
was considered at the silver-lead-zinc prop- 
erty of North America Rare Metals, Ltd., 
and Mistango River Mines Ltd., west of 
Bathhurst, New Brunswick. 

Greenland.—Vestgron Mines Ltd. planned 
further exploration of a property optioned 
from Greenex A/S at Marmorilik, on the 
west coast of Greenland, where high-grade 
zinc-lead ore was found on a cliff high 
above a fiord. Inferred reserves were 2.5 
million tons of ore averaging 0.8 ounce of 
silver per ton, 17 percent zinc, and 4 per- 
cent lead. 

Honduras.—Silver production at the El 
Mochito mine of New York and Honduras 
Rosario Mining Co. was 3.63 million 
ounces in 1970; the grade of ore milled av- 
eraged 14.5 ounces per ton. Ore reserves 
were increased to 2.13 million tons averag- 
ing per ton, 12.3 ounces of silver and 0.008 
ounces of gold, 9.23 percent lead, and 9.73 
percent zinc. Mine production was sched- 
uled to expand to 300,000 tons of ore per 
year in 1971. At yearend 1970, the com- 
pany held 1.6 million ounces of silver bul- 
lion in anticipation of higher prices. When 
the new Honduras mining code was en- 
acted in August 1970, a 4 percent 
production tax was added on silver and 
gold. 

Mexico.—American Smelting and Refining 
Co.'s subsidiary, Asarco Mexicana S.A., op- 
erated eight mines and four reduction 
plants, producing 15,687,000 ounces of sil- 
ver from 2.3 million tons of ore mined 
during the company's fiscal year ending in 
June 1970. Construction of facilities was 
nearly complete at Asarco Mexicana's In- 
guarán mine in the State of Michoacan. 
Production of concentates was scheduled to 
begin in early 1971 at a 2,200-ton-per-day 
mill The concentrates contain an esti- 
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mated 78,000 ounces of silver and 13,000 
tons of copper per year. Lead smelter and 
mine expansions were expected to result in 
rising silver-lead output. Pure Silver Mines 
Ltd. (Canada) continued development of a 
major silver mine in conjunction with Cia 
Mineral Fresnillo S.A. and Industrias Peñ- 
oles S.A. at the Mother Lode property, 
several miles from Guanajuato, Mexico. In- 
dicated ore in late 1970 totalled 3 million 
tons that averaged about 14 ounces of sil- 
ver and 0.08 ounce of gold per ton. Sink- 
ing of a 2,000-foot production shaft was 
begun and a 1,500-ton-per-day mill was 
planned. Rich silver ores were also under 
development at the nearby Peregrina and 
Cebada properties. The Fresnillo Co., affil- 
iated with International Mining Corp., 
produced over 5 million ounces of silver 
from Mexican mines in its fiscal year end- 
ing June 30, 1970. Indicated reserves of 
25.4 million tons of ore, with a grade of 3 
ounces of silver per ton and 0.71 percent 
copper, were disclosed by drilling at the 
property of Mineral Mexicano de Avino 
S.A., northeast of Durango, Mexico. 
Peru.—At its Cerro de Pasco Corp. 
smelting facilities at La Oroya, northeast of 
Lima, Cerro Corp. produced 20,823,000 
ounces of silver in 1970 ( including silver 
in exported blister copper), of which 49 
percent was from purchased ores.13 Cerro, 
through its Peruvian subsidiary, operated 
the following six mines: Cerro de Pasco, 
Morococha, Casapalca, San Cristébal, Yaur- 
icocha, and Cobriza, all in central Peru; 
these mines produced silver and other met- 
als. Of these, Cerro de Pasco was the prin- 
cipal source of silver, with both under- 
ground and open pit operations. Extensive 
new development of copper deposits in 
Peru was expected to spur output of by- 
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product silver. Predictions were made by 
the Peruvian National Mining Corp. that 
copper output might triple to 600,000 tons 
per year in 1980 and related silver output 
might increase 45 percent. Charter Consoli- 
dated Ltd. explored the Berenguela man- 
ganese-silver mine at Juliaco, Puno Prov- 
ince, and was considering using the Torco 
smelting process of its parent firm, 
Anglo-American Corp. of South Africa 
Ltd., to treat the highly refractory ores 
and to recover the two metals. A 500-ton- 
per-day mill was completed at the Tica- 
pampa lead-zinc-silver mine, in which 
W. R. Grace & Co. held an interest. 

Philippines.— Assays of copper ore from 
the property of Lobo Mines, Inc., which in 
1970 was exploring a cluster of three min- 
eralized breccia pipes on the island of 
Luzon, indicated the presence of silver in 
amounts of possible significance, that is, 1 
to 2 ounces per ton. Construction of a mill 
was planned for the site in 1971, and a 
large open pit mine was proposed. 

United Kingdom.—Net imports of silver 
in the first 11 months of 1970 were 25.8 
million ounces, compared with 78.0 million 
ounces during the similar period of 1969. 
Imports from the U.S.S.R. were 11.4 mil- 
lion ounces, compared with 11.25 million 
ounces in the first 11 months of 1969 and 
from Dubai, Trucial States, 9.16 million 
ounces compared with 14.55 million ounces 
during the same period of 1969. The 
Dubai silver is almost entirely comprised 
of metal smuggled out of India and Paki- 
stan in exchange for gold. Belgium and 
Australia were also important sources of 
United Kingdom silver; West Germany 
and Italy were the main destinations for 
exports. 


TECHNOLOGY 


At Bureau of Mines laboratories, work 
was conducted on silver extraction using 
sodium chloride solutions, treatment with 
sulfur dioxide, and electrooxidation. New 
information was obtained on association of 
silver values with jarosite in ores from one 
mine using an electron probe on speci- 
mens. The Bureau published a report de- 
scribing a unique treatment for a wide va- 
riety of electroplating wastes containing 
silver and other metals. By the method, 
metals were quantitatively precipitated as 


cyanides; at the same time toxic compo- 
nents were adequately neutralized to meet 
most water quality standards.14 It was 
found in Bureau experiments that zinc- 
base die cast scrap could be successfully 
substituted for the more expensive pure 


13 Metal Bulletin (London). Cerro's La Oroya. 
No. 5527, Aug. 25, 1970, pp. 21-25. 
m Cerro's La Oroya. No. 5528, Aug. 28, 1970, 


p. 17. 

14 George, L. C., and A. A. Cochran. Recovery 
of Metals From Electroplating Wastes by the 
Waste-Plus-Waste Method. BuMines Tech. Prog. 
Rept. 27, August 1970, 9 pp. 
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zinc in the desilvering of lead in refining 
operations. This work was performed at 
the Rolla Metallurgy Research Center, 
Rolla, Mo., where ‘additional information 
can be obtained. A series of investigations 
continued on ground-control problems par- 
ticularly important to deep silver mining 
in the Coeur d'Alene district of Idaho. 

In a new postulation as to the source of 
silver in the bonanza deposits mined in 
the late 1860's in White Pine County, Ne- 
vada, it was suggested that the unleached 
black calcite underlying remnants of the 
Pilot Shale could be the source and may 
constitute a significant ore zone in itself.15 
Mining history and problems in the Lead- 
ville district of Colorado were reviewed, and 
silver resources, particularly in the man- 
ganese-bearing halos around major depos- 
its, were estimated.16 

A newly designed incinerator unit for 
old photographic film was in operation at 
Kodak Park, N.Y. It has the capacity to 
treat 4,500 pounds of film per hour and 
has a silver recovery efficiency of over 99 
percent.17 Work also continued on a com- 
pletely wet chemical process for recovering 
silver from old film that would avoid pos- 
sible release of air pollutants. 

Further study into the influence of light 
on oxidation-reduction processes of silver- 
silver oxide electrodes revealed a possible 
mechanism for the defects.18 Thermody- 
namic properties of molten copper-silver al- 
loys such as those used in brazing were 
found at variance with established values 
for alloys that were silver-rich.19 Silver re- 
actions with fluorine were studied, and ex- 
perimental results were published.20 

Interest continued to grow in employing 
silver for batteries because of its unique 
operational qualities. One study revealed 
the operating characteristics for lithium 
and silver chloride button cells.21 Among 
favorable features were high cell voltage, 
wide  operating-temperature range, .and 
good performance at low temperatures. 
Measurements were made of electromotive 
forces in molten silver chloride-alkali chlo- 
ride solutions,22 and of such forces at dif- 
ferent hydrostatic pressures in molten sil- 
ver  nitrate-silver chloride mixtures. 23 
Vapors over molten silver chloride were 
analyzed by a mass spectrometer, and the 
vapor pressure at about the melting point 
was found to be only 10-9 atmospheres.24 
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Various silver alloys were investigated 
for their physical properties or hydrogen 
absorption rates.5 Rare-earths and their 
properties in combination with silver were 
subjects of several investigations. 26 

Two articles of significance to the study 
of silver mineralogy were published in 
1970. One deals with phase relations, and 
the other with transition points for combi- 
nations of silver, arsenic, and sulfur.27 


1$ Smith, Roscoe M. Treasure Hill Reinterpreted. 
rron: Geol., v. 65, No. 5, August 1970, pp. 538- 


16 Meeves, Henry C., and Richard P. Darnell. 
Silver Potential and Economic Aspects of the Lead- 
ville District, Lake County, Colo. BuMines Inf. 
Circ. 8464, 1970, 105 pp. 

17 Ewell, T. W., and J. Piper. Design of New 
Silver Recovery Incinerator. Paper presented at 
May 1970 Incinerator Division Conference, Ameri- 
can Soc. Mech. Engs., Cincinnati, Ohio. 

18 Memming, R., F. Möllers, and G. Neumann. 
Photoelectro-chemical Processes on Silver-Silver 
Oxide Electrodes. J. Electrochem. Soc., v. 117, No. 
4, April 1970, pp. 451—457. 

19 Choudary, U. V., and A. Ghosh. Thermody- 
namics of Liquid Copper-Silver Alloys by a Solid 
Electrolyte Cell. J. Electrochem. Soc., v. 117, No. 
8, August 1970, pp. 1024-1028. 

20 O'Donnell, Patricia M. A Kinetic Study of the 
Fluorination of Silver. J. Electrochem. Soc., v. 117, 
No. 10, October 1970, pp. 1273-1275. 

21 Cook, Glenn M. Lithium/Silver Chloride But- 
ton Cells. J. Electrochem. Soc., v. 117, No. 4, 
April 1970, pp. 559-562. 

2 Pelton, A. D. and S. N. Flengas. Thermo- 
dynamics of Molten Silver Chloride-Alkali Chlo- 
ride Solutions by Electromotive Force Measure- 
ments. J. Electrochem. Soc., v. 117, No. 9, Septem- 
ber 1970, pp. 1130-1140. 

23 Townsend, H. S., and Paul Duby. Cation 
Transport Numbers in Molten AgNos-AgCl Mix- 
tures by Pressure-EMF Measurements. J. Electro- 
chem. Soc., v. 117, No. 9, September 1970, pp. 
1126-1129. 

21 Visnapuu, A., and J. W. Jensen. Composition 
and Properties of Vapors Over Molten Silver 
Chloride. J. Less-Common Metals, v. 20, No. 2, 
February 1970, pp. 141-148. 

?5 Newton, C. J., and A. W. Ruff, Jr. X-ray 
Study of Annealing in Plastically Deformed Ag. 
Sn Alloys. Met. Trans, v. 1, No. 10, October 
1970, pp. 2833-2838. 

Rowland, W. D., and A. P. Greenough. Fatigue 
in Silver and Effect of Intermediate Annealing. J. 
Inst. Metals, v. 98, February 1970, pp. 41-45. 

Sacris, E. M., and N. A. D. Parlee. The Diffu- 
sion of Hydrogen in Liquid Ni, Cu, Ag, and Sn. 
Met. Trans, v. 1, No. 12, December 1970, pp. 
3377—3382. 

2 Gschneidner, K. A., Jr., O. D. McMasters, D. 
G. Alexander, and R. F. Venteicher. Factors In- 
fluencing the Formation of Silver-Rich Solid Solu- 
tions in Rare-Earth-Silver Alloy Systems. Met. 
Trans., v. 1, No. 7, July 1970, pp. 1961-1971. 

Palenzona, A. The Ytterbium-Silver System. J. 
Less-Common Metals, v. 21, No. 4, August 1970, 
pp. 443-446. 

27 Rowland, G. W. Phase Relations Below 575? C 
in the System Ag-As-S. Econ. Geol., v. 65, No. 3, 
May 1970. pp. 241-252. 

. The System Ag-As-S: Phase Relations 
Between 920° and 575° C. Met. Trans., v. 1, No. 
7, July 1970, pp. 1811-1814. 
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Table 2.—Mine production of recoverable 
silver in the United States, by months 


(Thousand troy ounces) 


Month 1969 1970 
Januar 8,283 8,586 
Februar 3, 3,523 

FCC A A 3,226 3,772 
f AAA 3, 3, 862 
A we ON 8,386 3,864 
JUS. 2.2.25 oa 8, 8,646 
July ul A A 8,421 8,586 
A |RSS DDR Re A 8,655 8,833 
September. ...............- 8,591 ,804 
Seh 8 3,811 8,754 
November................- 8,832 8,929 
ecemb err 3,914 8,847 
Totall1___ a 41,906 45,006 


1 Data may not add to totals shown because of 


independent rounding. 
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Table 4.—Production of silver in the United States in 1970, by States, 
types of mines, and classes of ore, etc. yielding silver, in terms of recoverable metal 


Lode 
Placer 
(troy Gold ore Gold-silver ore Silver ore 
State ounces of 
silver) Short Troy Short Troy Short Troy 
tons ounces of tons ounces of tons ounces of 
silver silver silver 
Alaska e e . , , aaa 
INS č ......--. 144 85 (!) (1) 1 89,599 1 94,862 
California 182 990 311 2104, 125 2 393,212 
Colorado %% ] ĩ² (faucet su ⁰ ⁰v!. 8 (3) (3) 
)))); 8 240 48 (1) (1) 1 548,883 1 13,688,684 
Michigan ala. ea, ds. a a. d 8 
Montana.........--. ono... 4 4 (4) (4) 489,338 4462, 740 
JC A 5 61,307 5 17,495 __.. . . . 2. alicia 5 (5) 
ew Mexico oo (1) (1) 1 476 1 2,885 
South Dakota. 1,954,129 118,951 «¿crisis ao- 49 | 815 
tesco cocci. .. Ä. v ĩͤ ß 8 (2) (2) 588 6,280 
Other States 242422. 75,105 275,981 800 3,470 78 1,968 
otal.......- 2,574 2,091,916 412,871 104,425 896,688 678,956 14,257,679 
Percent of 
total silver. N | m D 32 
Lode—Continued 
Copper ore Lead ore Zinc ore 
Troy Troy Troy 
Short tons ounces of Short tons ounces of Short tons ounces of 
silver silver silver 
FACTI << ER a e to tio 
Arizona 184 , 968 , 089 7,180,261 860 2,277 450 27 
California 62 Jö ] erii ͥ nmm 
Colorado 8 806,850 $ 139,869 (8) (8) 8) 8) 
10 8 1,601 2,878 36,085 825,979 15,825 16,735 
Michigan 7, 638, 295 %%%%%%é⁵Ü! E E ¼ . A A A AS 
A 8, 815, 825 , arcas 
Montana 8 18, 736,890 3 8,832,799 (8) (8) (8) (8) 
Nevada „183,2 60, 757 3, 697 20.9089. nones--2aRe. A 
New Mexico. .......- 18,591,648 3892 KA 39,778 23,825 
South DAKOTA macs ea? celia desa x 8 "ecce 
Utali.. 8 40,148,147 2,785,671 82,768 412,142 xu; lu 2: sacos 
Other States $_.._.... 186,638 e ees 868 , 088 5,810 
Total 284,760,941 16, 022, 375 8, 888, 785 2, 581, 279 419, 086 45, 897 
Percent of 
total silver DO cui ia O: “u Su SZ (> 


See footnotes at end‘of table. 
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Table 4.—Production of silver in the United States in 1970, by States, types of mines, 
and classes of ore, etc. yielding silver, in terms of recoverable metal—Continued 


Lode—Continued 
Copper-lead, lead-zinc 
copper-zinc, and Old tailings, etc. Total 
copper-lead-zinc ores 
State — 
Troy Troy Troy 
Short tons ounces of Short tons ounces of Short tons ounces of ' 
silver silver silver 
Aki eaaa M yz ]ͤ wm. ⁊ðx d zs ELE NM. te JJ 2,189 
Arizona 132,963 59,406 84,047 48,499 185,275,652 7,830,417 
California (2) (2) 20 * 57, 378 105, 197 451, 150 
Colorado 3 826,161 22,790, 077 709 3,214 1,133,220 2,983,363 
Idaho 911,642 5,055,059 80,182 25,946 1,589,408 19,114,829 
Arr. A yd ⁰ͥ¶⁰¶⁰ꝗʒp; y 7,688,295 891,579 
PA ¿l L o nd e e 8,815,825 1,816,978 
Montana 26 215 3,898 8,572 18,780,147 4,804,826 
Nevada. 1,229 10,585 2,292 105,871 14,251,746 718,011 
New Mexico 122,417 148,222 810 1,178 18,755,124 781,952 
South Dakota cis ⁵ dd da o o 1,954,178 119,766 
Utah... S. ¿u cu. 2 682,662 22,869,016 1,004 10 6,028 40,865,114 6,029,787 
Other States . 2,684,258 195,499 1 6,478 8,809,412 511,808 
Total 5,361,858 11, 128, 078 122, 907 158,164 252,423,318 45, 005, 605 
Percent of 
total silver SS (D.  lisssce-bes 100 


1 Gold-silver and silver ores combined to avoid disclosing individual company confidential data. 

2 Gold-silver and lead-zinc ores combined to avoid disclosing individual company confidential data. 
3 Silver and lead-zinc ores combined to avoid disclosing individual company confidential data. 

* Gold, gold-silver, and silver ores combined to avoid discloeing individual company confidential data. 
5 Gold and silver ores combined to avoid disclosing individual company confidential data. 

* Includes Maine, New York, Oklahoma, Oregon, Pennsylvania, Tennessee, and Washington. 

7 Less than Le unit. 

$ Copper, lead, and zinc ores combined to avoid disclosing individual company confidential data. 

* Includes byproduct silver recovered from tungsten ore. 

19 Includes byproduct silver recovered from uranium ore. 

1 Includes byproduct silver recovered from magnetite-pyrite ore. 


Table 5.—Mine production of recoverable silver in the United States, by States 
(Troy ounces) 


State 1966 1967 1968 1969 1970 
Fe . ase 7,193 5,787 3, 900 2,030 2,189 
EE 6,338,696 4,588,081 4,958,162 6,141,022 7,880,417 
e gaere iere E KI „515 „961 491,92 451,150 
Colorado 2,085,584 1,817,699 1,646,288 2,598,568 2,983,363 
; coca 19,776,785 17,088,380 15,958,715 18,929,697 19, 114, 829 
Kentuck kꝶcrùU e 1. 086 ö; r - ß annas 
J : Mee lampe. LE. Qam DEL 1 871,745 1 319,718 63,227 
Michigan 483,000 301,992 472,813 1,009,022 891,579 
JJ; CREER 226,168 840,856 090 1,816,978 
Molt! 8 5,319,785 2,066,464 2, 132,571 3,429,814 4,304, 326 
GUERRA. Loc emen ro 8 ,567 565,755 45,192 884,155 718,011 
New Mexico 242,620 157,495 224,866 465,591 781,952 
New York. ` e 21,590 81,108 27,615 81,755 0 
Oklahoma —Pb᷑ 2 868,788 2 279,898 ) ) 2 325,887 
o/ ³¹˙¹ 48 31 335 4,749 i 
Pennsylvania.. 2 2 1 2 
South Dakota... e e 109,885 121,258 137,668 124,497 119,766 
ennes sehe 100, 716 130, 078 89, 525 78,614 94,77 
Wiehe . K ĩ ai 7,755,411 4,874,640 5,120,772 5,958,567 6,029,787 
Washington____... (2) (1) ( y 
WYOMING EA A G 
tee ee 43,668,988 82,844,862 82,728,979 41,906,811 45,005,605 


1 Production of Maine, Oklahoma, Pennsylvania, Washington, and Wyoming (1969) combined to avoid 
disclosing individual company confidential data. 

2 Kerg el Oklahoma, Pennsylvania, and Washington combined to avoid disclosing individual company 
confiden š 
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Table 6.—Silver produced in the United States from ore, old tailings, etc., in 1970 
by States and methods of recovery, in terms of recoverable metal 


Ore and old tailings to mills 
Total ——T r NƏmc m Crude ore, old 
ore, old Recoverable Concentrates tailings, etc., 
tailings in bullion smelted and to smelters ! 
State etc. Thou- recoverable metal 
treated ! 1 sand 5 —————————— KKul y — 
(thousand short Amalga- Cyani- Concen- Thou- 
° short tons!2 mation dation trates Troy sand Troy 
tons) (troy , (troy (short ounces short ounces 
ounces) ounces) tons) tons 
J! a ct A ³ꝛ¹.wmq ]².⁰ ᷣ .! ]ð - d y A 
Arizona 150,549 150,02 8,871,204 7,013,794 524 816,628 
California 105 102 . 13,636 487,481 8 18 , 582 
Colorado 1,133 1,188 1,175" uos 168,211 2,926,746 (3) 5,289 
Idaho 1. 540 1,536 49 ....... 177,422 19,065,807 4 48,979 
Michigan 7,638 T6088 "eer aa. 229, 564 891,579 _..... _`.......- 
Missouri 8,816 8.816. ostora. estás 702,521 1,816,978 ...... ......... 
Montana 18,780 18,748 ....... ......- 485,575 38,796,887 87 507,989 
Nevada 14,252 14, 070 8 872,014 685,324 182 i 
New Mexico 18,755 18,6877 685,682 778,877 68 8,075 
South Dakota...... 1,954 1,954 94,059 24,892 .......-. .....-..- (3) 815 
C 40,865 40,692 ....... : 1,044,771 5,508,115 178 521,622 
Other States t...... 3,309 38 809 A 564, 721 505,869 (3) 5,489 
Total....... 267,696 266,705 95,287 24,892 7,760,821 43,376,907 991 1,505,945 


byproduct. 
34 un 
* Includes Maine, New York, Oklahoma, Oregon, Pennsylvania, Tennessee, and Washington. 


Table 7.—Silver produced at amalgamation and cyanidation mills in the United States 
and percentage of silver recoverable from all sources 


Bullion and precipi- Silver recoverable from all sources 
tates recoverable (percent) ` 
Year (troy ounces) 


Amalga- Cyani- Amalga- Cyani- Smelting!  Placers 
mation dation mation dation 


1966......- — — — ET 80,033 41,098 0.18 0.09 99.71 0.02 
JJ 8 290 47,054 26 15 99.57 02 
88 Su A ose ce 92,021 53,666 28 16 99.55 01 
I ö·r y ese toros 83,775 49,812 20 11 99.68 01 
!!. ³ 95,287 24,892 21 05 99.78 .01 


1 Crude ores and concentrates. 


Table 8.—Silver produced at refineries 
in the United States, by source 
(Thousand troy ounces) 


1969 1970 

From concentrates and ores: 
Domestic r 48,769 49,451 
Foreign r 89,723 31,930 
r r 88,492 81,381 
From old scrap I) r 79,798 56,044 
From new scrap. ..........- r 85,878 28,999 
Total production...... 199,168 161,424 


r Revised. 
1 Includes coin bullion purchased from GSA and 
refined to commercial grade silver. 


Table 11.—U.S. exports of silver in 1970, by countries 1 


SILVER 


Table 9.—U.S. consumption of silver, 


by end use 
(Thousand troy ounces) 
1969 1970 
Electroplated ware.......... 12,706 11,437 
Sterling ware. 20,291 19,116 
r 3,011 5,119 
Photographic materials 41,380 38,044 
Dental and medical supplies. . 1,591 1,804 
ie A 1,510 1,386 
Brazing alloys and solders.... 16,549 14,035 
Electrical and electronic 
products: 
Batteries 3,799 6,342 
Contacts and conductors. 34, 555 25,188 
Bearing 481 388 
Cataly sts 4,081 1,999 
Miscellaneous jj) r 1,590 3, 556 
Total net industrial 
consumption....... 141, 544 128, 404 3 
Coinage... -.------------- r 19,407 709 * 
Total consumption.... - 160,951 129,113 
r Revised. 


1 Includes silver-bearing copper, silver-bearing lead 
anodes, ceramic paints, etc. 


Table 10.—Value of silver exported from 
and imported into the United States 


(Thousand dollars) 


Year Exports Imports 
AAA ee ceed $247,100 $137,800 
1969. S ee 8 156,720 119,862 
9 AA 8 49, 139 103,757 


(Thousand troy ounces and thousand dollars) 


Ore and Waste and 

Country concentrates sweepings 
Quantity Value Quantity Value 
Belgium-Luxembourg...........-.---- 281 $509 5,222 $9,317 
77. O URNA MCN 572 1,053 2,961 4,833 
Germany, Wes. 96 | 169 — 35355 76 
Ireland. nacida EE (2) O. ia ea bios 
E AA xxx A 
II sc dra a. io ar 
Japan me ——. IL 1 12 17 
r Ee 13 29 eur EES 
Netherlands AAA E A 8 22 
Norway AAA A A A 
A A AS 119 200 
Lt EENS 180 323 
AI 2-2-2. 19 25 545 950 
United Kingdom 81 50 280 528 
r» ³ĩWW»» %ðͤ 1,013 1, 836 9,362 16, 266 
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Refined bullion 


Quantity 


17,289 


Value 


31,037 


1 Does not include 3,000 troy ounces ($20,725) ore and concentrates reexported to Australia and 11,282 troy 


ounces ($18,000) waste and scrap to Switzerland. 
2 Less than 1⁄4 unit. 
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Table 12.—U.S. general imports of silver in 1970, by countries 


(Thousands troy ounces and thousand dollars) 


Ore and Waste and Dore and Refined 
Country concentrates sweepings precipitates bullion 
Quantity Value Quantity Value Quantity Value Quantity Value 
tin 258 II ³ðQA y SUGIS 64 $113 
Australia. 1,769 777» ĩͤ A 1 2 
Brat A , .... 64 113 
Bolivia AA 322. ... AUN wesuees. mésscuS ⅛ ² o ])... 
anada ...----------- 12,376 20,821 295 $475 2,480 684,387 21,814 89,009 
Chile casacas S — "ZUR. loue. ͥ ⁰ d dae 
Colombia. 52 44 (1) ))). 8 
Czechoslovakia. 16 OO: Sica aco nia. yyy ĩ ⁰y⁰u v aos 
El Salvador. ciao erica. apar «Seniesa Posa. ]7«vd unas. a 15 . 24 
Ecuador................- 45 JJ 
Germany, Wet. 1 S A e (1) 1 
ua la O . lo A A 8 2 4 
Honduras. .............. 8,148 (/ A A 479 782 53 95 
Lebanon. A A AA A A 
Mexico 992 1. 523 94 151 5 8 4,264 7,478 
Nicaragua e E > ---.-.-.- St. c AA 
Norwa cee 31 /o isso. area -g, ß y Qusa. 
EST ⁵⅛ð§WO2AAAA.. HA ꝗq „MA “- y S. usata 9 
Peru RES 8,009 180 0 //% 2220-02- 8 3,223 5,657 
Philippines OS acuta iaseexwur (susci. (SS ss 
South Africa, Republic of 768 T355 A Bececcoss 
Switzerland l ⁵ĩ²˙.è ͥ dd 8 (1) (1) (1) 4 
United Kingdom 427 TÍO” lues. G Saga 1 2 50 105 
Venezuela............... .....-.. 2.2.2.2. 10 - uolexwoc Gessave dax ĩ 
Total..........-... 29,246 45,040 483 841 8,002 5,239 29,569 52,637 


1 Less than Le unit. 


SILVER 


Table 18.—World production of silver, by countries 1 


(Thousand troy ounces) 
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1 Recoverable content of ores and concentrates produced unless otherwise noted. 


Country ? 1968 1969 1970 p 
North and Central America: 

e . e r 45,013 43, 531 44, 615 
El Salvadob.. 2-2 A ⁰yßddddd ⁰ydyʒ 154 
/ iD yusa nhu Sa ce wmt xy 8 17 17 17 
Heiler ð y ice e cU mE 4,397 8,905 8,816 
717 ꝙẽ 7Üd' q q AA dE E E TE 40,031 42,904 42,889 
Niere hh 8 416 247 217 
United ste 8 32,729 41,906 45,006 

South America: 
0 A O :. Cee S Sus us 2,422 3,109 2,051 
Bolivia AAA A 8 5,180 6,013 6,816 
Brave AA EE 464 360 857 
A A ( 3,739 3,133 2,893 
Colombia oia f ais 100 7 76 
F ³˙uuꝛq. A Su SK 136 8 e 80 
PCC AAA A md AN 36, 362 34,147 38,078 
Europe: 

A «ð² O a 161 129 161 
Czechoslovakia eee 1,100 1,100 1,100 
PMS AAA A a ⁰yd 677 625 740 
AA omens soca estos ote ye ess r2,166 2,094 e2,100 
Germany: 

¡AAA A A es 4,800 4,800 4,800 

N77 ³ꝛ¹AA ³ow d eat e 1,769 1,684 1,773 
E A A . 8 261 258 420 
IS AA A ee i Sau 6 6 
CN AAA O ⁰¶⁰yy ⁰yd y 1,913 1,866 2,171 
Italy EE 1,156 1,832 1,061 
Poland $z; uu ade oa 160 165 180 
, ß cd 327 339 247 
enert 800 800 800 

pain ege Sege eer ere r 1,704 1,823 e 1,640 
Süd ³ ²ͤi! ] Ä ²³² Am ⁰¼ 8 3,524 3, 683 6,109 

E 35, 000 37, 000 88,000 
ét TT EE r 3,023 3,818 3,417 

Africa: 
¡ALPES a ß . 100 100 100 
Congo (Rinsbasai e 2,139 1,896 1,709 

¡FAA h ec ea ³ðVA A Eer 
LA AA E A ER F „„ 
T ͥ ͥ AA Lid EE 920 861 681 
South Africa, Republic of kk 8,337 8,335 8,527 
South-West Africa, Territory of z 1,850 1,273 1,229 
KEE 2 2 1 

AT TEEN er 87 e 43 58 

; Zampa 00 ci a eee a 768 768 768 
Asia: 

UPS A ↄi A Se eee eee r 790 902 572 
China, mainland ll... 700 800 500 
III a alee a m e 90 105 50 
hh. A IN 309 340 283 

EIERE tee 10,693 10,804 10,795 
Korea: 

North Sussie es as oi daa 700 700 700 
E AA ccu cu EU 8 r 637 906 1,494 
LN AU eh oue secca kß ß LI E ute 1,575 1,561 1,702 
6C˙ oo a o Lau nU CL 90 8 95 
Oceanía: 

Australianas ½⅛˙ ⅛ ͤ—ͥ• . mv ⁊ĩðé ĩ r 21, 394 24, 457 26, 126 
// rece Gd. 8 55 38 27 
New Guinea and Doanua. „„ 18 17 117 
New Zealand... locatarios e das 4 22 16 
C6111 ͥ e r 275,264 290, 469 301, 745 

e Estimate. p Preliminary. r Revised. 


2 In additicn to the countries listed Bulgaria, Guatemala, Thailand, Turkey, Southern Rhodesia, and several 
other African countries produce silver, but quantities are insignificant or not reported. I 
3 Production by the State Mining Company (COMIBOL) plus exports of medium and small (private sector) 


m 


ines. 
4 Smelter and/or refinery production. 


5 Recoverable content of Tsumeb Corp. Ltd. concentrates, as reported for year ending June 30 of year stated. 
6 Includes recovery from copper refinery sludges. 


7 New Guinea only. 
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Slag—Iron and Steel 


By Walter Pajalich * 


The slag industry felt the effects of the 
sluggish economic conditions that prevailed 
in 1970. Reduced construction activity, es- 
pecially in highway construction, decreased 
the demand for the iron-blast-furnace slag 
as a construction aggregate. In addition, 
a drop in pig iron production resulted in 
a corresponding decrease in output of 
blast-furnace slag by processors. 

Although production of blast-furnace 
slag in 1970 was about 12 percent less than 
that for 1969, supply generally was suffi- 
cient to meet the demand. However, some 
local areas where slag is used extensively, 


demand greatly exceeded available supply. 
Generally, transportation charges prohibited 
shipping the product any great distance 
to equalize the supply and demand. Most 
of the slag was processed convenient to 
markets and shipped a short distance by 
truck. Production and consumption of steel 
slag remained about the same as those of 
the previous year. 

Construction and maintenance were the 
prime, and nearly exclusive, markets for 
slag. No significant new uses for slag were 
developed. 


1 Physical 


scientist, Division of Nonmetallic 
Minerals. 


Table 1.—Iron-blast-furnace slag processed in the United States, by types 


(Thousand short tons and thousand dollars) 


Air-cooled 
Screened Unscreened 
Year 

Quan- Quan- 

tity Value tity Value 
1966........... 19,925 $35,348 551 $588 
/ 5.232 22,326 39,204 1,052 800 
1968..........- 21,757 39,034 1,826 1,493 
19839 8 22,295 41,388 2,239 2,525 
197200 et 20,214 40,066 2,038 2,069 


Granulated Expanded Total ! 
Quan- Quan- Quan- | 
tity Value?  tity Value tity Value 
3,749 $3,026 2,525 $7,860 26,750 $46,822 
8,760 2,884 2,456 7,262 29,598 50,101 
2,944 2,631 2,215 6,251 28,742 49,408 
2,818 3,174 2,422 6,985 29,774 54,074 
1,936 2,712 1,959 6,570 26,147 51,417 


1 Data may not add to totals shown because of independent rounding. 
2 Excludes value of slag used for manufacturing hydraulic cement 1966-70; and granulated aggregate for 


concrete-block manufacturing 1966-70. 
Source: National Slag Association. 


Table 2.—Iron-blast-furnace slag processed in the United States, by States 
(Thousand short tons and thousand dollars) 


Screened air-cooled All types 
Year and State 

Quantity Value Quantity Value 

1969 ` 
OM: ere E 4,576 $9,024 6,806 $13,291 
Pennsylvania ____.___..___...-...-_.--_-- 5,579 11,346 7,268 14,548 
Illinois, Indiana, Michigan 4,277 7,767 5,922 r 10,682 
Other States jj 7,863 13,252 9,778 r 15,553 
Total AAA AA 22,295 241,388 29,774 r 54,074 

1970 
Al A S SS 4,286 9,085 5,429 11,443 
Pennsylvania 4, 542 9, 676 6,173 13,047 
Illinois, Indiana, Michigan 4,599 8,954 5,896 12,022 
Other States lo 22222 2L LL LLL LLL l2 6,787 12,351 8,649 14,905 
AA AA 20,214 40,066 26,147 51,417 
r Revised. 


1 Alabama, California, Colorado, Kentucky, Louisiana (1970), Maryland, Minnesota, New York, Texas, 


Utah, and West Virginia. 


2 Data may not add to total shown because of independent rounding. 


Source: National Slag Association. 
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Table 3.—Shipments of iron-blast-furnace slag in the United States, 
by methods of transportation 
1969 1970 
Method of transportation Thousand Percent Thousand Percent 
short tons of total short tons of total 
¿AA ee 4,610 14 4,725 18 
E Nm 24,425 83 20,992 80 
NC dect arca d. C SS 788 8 480 2 
r ncc A SS E 129,774 100 26,147 100 


1 Data may not add to total shown because of independent rounding. 


Source: National Slag Association. 


DOMESTIC PRODUCTION 


Production of iron-blast-furnace slag is 
dominated by the air-cooled screened prod- 
uct, which totaled 20.2 million short tons 
valued at $40.1 million in 1970. Blast 
furnace and steel slag output was 9 per- 
cent less than the 1969 total. Most of the 
production centered in 11 States, with 
Pennsylvania and Ohio the leading States 


in quantity produced. A total of 1,557 plant 
and yard personnel worked 3,567,246 man- 
hours during 1970 in 56 air-cooled, 17 
expanded, and 14 granulated slag plants. 
The quantity of slag-encrusted magnetic 
iron recovered at these operations was 
3,897,000 tons. 


CONSUMPTION AND USES 


During 1970 most of the slag sold or used 
by processors was used for construction and 
maintenance of airports, buildings, high- 
ways, and railroads. The balance was used 
in the manufacture of glass, as a sewage 
trickling medium, and for agricultural pur- 


poses. Blast-furnace slag, in various forms 
such as granular, powder, or fibrous ma- 
terials, was used as loose aggregate or re- 
combined with some binding material. 
Screened air-cooled slag accounted for 77 
percent of the total tonnage of iron-blast- 


Table 4.—Air-cooled iron-blast-furnace slag sold or used by processors 
in the United States, by uses - 


(Thousand short tons and thousand dollars) 


1969 1970 
= Screened Unscreened Screened Unscreened 
se 
Quan- Quan- Quan- Quan- 
tity Value tity Value tity Value tity Value 
Aggregate in— 
Portland cement concrete con- 
struction: 
Structures________ 2,010 $4,205 ...... ....-- 2,075 $4,405 ...... ....-- 
Pavements.............- 112. 1:628 ¡necia mz 41 919 AAA 
Bituminous construction (all 
UV DOS) E 3,796 7,418 127 $228 3,888 7,819 ...... ....-. 
Highway and airport construc- 
VON IAS 88 0,086 18,198 446 432 8,291 17,057 1,475 $1,550 
Manufacture of concrete block. 430 72 3 T30. e, A 
Railroad ballast tt 409 5,047 / 8 3,420 4,682 ...... ooo... 
Mineral wooll 413 681 29 20 351 705 35 27 
Roofing slag: 
Cover material... 414 1,266 ...... eo... 628 1,448 ...... ...... 
Granules. oo ooo... 84 BUT ices: des 76 53090 8 
Sewage trickling filter medium 23 88 Z= ns 65 2·Ü bus 
Agricultural slag, liming........... 8 VF 7 C 
Other uses. 914 1,511 1,637 1,846 674 1,636 528 492 
DOUG RA 22,295 41,888 2,289 2,525 20,214 40,066 2,088 2,069 


1 Other than in portland cement concrete and bituminous construction. 
2 Data may not add to totals shown because of independent rounding. 


Source: National Slag Association. 


SLAG—-IRON AND STEEL 


furnace slag sold or used during 1970. 
Although slag consumption for roofing and 
sewage-trickling medium increased, the 
total quantity of slag sold or used was less 
than that for 1969. The decline resulted 
from the drop in slag used as construction 
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aggregates, reflecting the reduced construc- 
tion activity during the year. Consumption 
of steel slag increased 3 percent, with the 
major gain in the quantity used for high- 
way maintenance. 


Table 5.—Granulated and expanded iron-blast-furnace slag sold or used by processors 
in the United States, by uses 
(Thousand short tons and thousand dollars) 


Expanded 


Use Granulated 
Quantity Value! 


Highway construction and 


fill (road, etc.) 1,707 $2,459  J ..... 
Agricultural slag, liming... 59 115 ----- 
Manufacture of cement 
(all types) 680 NAA 
Lightweight concrete 222 
Aggregate for concrete- 
block manufacture 174 366 1,955 
Other uses 197 234 245 
Total2__ be en 2,818 73,174 2,422 


r Revised. NA Not available. 


Quantity Value 


Granulated Expanded 
Quantity Value! Quantity Value 


DE 1,121 $1,639 oce neus 
MIS 121 187 — aa 
rs 412 578 — a 
$908 — ..... ----- 48 $156 
5,733 151 208 1,781 6,033 

845 131 100 130 381 
6,985 1,936 2,712 1,959 6,570 


1 Excludes value of granulated slag used for hydraulic cement manufacture and concrete-block manufacture. 
2 Data may not add to totals shown because of independent rounding. 


Source: National Slag Association. 


Table 6.—Steel slag sold or used by processors in the United States, in 1970, by uses 1 


(Thousand short tons and thousand dollars) 


1969 1970 
Use — — 

Quantity Value Quantity Value 

Railroad ballast... -- ---- ee 922 $941 840 $981 
Highway base or shoulders. .................-. 1,604 1,570 2,371 2,476 
Paved-area base 1,063 889 1,346 1,343 
Miscellaneous base or fill!!! 2,881 2,723 1,419 1,651 
Bituminous mixes 265 312 496 764 
Agricultural... . 2 22 22 c2 eee eee 95 868 77 490 
Other uses_________ a is a ds a eiii 969 882 990 1,127 
Total: osa ts 7,299 7,685 7,539 8,832 


1 Excludes tonnage returned to furnace for charge material. 


Source: National Slag Association. 


PRICES 


The prices of iron-blast-furnace slag sold 
or used by processors for most uses in 1970 
were higher than in 1969, and reflected the 
continued increase in labor and production 
costs. Air-cooled, screened slag increased 


approximately 12 cents to $1.98 per short 
ton. The average value of blast-furnace 
slag was $1.97 per short ton, and steel slag 
averaged $1.17 per short ton. 
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Table 7.—Average value of iron-blast-furnace slag sold or used by processors 
in the United States, by uses 
(Per short ton) 


Air-cooled 
Use Screened Unscreened Granulated Expanded 
1969 1970 1969 1970 1969 1970 1969 1970 
Aggregate in—  - | 
Portland cement concrete con- 
structioͤ nn $2.09 $2.14 $0.45 TER see SE "s uude 
Bituminous construction (all 
types) / 1. 95 2.04 1.79 SE sa EM LE Eck 
Highway and airport con- 
struction ooo... 1.80 2.06 1.26 $1.05 $1.44 $1.46 m 9 
Manufacture of concrete block. 1.84 1.97 Li c e 2.10 1.38 $2. 93 $3.39 
Lightweight concrete. ......... cuu usn NE TN "o. EE 4.08 3.25 
Railroad ballast.................- 1.48 1.37 En o eet TRIN mo ass 
Mineral woool -------- 1.64 2.01 .68 77 NAM — euis RES 
Roofing slag: 
Cover material... ............ 3.05 2.30 GE 8 A Sis M NTC 
Granule s 6. 84 6.97 SRM ee 8 D 5 ENER 
Sewage trickling filter medium 2.04 1.94 mh 3 Dada PM e SE 
Agricultural slag, liming........... 2.46 2.00 NUNG MCN 1.96 1.55 Mes 3 
Other uses 1. 65 2.43 1.12 .93 1.18 .76 1.40 2.93 


1 Other than in portland cement and bituminous construction. 


Source: National Slag Association. 


TECHNOLOGY 


Changing metallurgical practices in 1970 
continued to reduce the amount of slag 
per ton of metal produced. The use of 
higher-grade raw materials and the partial 
replacement of coke by low ash fuels are 
the two main factors that have reduced the 
slag-iron ratio. The quantity of blast-fur- 
nace slag produced per ton of pig iron var- 
ied from less than one quarter ton to more 
than one ton. 

Continued application research, satisfac- 
tory performance, and availability of slag 
have resulted in more extensive use of slag 
in recent years. A cold mixture for roads to 
increase water and frost resistance as well 


as compression strength of highway coating 
was reported. The cold mixture consisted 
of crushed granite crumbs (40 to 50 per- 
cent) granulated blast furnace slag (50 to 
60 percent) and viscous bitumen.2 

Sound blast-furnace slags are being 
shaped by casting into components such as 
pipe-lining plates or large blocks. However, 
the quantity of slag used in this manner 
is limited.3 


2 Samodurov, S. 1. Cold Mixture for arms 
U.S.S.R. Patent 261 „236 (CI. C 04b), Jan. 6. 1970. 

3 Klemantaski, S. Processing of Metallurgical 
Slags at Iron and Steel Plants. Steel Times Ann. 
Rev., 1969, pp, 158-167. 


Sodium and Sodium Compounds 


By Charles L. Klingman 1 


In 1970 overall domestic production of 
soda ash (sodium carbonate) and salt cake 
(sodium sulfate) from manufactured and 
natural sources decreased about 0.5 percent 
from. 1969. Natural sodium carbonate 


showed an increase, but manufactured soda 
ash and high purity sodium sulfate showed 
decreases. The major source of natural 
soda ash continued to be the trona depos- 
its of Green River, Wyo. 


DOMESTIC PRODUCTION 


Total production of soda ash in 1970 in- 
creased about 1 percent. Production of 
manufactured material (Solvay process) 
declined nearly 3 percent, whereas natural 
carbonate output increased by almost 8 
percent. Except for the year 1967, in which 
natural soda ash production remained vir- 
tually the same as that of 1966, there has 
been an annual increase in the ratio be- 
tween natural soda ash mined and the 
manufactured product every year for the 
past 18 years. In 1970 the production of 
natural soda ash amounted to 38 percent 
of the total sodium carbonate output. 


Soda ash derived from natural sources 
was produced in California from dry lake 
brines and in Wyoming from underground 
trona deposits. The California producers 
were American Potash and Chemical Corp. 
and Stauffer Chemical Co. The Wyoming 
production, which accounted for a major 
part of the entire natural soda ash output, 
was contributed by the Allied Chemical 
Corp., the FMC Corp., and the Staufter 
Chemical Co. of Wyoming. Stauffer an- 
nounced plans to increase its natural soda 
ash production at Green River, Wyo., from 
1 million to 1.5 million tons per year. At 
about the same time, FMC stated that it 
planned to increase its natural soda ash 
production from 1.25 million to 2.25 mil- 
lion tons per year. The new installations 
were scheduled for completion by the end 
of 1972. 

Total production of manufactured and 
natural sodium sulfate declined about 8 
percent in 1970. High-purity sulfate 


dropped 19 percent, and low-purity salt 
cake showed a 4-percent gain. 

Salt cake was produced from dry lake 
brines in California by American Potash 
and Chemical Corp., the Stauffer Chemical 
Co., and by United States Borax and 
Chemical Co. In Texas, the Ozark-Mahon- 
ing Co. recovered salt cake from subterra- 
nean brine; and in Wyoming, the William 
E. Pratt Co. extracted a relatively minor 
quantity of sodium sulfate from dry lake 
beds. In October 1970, one small produc- 
tion facility of Ozark-Mahoning perma- 
nently closed because of declining profits. 

Production of sodium sulfate by solar 
evaporation of the waters of Great Salt 
Lake in Utah began in 1970. The produc- 
ing company, Great Salt Lake Chemical 
Corp., has an anticipated capacity of 
150,000 tons per year. 


1 Chemical engineer, Division of Nonmetallic 


Minerals. 


Table 1.—Manufactured and natural 
sodium carbonates produced in the 
United States 
(Thousand short tons and thousand dollars) 


Manufactured soda 


ash (ammonia-soda Natural sodium 


Year process) ! 2 carbonates 3 
Quantity Quantity Value 
1966.... 5,071 1,738 $40,674 
1967.... 4,849 1,726 40,539 
1968.... 4,596 2,043 42,104 
1969 r 4, 540 r 2, 495 50, 922 
1970. p 4,414 p 2,688 56,320 


p Preliminary. r Revised. 

1 Bureau of the Census. 

2 Includes quantities used to manufacture caustic 
soda, sodium bicarbonate, and finished light and dense 
soda ash. 

3 Soda ash and trona (sesquicarbonate). 
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Metallic sodium and its coproduct chlo- 
rine, were produced by electrolysis of mol- 
ten salt by the following three companies 
at five plants: E. I. du Pont de Nemours & 
Co., Inc, with plants at Niagara Falls, 
N.Y., and Memphis, Tenn.; Ethyl Corp. 
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with plants at Baton Rouge, La. and 
Houston Tex.; and Reactive Metals, Inc., 
at Ashtabula, Ohio. Sodium metal produc- 
tion increased 4 percent from 164,685 tons 
in 1969 to 171,220 tons in 1970. 


Table 2.—Sodium sulfate produced and sold or used by producers in the United States 1 


(Thousand short tons and thousand dollars) 


Production (manufactured 
and natural) ? 


Sold or used by producers 
(natural only) 


Year 
Lower purity ? 

(99 percent or less) High purity Quantity Value 
196%’; —P 1,009 436 640 $11,271 
1J1)9%%%%].55.5.. 8 696 668 637 10, 710 
// use WeceiecouS eS E 768 725 700 12,729 
/ · .. e r 781 r 744 672 12,427 
1970. 2 a aos p 761 p 602 598 10,982 


p Preliminary. r Revised. 


1 All quantities converted to 100 percent Na: SO. basis. 


2 Bureau of the Census. 
3 Includes glauber salt. 


CONSUMPTION AND USES 


The consumption and use pattern of so- 
dium and its compounds remained rela- 
tively unchanged from previous years. 
About 50 percent of the soda ash produced 
was used in the making of glass; 40 per- 
cent in the making of chemicals; about 8 
percent in the production of pulp and 
paper; and the remainder was consumed 
in miscellaneous uses such as water treat- 
ment, aluminum production, and in the 
manufacture of soap and detergents. 

About 74 percent of the sodium sulfate 
output was used in the production of 
Kraft paper. The remaining output was 
divided among glass, ceramics, detergents, 
stockfeeds, dyes, textiles, and medicines. 


Metallic sodium continued to be used 
primarily in the manufacture of tetraethyl 
or tetramethyl lead in spite of the threat 
of restricted use of lead in gasoline. Tita- 
nium producers utilized metallic sodium to 
reduce titanium tetrachloride to metallic 
titanium, An important potential market 
for metallic sodium may develop in the 
use of the liquid metal to cool nuclear re- 
actors. 

Union Carbide Co. has apparently dis- 
continued experimental development of so- 
dium-filled cables for transmission of 
electrical power. 


PRICES 


Market prices for sodium carbonate, so- 


dium sulfate, and metallic sodium reported 


by the Oil, Paint and Drug Reporter fol- 
low: 


1969 1970 

Sodium carbonate (soda ash, 58 percent Na:20): 

Light, paper bags, carlots, work. per 100 pounds.. $2.15 $2.35 

Light, bulk, carlots, work do.... 1.65 1.65 

Dense, lr bags, carlots, works do 2.25 2.40 

Dense, bulk, carlots, work „„ do.... 1.65 1.65 
Sodium sulfate (100 percent Na: SO): 

Technical detergent, rayon-grade, bags, carlots, works per ton 40.00 40.00 

Technical detergent, rayon-grade, bulk, works...............- do 34. 00 34. 00 

Domestic salt cake, bulk, works 1... ooooococococoooo do.... 28.00 28.00 

National Formulary (N. F. XII), drums per pound 25 21 23 1⁄4 
Metallic sodium: 

Bricks, carlots, work do.... .24 .26 

Fused, lots of 18,000 pounds and more, works do- 22 1⁄4 416 

Bulk, tank, TT EECH do.... 17% 18% 


1 Delivered east of the Mississippi River. 
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FOREIGN TRADE 


The quantity of sodium sulfate exported 
in 1970 was only 60 percent of that ex- 
ported in 1969 and was equivalent to 4 
percent of the domestic sodium sulfate 
production. Three-fourths of the sulfate 
exported was accounted for by shipments 
to Canada, Australia, and South Vietnam. 

Exports of sodium carbonate increased 
3.7 percent over those of 1969. Soda ash 
exports represented 4.7 percent of the total 
soda ash output in 1970. About half of the 
export went to Canada, 19 percent to Ar- 
gentina, and about 12 percent to Vene- 
zuela. 

Imports of sodium sulfate declined about 
6 percent as compared with those of 1969. 
Belgium-Luxembourg supplied about 54 
percent of these imports and Canada, an- 
other 38 percent. 


The tariff rates for sodium compounds 
during 1970 are tabulated below: 


Sodium carbonate: 


Calcined (soda ass) $3.40 
Hydrated and sesquicar- 
f eres 8.00 


Sodium sulfate: 


Crude (salt cakeoy)y)õõ Free 
Anhydrous______. ceda ocres .95 
Crystallized (glauber salt . 70 


Table 3.—U.S. exports of sodium 
carbonate and sodium sulfate 


(Thousand short tons and thousand dollars) 


Sodium carbonate Sodium sulfate 


Table 4.—U.S. imports for consumption of sodium sulfate 
(Thousand short tons and thousand dollars) 


Crude (salt cake) 


Year 
Quantity Value 
1966 EE 279 $4,721 
, ð K Su See 264 4 2477 
1910-5255 asb 2 s 243 4,224 


Year 
Quantity Value Quantity Yalue 
1968____ 288 $9,131 56 $1,844 
1969.... 324 10,326 91 2,644 
1970.... 336 12,007 55 1,668 
Anhydrous Total ! 

Quantity Value Quantity Value 

25 $377 305 $5,108 

22 324 286 4,808 

26 529 269 4,753 


1 Includes glauber salt as follows: 1968, 1,277 tons ($10,107); 1969, 158 tons ($6,935); 1970, none. 


WORLD REVIEW 


Argentina.—In January 1970, the Gov- 
ernment promulgated a “soda Solvay pro- 
motion” law which invited bids for build- 
ing a 220,000-ton-per-year soda ash plant. 
Investment is estimated at $30 million, 
and the new plant will make importation 
of soda ash unnecessary.? 

A $120 million petrochemical complex 
being built at Bahia Blanca in Buenos 
Aires Province, by The Dow Chemical Co. 
was scheduled to produce 100,000 tons of 
caustic soda per year. The operation will 
consume 200,000 tons of salt annually from 
La Pampa Province. Án existing local plant 
was scheduled to increase its caustic soda 
production by 5,000 tons per year.3 

Bulgaria.—A plant, under construction 
at Varna, was scheduled to produce 1.2 
million tons per year of soda ash, which is 
intended primarily for export. Equipment 
for the plant came from Japan.“ 

Canada.—W. R. Grace Co. was building 
a plant in Ontario that was scheduled to 


produce 100 million pounds per year of so- 
dium nitrilotriacetate. Production was due 
to start in December 1972.5 

Chile.—A new industrial complex was 
dedicated in October 1970, which included 
a $10 million chlorine-caustic soda plant 
capable of producing 37,000 tons of caustic 
soda per year.é 

Greece.—A contract was signed by the A. 
S. Onassis interest to build a $600 million 
industrial complex at Megara. A facility to 
produce 54,500 short tons of caustic soda 
per year was included.” 


2U.S. Embassy, Argentina. State Department 
Airgram A-11, Jan. 14, 1970, Item 4, P 3. 

3 Bureau of Mines. Mineral Trade Notes. V. 
68, No. 5, May 1971, pp. 12, 18. 

* European Chemical News. Bulgaria Plans 
Soda Ash Exports. V. 17, No. 489, July 3, 1970, 

8 


j 5 Oil, Paint and Drug Reporter. V. 198, No. 7, 
Aug. 17, 1970, pp. 3, 13. , 
6 U.S. Embassy, Chile. State Department Air- 
gram A-383, Nov. 9, 1970, p. 3. ) 
7 U.S. Embassy, Greece. State Department Air- 
gram A-118, Mar. 28, 1970, pp. 1, 2. 
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An agreement was reached with the In- 
ternational Finance Corp. for financing a 
$19 million chemical complex at Messolon- 
ghi to produce, among other things, 60,000 
tons per year of soda ash.8 

Taiwan.—Expansion projects were un- 
derway to increase production capacity of 
the Southeast Soda Mfg. Co. Ltd. from 
44,000 to 66,000 short tons per year of so- 
dium carbonate and from 6,600 to 13,200 
short tons per year of sodium bicarbonate. 
Two-thirds of the bicarbonate production 
was to be exported.? 

Turkey.—Chlorine-caustic soda produc- 
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tion at Izmit was doubled to 44,000 short 
tons per year.10 

United Kingdom.—Construction was in 
progress on a new plant for the Imperial 
Chemical Industries (ICI), Mond Division, 
at Northwich, which was scheduled to pro- 
duce 250,000 tons of dense soda ash per 
year. Production was scheduled to start 
during 1971.11 

Venezuela.—A $400 million complex lo- 
cated at El Tablazo was scheduled to pro- 
duce, among other things, 43,100-tons-per- 
year of caustic soda. Construction was due 
to be completed in July 1972.12 


TECHNOLOGY 


A patented process for recovering so- 
dium carbonate and sulfur dioxide or so- 
dium sulfite from pulping liquors was per- 
fected at the Kemi pulp mill at Tampere, 
Finland. This system converts “green liq- 
uor” to hydrogen sulfide and sodium car- 
bonate instead of caustic soda. The Kemi 
plant has a capacity of 7,000 tons per year 
of pure sodium carbonáte.13 

A new procedure for separating trona 
(sodium sesquicarbonate, NagCO3.NaHCOs- 
2H20) and sal soda (hydrated sodium car- 
bonate, NazCOg. 10 HzO) from other com- 
ponents of natural brines by a special flota- 
tion process was patented.14 

Caustic soda was manufactured in the 
form of smooth, dustless spheres either 


0.055 or 0.040 inch in diameter. The new 
physical form was said to be free flowing, 
less subject to caking, and less irritating to 
the skin. 


8 SEN of Mines. Mineral Trade Notes. V. 
67, No. 2, February 1970, p. 27. 

? U.S. Embassy, Taiwan. SENE Department Air- 
gram A-231, June 26, 1970, pp. 

10 Bureau of Mines. Mineral "Trade Notes. V. 
67, No. 11, November 1970, p. 3 

11European Chemical NE ICI Expands in 


Soda Ash and 1 Potash. V. 17, No. 414, 


Jan. 9, Se pipet 
2 U.S. a Venezuela. us Department 
Airgram mi Mar. 24, 1970, 
13 Chemical Engineering. 
From Sodium-Base Sulfite Pulping. V. 77, No. 20, 
Sept. 21, 1970, pp. 138-142. 
= Garrett, D. E. and W. R. White. Froth Flo- 
tation. U.S. Patent 3 1525, 494, Aug. 25, 1970, 3 
pp. 
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Stone 


By Harold J. Drake * 


Domestic production of stone in 1970 
reached a total of 875 million tons valued 
at $1.47 billion. Although dimension stone 
accounted for only 0.2 percent of the total 
quantity produced, this type of stone rep- 
resented 6.5 percent of the value, as unit 
values rose to meet increased production 
costs. Crushed and broken stone accounted 
for slightly more than 99 percent of the 
total production and 93.5 percent of the 
value. 

Production of stone was reported in all 
States except Delaware. Ten States ac- 
counted for 53 percent of the domestic 
stone output and 48 percent of the total 
value. Pennsylvania led with 66 million 
tons of stone produced. Other major pro- 
ducing States, in order of tonnage, were 
Illinois, Ohio, California, Texas, Florida, 
Michigan, Missouri, New York, and Vir- 
ginia. 

The National Limestone Institute held 
its 25th anniversary convention in Wash- 
ington, D.C.2 Discussions at earlier conven- 
tions considered chiefly agricultural pro- 
grams; however, the silver anniversary 
program embraced agriculture, highway 
construction programs, research on lime- 


mental controls and important day-to-day 
Operating factors in quarries and plants. 
The Limestone Producers Association held 
its 25th anniversary meeting in Jefferson 
City, Mo.3 Subjects discussed included de- 
velopments in Federal tax legislation, the 
Federal mine safety law, reclamation of 
quarrying and mining properties, the future 
of agronomy in Missouri, and the Missouri 
vehicle safety law. Major highlights of the 
program were discussions concerning pro- 
posed revisions to percentage depletion and 
application of the national mine safety 
legislation. The lowa Limestone Producers 
Association held its 25th anniversary, con- 
vention in Des Moines, Iowa.* Subjects dis- 
cussed included marketing factors, product 
research and promotion, national legisla- 
tion, environmental control problems, and 
pros and cons of various types of equip- 
ment. 


ADS scientist, Division of Nonmetallic Min- 
erals. 

2 Pit and Quarry. National Limestone Institute 
Celebrates 25th Anniversary. V. 62, No. 9, March 
1970, pp. 130-138. 

3 Pit and Quarry. Missouri Association Marks 
25th Anniversary. V. 62, No. 9, March 1970, pp. 
139-141. 

4Pit and Quarry. Iowa Limestone Producers 


stone products, tax legislation, environ- or 1 sl E pactos: Ve De) NOs, 19 
Table 1.—Salient stone statistics in the United States 1 
(Thousand short tons and thousand dollars) 
1966 1967 1968 1969 1970 
Shipped or used by producers: 
Dimension stone 2,327 2,011 2,060 1,867 1,565 
AA h smua Z: a $89,814 $95,472 $98,441 $98,547 $95,157 
Crushed stone 811,047 783,581 817,537 861,021 872,947 
Ci $1,170,901 $1,144,772 $1,219,469 $1,326,047 $1,379,761 
Total stone 813,3 , 592 819,597 2 862,889 874,512 
Value 2 $1,260,715 $1,240,244 $1,317,911 $1,424,594 $1,474,917 
Exports (value). ................--.-- $11,1 : $9,969 $10,223 $10,396 
Imports for consumption (value)) $20,739 $19,823 $24,629 $30,548 $35,674 


1 Includes slate. 


? Data may not add to totals shown because of independent rounding. 
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DIMENSION STONE 


DOMESTIC PRODUCTION 


Reduced construction activity during 1970 
resulted in a drop in output of dimension 
stone. Production decreased 16 percent from 
1.9 million tons in 1969 to 1.6 million tons 
in 1970. Value, however, decreased only 3 
percent, reflecting the current rising trend 
in prices. 

Greater acceptance by consumers of for- 
eign fabricated stone, higher building-site 
labor costs and lower amounts of financing 
adversely influenced the industry.5 

Improvements to reduce costs of quarry 
Operations and plant equipment were of 
great interest to the dimension stone in- 
dustry. Channelling machines are standard 
equipment, and use of wire saws and quarry 
bar drills is increasing. 


CONSUMPTION AND USES 


Of the total quantity of dimension stone 
sold or used by producers, granite repre- 
sented 37 percent, limestone and dolomite 
31 percent, sandstone, quartz, and quartzite 
19 percent, slate 6 percent, marble 4 per- 
cent, and other stone together with a minor 
amount of traprock, 3 percent. 

Curbing and monumental stone repre- 
sented the major uses of the dimension 
granite industry. 

In the limestone industry architectural 
purposes lead all other categories in the 
consumption of stone. Greater interest has 
been created in this area as new building 
methods and systems have developed. Re- 
search is being conducted on a posttension 
method for application to limestone and 
broadening the technological aspects of 
quarrying. 

Cut stone represents the major use for 
marble output. Although the desire for 
marble still prevails, the industry has been 
adversely affected by the economic slow- 
down. 

Although slate production has shown a 
steady decline in recent years, the outlook 
for the industry appears good when mone- 
tary restrictions on the building industry 
are loosened. 


PRICES 


Average values for dimension stone in 
1970, as reported to the Bureau of Mines, 
are listed below in dollars per ton: 


Monu- 

Building mental, 
rough Flagging 

and 

Rough Dressed dressed 
Granite $18.84 $76.81 $108.95 ....... 
Marble 42.48 260.20 ...... .....--. 
Limestone..... 17.90 48.51 ...... $9.70 
Sandstone...... 15.94 54.98 ...... 89.62 
C/ EES 142.25 29. 88 
Miscellaneous .. 13.45 44.888 24. 62 


FOREIGN TRADE 


U.S. building and monumental stone ex- 
ports were valued at $2.3 million. In terms 
of value, 62 percent went to Canada, Japan 
received 10 percent, Mexico received 4 per- 
cent, the Bahamas received 3 percent, and 
the remainder went to other countries in 
minor amounts. 

Imports of finished stone continued to 
supply a large percentage of the domestic 
market. Although marble and travertine 
have been the most popular of the finished 
stone imports, granite imports were also 
sizable. Slate imports are increasing, but 
the demand is not as great as that for mar- 
ble and granite. It is believed by some 
manufacturers that these imports have had 
a definite impact on the domestic marble 
industry—a number of plants and quarries 
have remained idle or have closed down in 
recent years. 

Total U.S. imports of stone for consump- 
tion were valued at $35.7 million, of which 
84 percent was dimension stone. Marble, 
breccia, and onyx chiefly from Italy and 
Portugal represented 45 percent of the 
value of dimension stone imported; monu- 
mental, paving, and building granite was 
furnished chiefly by Canada and Italy and 
comprised 27 percent; the slate imports 
accounted for 10 percent and were fur- 
nished mainly by Italy and the United 
Kingdom. Italy was the chief source of 
travertine, which represented 9 percent of 
the value of imports for consumption. The 
remaining percentage was comprised of. 
values for limestone, quartzite, and miscel- 
laneous stone. 


WORLD REVIEW 


Philippines.—The marble industry of the 
Philippines was discussed in a report that 


5 Mining Engineering. Industrial Minerals—1970 
and Beyond. V. 23, No. 1, January 1971, 50 pp. 
6 Work cited in footnote 5. 


STONE 


detailed the distribution of deposits and the 
mining, processing, and marketing of mar- 
ble." Luzon and Mindoro are the principal 
sources of marble. The largest processing 
plant is situated at Maco, but several siz- 
able plants are located in the Manila area. 


Faced with rising labor costs, a shortage 
of skilled workers, and strong competition 
from other structural materials, the Philip- 
pine dimension stone industry is moving 
as rapidly as possible towards automation.8 


Taiwan.—Production of marble has 
sharply accelerated in recent years with the 
discovery of large deposits of green serpen- 
tine and grey and black calcite marble.9 
The principal products currently are dec- 
orative items such as table tops and lamp 
bases, but output of architectural marble 
is accelerating. 


Togo.—The marble deposit being worked 
by Société Togolaise de Marbrerie et de 
Materiaux is believed to contain over 550 
million short tons—a virtually inexhaust- 
ible supply at the current rate of produc- 
tion of 10,000 tons a year. It was further 
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noted that the company has expanded its 
processing facilities and plans to export 
block and finished marble products. 


TECHNOLOGY 


A new anchoring system has been devel- 
oped that is expected to offset problems in- 
herent in joining stone facing slabs to con- 
crete in producing precast architectural 
units.10 The use of a shear hub and slip 
anchor allows the stone slab to be retained 
on the concrete slab free of destructive 
stresses to both components. 

Failure to achieve the maximum degree 
of mechanization possible and to resolve the 
manpower problem may lead to the demise 
of the dimension stone industry. The in- 
dustry is beset, additionally, by municipal 
planning restrictions, particularly in densely 
populated areas.11 In the past, the develop- 
ment of stone quarries was virtually un- 
restricted, but today many urban planning 
commissions carefully control mining oper- 
ations by requiring mining companies to 
plan current and future operations in the 
manner described in the article. 


CRUSHED STONE 


DOMESTIC PRODUCTION 


In 1970 production of crushed stone 
totaled 873 million tons valued at $1.4 bil- 
lion, 1 percent and 4 percent, respectively, 
above the corresponding levels of 1969. Pro- 
duction was partially restrained during 
1970 owing to a decline in industrial and 
construction activity. Approximately two- 
thirds of the crushed stone was used for 
construction and paving purposes. 

Legislation and Government Programs.— 
Highway construction, a principal market 
for crushed stone aggregates, continued at 
the high rate begun by the Federal Govern- 
ment in 1956. "The U.S. Department of 
Transportation announced that, as of De- 
cember 31, 1970, 74 percent of the 42,500- 
mile National System of Interstate and De- 
fense Highways was now open to traffic. An 
additional 10 percent was under construc- 
tion, 12 percent was in the planning stage, 
and 4 percent was in a preliminary stage. 
Approximately 9 percent of the mileage now 
in service will need additional improve- 
ments in order to handle projected in- 
creased traffic in the future. In addition to 
the Interstate System, construction contracts 
involving 244,416 miles of primary and 


secondary highways had been completed 
at a cost of $22.6 billion. Contracts invol- 
ving 13,917 miles at a cost of $4.1 billion 
were underway. An additional $1.8 billion 
of engineering and right-of-way acquisition 
work has been completed, and $879 milion 
worth of such work was underway. 

The stone industry continued to expand 
and modernize facilities to meet increasing 
demand and to become more competitive. 
Quarry Products, Inc, Richmond, Calif., 
completed modernization of its quarry on 
San Francisco Bay.12 The new complex in- 
cludes a new automated plant that produces 
cement-treated base materials and addi- 
tional crushing and screening equipment. 
Principal products include cement-treated 

7 Shadmon, Asher. Marble in the Philippines. 
Bureau of Mines, Manila, Philippines, 1969, 60 pp. 

8 Shadmon, Asher. Present Trends in the Fabri- 
cation of Marble and Stone. Philippine Architec- 
ture, Eng., and Construction Record. 9 pp. 


? Modern Asia. Stoney Ground. V. 5, No. 2, 


Mar. 1971, pp. 12-14. . 
10 Concrete Products. New System for Anchoring 
Stone to Precast Concrete. V. 73, No. 1, Jan. 1970, 


0 pp. 

11 Shadmon, Asher. Quarry Site Surveys in Rela- 
tion to County Planning. 23d., Internat. Geol. 
Cong. 1968, pp 125-132. 

12 Utley, Harry F. Pioneer Quarry on San Fran- 
cisco Bay is Modernized. Pit and Quarry, v. 62, 
No. 8, February 1970, p. 126. 


1042 


base materials, construction aggregates, and 
bituminized paving material. Rivergate 
Rock Products Co. Portland, Oregon, com- 
pleted an expansion of its crushed stone 
plant.13 The capacity of the new plant is 
more than double that of the old. Products 
include coarse riprap, asphalt rock, railroad 
ballast, and several sizes of base rock. Ad- 
vance planning, continuous equipment re- 
habilitation, and proper maintenance pro- 
grams are among the key factors that lead 
to rapid growth of small firms producing 
crushed stone.14 The proper placement of 
new equipment and stockpile, in the quarry 
area cuts haulage distances and mainte- 
nance costs.15 L. W. Rozzo, Inc., is using a 
portable plant and a stationary plant to 
exploit an oolitic limestone deposit near 
Hollywood, Fla.16 Planned highway con- 
struction led to the formation in 1967 of the 
Elkhorn Stone Co. in eastern Kentucky, to 
supply crushed paving stone.17 A rapidly 
growing chemical stone market led Texas 
Crushed Stone Co. to embark on a major 
expansion program that more than doubled 
existing capacity at its Georgetown, Tex. 
plant.18 The problems of environmental 
pollution, and encroachment of urban areas 
were met and solved by Blue Rock Indus- 
tries, Westbrook, Maine.19 

The National Crushed Stone Association 
(NCSA) at its recent 53d Annual Conven- 
tion made it obvious that there will be no 
letdown in its comprehensive program 
aimed at regaining old markets, developing 
present markets, and finding new uses and 
markets for crushed stone.20 Also stressed 
at the convention were the efforts being 
made to solve environmental problems. A 
full-scale test of a limestone injection proc- 
ess for reducing sulfur dioxide emitted 
from the stacks of coal-burning power 
plants is scheduled for the near future.?1 
Testing of concrete shoulders on highways 
was accelerated by the participation of the 
U.S. Bureau of Public Roads.22 The Bu- 
reau’s program calls for test projects in at 
least two States in each of nine regions. 


CONSUMPTION AND USES 


Although consumption of crushed stone 
increased slightly in 1970, not all major 
end uses recorded gains. Consumption of 
dense-grade road stone, the largest use of 
crushed stone, declined about 13 percent, 
and that for stone used in the manufacture 
of cement and lime fell about 6 percent. 
Use of flux stone and surface treatment ag- 
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gregate also declined. Increases in consump- 
tion were recorded for stone used for agri- 
cultural purposes (9 percent), for con- 
crete aggregate (7 percent), and for un- 
specified construction aggregate (9 percent); 
a large increase (38 percent) occurred in 
the use of riprap and jetty stone. 


PRICES 


Quotations in Engineering News-Record 
for carload lots of 114-inch crushed stone in 
1970 ranged from $5.75 per ton in Minneap- 
olis to $1.55 per ton in Birmingham. The 
average price reported for 17 miajor cities 
was $2.98 per ton. The prices for 34-inch 
crushed stone ranged from $5.75 per ton 
in Minneapolis to $1.60 per ton in Birming- 
ham and St. Louis. The average price for 
19 major cities was $3.04 per ton, an in- 
crease of 2 percent over the 1969 average. 

Prices for industrial fillers and extenders 
per ton, as reported in the American Paint 
Journal, were as follows: 
Silica, amorphous, 

ultra-fine-ground 
Silica, crystalline $20.50—45.40 
Whiting, precipitated, 


surface-treated ______ _ _ $48.00 
Whiting, dry ground, 

325-mesh `  ------ $14.25—19.00 
Whiting, precipitated, 

7 350.001 17. 00 
Whiting, precipitated, 

technical __ s o essa $33.00—44.00 
Whiting, natural, 

water-ground _____ $39.00 


13 'Trauffer, Walter E. Portland, Oregon, Crushed 
Stone. Pit and Quarry, v. 62, No. 10, April 1970, 
pp. 98-103. 

4 Herod, Buren C. Planning Key to Growth of 
Ohio Quarry Operations. Pit and Quarry, v. 62, 
No. 11, May 1970, pp. 122-126. 

15 Shannon, James J. Equipment Installation in 
Existing Quarry Cuts Costs for River Products 
Co. Rock Products, v. 73, No. 9, September 1970, 
pp. 114, 116. 

1$ Stearn, Enid W. Rozzo Hits Paydirt in Hard- 
rock. Rock Products, v. 73, No. 4, April 1970, 
pp. 48-49. 

17 Herod, Buren C. Elkhorn Stone Company— 
An impressive Newcomer. Pit and Quarry, v. 63, 
No. 3, September 1970, pp. 74-79. 

18 Herod, Buren C. Steadily Improved Service— 
Texas Crushed Stone's Goal. Pit and Quarry, v. 
63, No. 4, October 1970, pp. 80-85, 89. 

19 Trauffer, Walter E. Maine's New Dust-Free 
Crushed Stone Plant. Pit and Quarry, v. 63, No. 
2, August 1970, pp. 96-100. 

20 Pit and Quarry. Selling Stone and Environ- 
mental Control Stressed at NCSA's 53rd Annual 
Convention: V. 62, No. 11, May 1970, pp. 140- 
1 


21 Rock Products. Kentucky Quarry Gets TVA 
Contract. V. 73, No. 2, February 1970 p. 18. 

22 Roads and Streets. Concrete Shoulders Get 
National Evaluation. V. 113, No. 10, October 
1970, pp. 74-75. 
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FOREIGN TRADE 


U.S. exports of crushed stone in 1970 
amounted to 2.1 million tons valued at 
$6.7 million. Approximately 82 percent of 
the quantity and 51 percent of the value 
of the exports was calcareous stone used as 
a flux or in manufacturing cement and 
lime. The bulk of the remainder consis- 
ted of unspecified types of stone used for 
various purposes. Canada was the principal 
recipient (89 percent of the quantity and 
77 percent of the value), followed by the 
Bahamas, Mexico, Guyana, and Chile. 

U.S. imports of crushed stone in 1970 
amounted to 3.3 million tons valued at 
$5.9 million. Nearly all of the imported 
stone consisted of chips, spalls, and crushed 
or ground material. The remainder was 
rough, irregular pieces of broken stone. 
Canada was the principal source of the 
imports. 


WORLD REVIEW 


Bahama Islands.—The U.S. Department 
of State reported the passage by the Baha- 
mian Government of a law encouraging the 
mining of aragonite by Ocean Industries 
Inc. of Fort Lauderdale, Fla. The law is 
unique in that it levies an operations tax 
on net profits of the company. Commercial 
development of the underwater aragonite 
deposits began after 5 years of intensive 
processing and marketing studies.23 Con- 
ventional undersea mining methods are be- 
ing employed to extract the aragonite. 

Canada.—One of the most unusual and 
versatile crushed stone plants in Canada 
is that of Haverlock Lime Works, Ltd., at 
Haverlock, New Brunswick.24 The com- 
pany operates a new modern crushed stone 
plant, three agricultural-limestone-produc- 
ing plants, and a pulverizing limestone 
plant that produces a wide variety of spe- 
cial products. New Brunswick is also the 
location of one of Canada’s largest agri- 
cultural limestone producers, Brookville 
Manufacturing Co., Ltd., Brookville, New 
Brunswick.25 The company, a pioneer agri- 
cultural stone producer in the Maritime 
Provinces, also produces aggregate stone 
and fertilizer filler stone. 

Finland.—One of the largest limestone 
mining operations in Finland is located at 
Lohja, approximately 40 miles west of Hel- 
sinki.26 About two-thirds of the 1-million- 
tons-a-year output is consumed as cement 
plant feed. 
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South Africa, Republic of.—Northern 
Lime Co., Ltd., reported increased sales and 
profits as a result of fuller utilization of 
its Silver Streams plant capacity.27 The 
company produces limestone, unslaked lime, 
hydrated lime, and road lime; end uses 
cover a wide field that ranges from steel 
refining to agriculture. Richard' Bay 
Quarries (Pty) Ltd., Natal, commenced 
development of a dolerite property near 
Empangeni.28 The company has been 
granted a renewable 25-year operating 
charter. 


Sweden.—A major step was taken to solve 
the problem of environmental pollution in- 
herent in stone-crushing plants.29 Two 
firms, A. B. Mataki and Trelleborgs Gum- 
mifabriks, A. B., decided to sell all machin- 
ery in rubber in order to eliminate dust 
and reduce noise levels in its new crushing 
plant. Dust was virtually eliminated, and 
A. B. Mataki says it now needs only a tenth 
of the usual ventilation capacity. 


TECHNOLOGY 


Using special plastic materials that can 
greatly increase the strength of rock, scien- 
tists of the U.S. Bureau of Mines are work- 
ing to develop a system that may ulti- 
mately make walls and roofs of mine tun- 
nels completely self-supporting. Consider- 
ably more laboratory work is needed before 
any system employing the high-strength 
plastic can be readied for testing under 
actual conditions. Present testing involves 
impregnating rock specimens with a highly 
fluid form of plastic, which is forced into 
cracks, joints, and pores. In a subsequent 
step, heat is applied, in the presence of 
catalysts, which causes the molecules of 


23 Schmitz, Richard C., and William T. Aldrich. 
Underwater Mining of Aragonite Sands in the 
Bahamas. Marine Tech. Soc. 6th Annual Pre- 
prints, v. 2, 1970, 9 pp. 

% Pit and Quarry. Haverlock (N.B.) Lime 
Works, Ltd., Continues Steady Growth. V. 62, No. 
12, June 1970, p. 112. 

25 Trauffer, Walter E. Pioneer New Brunswick 
Agstone Producer Expands. Pit and Quarry, v. 
62, No. 11, May 1970, p. 116. 

2 Gustafsson, Caj-Erik. Finns Quarry Du PE d 
From Under Lake. Rock Products, v. 73, . 4, 
April 1970, pp. 50-55. 

27 South African Mining Engineering Journal. 
In the N.W. Cape—Limestone Is Big Business, 
Part I. V. 81, No. 4013, January 1970, pp. 5-6. 

28 Holz, Peter. Nekwane — Natal's Largest 
Quarry. Pit and Quarry, v. 62, No. 8, February 
1970, pp. 118-119 

29 Pit and a Dust- and Sound-Proof Stone- 
cork Plant Protects Workers and Environment. 

62, No. 8., February 1970, p. 134. 
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the plastic to link up into large complex 
molecules or polymers. 

A two-way radio system was used by the 
United States Steel Corp. at its limestone 
quarry as means of keeping the complex 
operating at peak efficiency.30 The princi- 
pal effect of the system is to reduce down- 
times resulting from mechanical failures, 
and to coordinate haulage and production 
equipment. Limestone was successfully and 
economically sorted electronically in a pilot 
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installation at Colwyn Bay, North Wales.31 
Reduction of hauling costs was accom- 
plished by using portable crushing and 
screening plants in supplying paving ag- 
grates and crushed stone for road projects.32 


% Pit and Quarry. Two-Way Radio Speeds Com- 
munications at U.S. Steel Limestone Quarry. V. 
62, No. 11, May 1970, pp. 150-151. 

31 Rock Products. Sorting Limestone Electroni- 
cally. V. 73, No. 3, March 1970, pp. 76-79. 

32 Roads and Streets. Portability Means Profits 
to Road Stone Producer. V. 113, No. 10, October 
1970, pp. 78-79. 
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Table 2.—Stone shipped or used by producers in the United States, 


by States 
(Thousand short tons and thousand dollars) 
1969 1970 
State Oo —_ ————Y FA ƏnysFTF? 
Quantity Value Quantity Value 

AT, TEE 19,854 $37,512 1 19,882 1 $37,166 

ES AA IA 1,954 ,90 6,47 10,01 
AVIZONG EENEG 2,827 5,812 8,511 7,094 
EEN 16,463 23,134 15,284 22,786 
Gier 8 38,033 57,757 46,399 66,950 
%%% Z ode 2,245 5,079 8,552 8,076 
Connecticut amatista cua Eae 7,562 15,325 8,338 16,915 
Florida RORIS NP 42,332 56,611 43,089 61,302 
Georgia. -aoaaa . . . A 27,755 59,451 26,635 59,200 
LE EE a a at 6,534 16,059 1 6,382 115,538 
IdàhOo a tado Varas a 3,750 6,426 14,240 16,868 
Minds 54, 857 81,318 55, 776 86, 502 
ahhh A IA s 25,559 45,400 25,818 45,215 
OW RN A ⁰ ßx EEN 26,233 40,895 25,305 41,119 
¿AT EERSTEN 15,828 22,645 15,161 22,406 
Kentucky eee 180,158 144,644 29,311 1 45,208 
Louisiana 222i coco co ooo 9,237 11,892 9,059 11,660 
Maine. EE %⅛ „mm kms xx 1,101 3,798 12,311 
Maryland___ . eee 15,067 30, 504 16,015 32,783 
Massachusetts. ` 7,847 22,521 18,008 24,349 
Michigan AA 39,186 43,572 41,687 49,501 
Minnesota Lk 5,085 14,253 4,579 17,000 

Mississippi... eee 

¡A BEE EE 41,977 63,251 39,726 157,285 
Montana.. ee 7,667 10,579 16,501 1 6,896 
Nebraska... aii. 4,665 9,494 4,265 7,378 
OT TEE 1,494 2,433 1,860 | 2,722 
New Hampshire 320 2,888 W 1845 
New Jersey 15,162 84,034 115,160 140,567 
New Mexico. -ooo ooo LoLo 8 2,826 3,286 18,100 14,030 
New Vork oo ooo aoaaa 87,561 66,839 37,616 68,118 
North Carolina 26,812 47,829 30,363 54,121 

North Dakota 72 99 12 
[o A IN A Ee een 51,792 86,570 47,244 81,506 
Oklahoma 18,799 23, 650 18,177 23,701 
G ‚/‚/ͤ;æ mn pen ete y es clea 11,662 18,897 13,439 20,948 
Pennsylvania... 66,992 117,726 166,119 120,187 
Rhode Island W 1,417 W W 
South Carolina LLL ccoo 8,846 13,506 9,710 114,734 
South Dakota SS: s ) s 2,092 10,839 1,979 13,875 
ennessee. 8 33,265 46,192 35,374 50,013 
¿> ` EENEG r 46,632 r 64,886 45,557 64,422 
e e . . T 2, 582 4,434 1,650 4,320 
Vermont- ee 2,151 19,810 1,514 19,088 
Virginia- ake ! 33,461 58,713 35,415 60,477 
Washington 15,742 21, 069 13,701 19, 100 
West Virginia 1____ ooo 9,031 15,801 9,740 16,722 
Wisconsin. ee 18,954 27,571 17,577 25,167 
Wvoming ꝛmꝛ 1,584 3,012 1,266 2,758 
Undistributed ee 1,331 1,260 2,906 16,850 
!!! r 862,889 r 1,424,594 874,512 1,474,917 
Pacific Island Dosaesaiong LL LL. lcs -- 717 1,552 678 1,375 
Panama Canal Zonen 74 231 85 265 
Puerto Bien o o 6,985 13,550 7,296 13,947 
Virgin Islands... o ooo 411 1,682 514 2,226 


r Revised. W Withheld to avoid disclosing individual company confidential data; included with 
“Undistributed.” . ; 

1 To avoid disclosing individual company data, certain State totals are incomplete, the portion not included 
has been combined with “Undistributed.” The class of stone omitted from such State totals is noted in the 
summary chapter of this volume. i 

2 Data may not add to totals shown because of independent rounding. 
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Table 4.—Dimension stone shipped or used by producers in the United States, 


STONE 


by use and kind of stone 
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(Thousands) 
1969 1970 
Kind of stone and use 
Short Cubic Value Short Cubic Value 
tons feet tons feet 
GRANITE 
Rough: 
Architectural. _.__._.__.___...._- 28 326 $965 43 497 $1,255 
Construction 111 130 1,403 1,282 55 692 535 
Monumental...................-. 201 2,155 12,333 200 2,386 17,160 
Uses not specified 22222 4 50 2 3 25 17 
Dressed: 
NG ot nao ts 55 607 11,146 54 630 10,109 
Sawed ..... LL 222222222222 4 47 602 7 87 875 
House stone venee r 5 57 138 7 74 602 
Construet ion 14 170 1,101 19 234 1,774 
Monumental....................- 56 650 11,429 25 298 7,817 
¡AN AA A 190 1,973 5,666 159 1,870 5,762 
Flagginn ggg (4) 4 11 W W W 
Paving blocks 6 67 161 W W W 
Other dressed stone ss... „ 5 55 111 
// alla 692 7,510 44,858 577 6,847 45,517 
LIMESTONE AND DOLOMITE 
Rough: 
Architectural Ba yl ates edad Nas A 224 2,643 4,262 161 2,081 3,402 
Construction 81 1,035 1,039 67 830 714 
Flagging EEN 18 233 239 18 225 150 
5 Other rough A 6 77 39 
r 
Cut EMI ee e 67 872 6,085 76 996 5,897 
e EENEG 64 813 2,734 47 611 2,194 
House stone venee r 78 1,003 2,409 68 871 2,048 
Construction 33. 13 166 435 13 154 458 
Flagging... -20a aaaaaMnMMMiMiMiMM 3 87 54 1 18 30 
Other uses not listed 26 304 W 27 335 W 
esl!!! 574 7,106 17,256 482 6,197 14,926 
MARBLE 
Ro 
Architeetural ooo. 8 93 390 10 111 456 
onstruction . W W W W W W 
Other rough stone . 10 123 93 3 33 T2 
Dressed: 
(UL C as de 24 280 7,331 23 274 7,659 
Sa well 8 100 1,407 8 92 1,485 
House stone venee rr 
Construction 10 20 233 3,468 20 237 3,381 
Monumental... 
TOA a a do one r 71 r829 r12,689 63 746 13,053 
SANDSTONE, QUARTZ, AND QUARTZITE 
Rough: 
Architectural... .........-......- 29 389 521 43 562 673 
Construction 1... oo o. 92 1,238 1,340 83 1,132 1,178 
Flagging Uu o o ooo o. 20 20 W 18 223 W 
Dressed: 
f, ⅛ͤ—ů0v y shekus 77 1,055 3,831 58 764 3,873 
Sawed lll loco o NE 64 824 2,664 56 732 2,161 
Flagging me 28 343 1,054 30 372 1,067 
Other uses not listed or unspecified. _ _ -.. 2 32 1,569 4 52 1,706 
P a la sxs 311 4,088 10,979 291 3,837 10,658 
SLATE 
Roofing slate 11111... I8. sersa? 1,698 22 1,842 
Millstock: 
Structural and sanitary... ........ 18 — 2222- 2,734 18 sia 3,137 
Blackboards, ete. i. . 866 „ rn ae 652 
Totál- 12-2 ⁵ eles 21 unen: 3,600 20. ` A 8,789 
33 ĩ ¾ aA la ta oo 40 Eng 1,235 39 iS 1,160 
Other uses not listed or unspecified. . _ _ _ _ 64. Sees 2,679 18 — 22x 1,897 
r 6142 . .....- 9,212 99 = .....- 8,688 


See footnotes at end of table. 
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Table 4.—Dimension stone shipped or used by producers in the United States, 
by use and kind of stone—Continued 


(Thousands) 
1969 1970 
Kind of stone and use —— —— — ry A [Ñ 
Short Cubic Value Short Cubic Value 
tons feet tons feet 
OTHER STONE 16 
Rough: 
Architectural... ................. 9 111 $86 W W $30 
Construction 1. 89 469 484 27 887 865 
Other rough stone 77 1 T 21 W W W 
e| DEE 2 22 W 1 24 
House stone venee rr 1 r 11 24 W W W 
Construction ii 5 62 W 5 76 W 
Wis@@ing AAA 8 86 141 W W W 
!!!! . ul eee Se 65 767 2,682 43 548 2,044 
TOTAL STONE 
Rough: 
Architectural... ...............-- 800 r 8,569 6,257 259 8,287 5,889 
Construction !__.......-..--.----- r 850 r 4,257 r 4,261 239 8,086 2,908 
Monumental................-...- 201 2,158 12,343 200 2,891 17,178 
CONS A O 87 419 886 34 42 
Other rough stone 1 13 158 133 10 128 100 
Dressed: 
Cüt o ori ia cera ti ulus 225 2,845 29,122 212 2,685 27,661 
SO WOO EE 118 1,515 ,822 1,16 : 
House stone venee rr 118 1,476 4,510 111 1,401 4,411 
Construction-—ʒꝛ 30 371 1,383 36 446 2,081 
Roofing (slate) 4@___........___--- 16 -..... 1,698 22ͤĩ˙ 1,842 
Millstock (slate -------- 21. xz 8,600 20 . i235 8,789 
Monumentaalllnnnnnn 64 789 13,348 82 878 9,302 
Curbing... 191 1,996 5,741 161 1,886 5,822 
Flagging..................-....- 81 494 2,539 81 516 2,522 
Miscellaneous uses n)) 103 458 5, 904 58 506 4, 857 
Total card r 1,867 720,455  :98,547 1,565 18,299 95,157 


r Revised. W Withheld to avoid disclosing individual company confidential data. 

1 Includes irregularly shaped stone and rubble. 

2 Includes minor amount of flagging and other rough stone. 

3 Includes other uses not listed, 

4 Less than 1⁄4 unit. 

5 Includes figures where symbol W appears to avoid disclosing individual company confidential data. 

6 Data may not add to totals shown because of independent rounding. 
: 9 2759 ace small amounts of monumental and other rough stone; only small amount of monumental 
inclu n ; 

s To avoid disclosing confidential data, figure shown includes value data for “Other uses not listed.” 

? Includes minor amount of flagging for 1969; also, construction stone for both years to avoid disclosing 
individual company confidential data. 

19 Data combined to avoid disclosing confidential data; also includes flagging and other uses not listed. 

11 Quantity data includes small amounts of other rough stone and monumental (1970); also, value figures 
withheld to avoid disclosing confidential data and included with other uses not listed or unspecified. 

1? Includes dressed stone used for house stone veneer and construction. 

13 Includes stone for curbing. 

14 Includes minor amount of slate used for house stone veneer. 

1$ Includes slate for electrical purposes and billiard table tops. 

16 Produced by the following States in 1970 in order of value of output and with number of quarries: Virginia 
(2); Maryland (3); New Jersey (1); Pennsylvania (4); Hawaii (2); California (7); West Virginia (1); Oregon (2); 

ew Mexico (1); and Washington (4). 

17 Includes minor amount of rough stone used for flagging. | 

1$ Includes sawed stone. 

19 Includes stone used for structural and sanitary purposes. 
e (e avoid disclosing individual company confidential data, figures indicated by symbol “W” are included 

tota e 
22 Includes 1969 data for unspecified uses of rough stone. 

22 Data includes stone used for paving blocks; structural and sanitary purposes (excluding slate); and other 
uses not listed or unspecified. 
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Table 5.—Granite (dimension stone) shipped or used by producers in the United States 
in 1970, by States 


Active Short Value Active Short Value 

State quarries tons (thou- State quarries tons (thou- 

sands) sands) 
California. ........... 9 4,890 $516 South Carolina....... 5 11,604 W 
Connecticut. ......... 4 W 71 South Dakota 7 63,167 $10,409 
eorgia__ _- 26 137,961 5,267 Wisconsin 15 7,385 2,057 
New York...........- 4 18,771 776 Other States i 67 320,297 24,881 
Oklahoma. aK 8 8,949 1,014 — 
Oregon 2 295 W Total 22 148 576,519 45,517 
Rhode Island 1 3,200 528 Puerto Rico 8 16,200 49 


W Withheld to avoid disclosing individual company confidential data; included with “Other States.” 

1 Includes quarries in Colorado (3), Maine (2), Massachusetts (7), Minnesota (16), Missouri (1), New Hamp- 
shire (2), New Mexico (4), North Carolina (16), Pennsylvania (4), Texas (3), Vermont (7), and Washington (2). 

2 Data may not add to totals shown because of independent rounding. 


Table 6.—Limestone and dolomite (dimension stone) shipped or used by producers 
in the United States in 1970, by States 


Active Short Value Active Short Value 

State quarries! tons (thou- State quarries! tons (thou- 

sands) sands) 
California 3 27,067 W New York..........- 1 500 W 
Illinois 4 12, 541 $126 Ohio -------- 8 11,609 $142 
Indiana 81 273,394 9,433 Oklahoma..........- 8 1,550 23 
IOWA AA 8 11,405 W Wisconsin 39 67,119 1,263 
ansas.. 7 21,089 441 Other States 2 18 37,797 1,932 
Michigan 3 W 37 — — — — 
Minnesota 5 14,899 1,483 Total. 129 482,363 14, 926 
Missouri. 3 3,473 43 Puerto Rico 11 101,200 292 

Nebraska 1 420 3 


W Withheld to avoid disclosing individual company confidential data; included with Other States.” 

1 Count may be duplicated for quarries that produce more than one-third of stone. 

Perder TOU in Alabama (1), Colorado (2), Florida (1), Rhode Island (1), South Dakota (1), Texas(5), 
and Virginia (2). 


Table 7.—Sandstone, quartz, and quartzite, (dimension stone) shipped or used 
by producers in the United States in 1970, by States 


Active Short Value Active Short Value 

State quarries! tons (thou- State quarries! tons (thou- 

sands) sands) 
Arizona. 44 11,406 $186 Ohio 17 77,904 33,476 
Arkansas 4 6,293 129 Pennsylvania 26 54, 926 1,255 
Colorado 49 11,094 221 South Dakota 8 65 2 
Connecticut 3 4,280 62 Tennessee ` 4 7,041 285 
Indiana... 6 6,314 154 Uta 4 2,953 104 
Maryland............ 5 18,860 329 Virginia 8 2,449 w 
Michigan 1 1,000 10 Other States 2 45 40,850 2,456 
Missouri. 2 1,340 W — — - —aͤ4VPU!ᷣ᷑: . — 
New Lor 11 43,041 1,963 Total 234 291,066 10,658 

North Carolina 2 1,250 26 


W Withheld to avoid disclosing individual company confidential data; included with “Other States.” 

1 Count may be duplicated for quarries that produce more than one-third of stone. 

2 Includes quarries in California (5), Georgia (3), Kansas (1), Massachusetts (2), Minnesota (1), Montana 
(2), New Jersey (1), New Mexico (8), Texas (1), Washington (2), West Virginia (1), and Wisconsin (18). 
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Table 8.—Crushed and broken stone shipped or used by producers in the United States, 
by kind of stone and use 


(Thousand short tons and thousand dollars) 


1969 1970 
Kind of stone and use Ao—€—  —— —_ @ o 
Quantity Value Quantity Value 
CALCAREOUS MARL! 
Agricultural purposes M2zʒ· LLL cL Lc LLL Lc ecl l2. 141 $124 178 $181 
Surface treatment aggregate s 8 2 2 
Cement manufacture dd 2, 346 2,391 1,558 1,372 
OE OUR EE 2,490 2,516 1,739 1.554 
GRANITE 
Agricultural purposes zzz 68 486 W 875 
Concrete aggregate (coarse )) 12, 953 19,273 16,127 24,465 
Bituminous aggregatekekkk.. s.c lll22l- 6,847 11,375 11,945 20,826 
Macadam aggregate ss 2, 208 3,680 2,820 4,207 
Dense-graded road-base stone 84,428 54,429 28,162 46,072 
Surface treatment aggregate s 4,124 6,605 4,477 7,172 
Unspecified construction aggregate and roadstone 6,531 8,016 12,609 19,569 
Riprap and jettvstone ee 2,587 4,609 2,275 4,621 
Railroad ballast 2 2L ccc ccc ~~~ ~~ eee 3,532 4,960 4,513 6,356 
Filter EEN 108 206 W W 
Manufactured fine aggregate (stone sand)... __ 6 668 6 794 W W 
bac uses and produets_____ 2 2L ccc ccc LL c LLL LLL L2. 250 NW ús 
¡A SSS ene te eel one eee 136 123 
rr 7 754 71,492 83,205 84,131 
Uses not listed or unspecifirUu „ 
Total 44. ARA !! 8 75, 189 116,102 86,133 137,795 
LIMESTONE AND DOLOMITE 
Agricultural purposes cL cs cc eee 35,011 62,805 37,945 70,483 
Concrete aggregate (coarse )))) 89,501 139,685 95,879 154,730 
Bituminous aggregate 2.22 -- LL c 2l222l2l2l2222-2- 46,429 70,285 42,312 70,082 
Macadam ag A WEE 23,422 34,730 24,573 37,390 
Dense-graded road-base stone 142,271 188,966 124,897 171,019 
Surface treatment aggregates- ------------------------ 88,808 55,884 85,567 52,550 
Unspecified construction aggregate and roadstone ........ 53,641 78,680 57,694 89,118 
Riprap and jetty stone „„ 11,639 15,091 11,560 14,277 
Railroad ba lla ,1 ; 6,387 8,588 
Filter n ð 686 1,882 747 1,636 
Manufactured fine aggregate (stone sand) 2,815 4,758 8,116 5,100 
Terrazzo and exposed aggregate 164 984 82 767 
Cement manufacture 97,632 108,992 95,946 104,928 
Lime manufacture 29,565 53, 248 25, 989 47,440 
Dead-burned dolomite. _--_-.-.----------------------- 2,935 4,626 1,990 3,262 
Ferrosilicon...... oe eee eee eee 148 02 714 1,082 
E A EEN 30,360 45,673 29,462 45,262 
HHC EE 1,028 ; 
hemical stone for alkali works 3,273 5,641 4,215 7,538 
Special uses and products 3,373 21,539 8,575 21,636 
// E 8 14, 102 r 2,955 8,706 e 
IPC REES 92 8,133 1,156 3,823 
Other uses 10. courses r 2,297 r 5,884 8,541 19,284 
Uses not listed or unspecified. _..___.._...__.__--..---- 2,707 6,276 8,886 12,406 
Totalt cuc dd ] A 628,362 919, 923 625,313 946,087 
MARBLE 
Agricultural purposes -.-------------------------- W W 72 247 
Concrete aggregate (coarse)... ))) 
Dense-graded road-base stonue nnd 
Surface treatment aggregates. __----------------------- 
Unspecified construction aggregate and roadstone ........ 1 798 1 5,209 11 446 1 2,418 
Riprap and jetty stone... „ 
Filter stone AI ð2i 
Manufactured fine aggregate (stone sand)... ...........- 
Terrazzo and exp aggregate 157 2,436 
Cement manufacture W Wl ee ------ 
Special uses and products 22.222 c ccc ooo 51,878 515,678 966 14,564 
Other uses 12 64 12 679 13 53 13 803 
Uses not listed or unspecified. ........... 2... 2... .-- 36 434 27 213 
TOA du lea 7ĩꝛ 1m 2,271 22,000 41,722 20,681 
SANDSTONE, QUARTZ, AND QUARTZITE 14 
Concrete aggregate (coarse )) 2,818 4,689 2,709 4,313 
Bituminous aggregate 2,536 5,109 2,282 4,886 
Macadam aggregaten -22ans 358 530 429 578 
Dense-graded road-base stone 8,703 12,722 8,082 12,902 


See footnotes at end of table. 
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Table 8.—Crushed and broken stone shipped or used by producers in the United States, 
by kind of stone and use—Continued 


(Thousand short tons and thousand dollars) 


1969 
Kind of stone and use 
Quantity Value Quantity Value 
SANDSTONE, QUARTZ, AND QUARTZITE !*—Continued 
Surface treatment aggregates... s 711 $1,279 510 $1,110 
Unspecified construction aggregate and roadstone........ 3,006 5,716 2,871 ,123 
Riprap and jetty stone 2,543 4,730 2,008 4,039 
Railroad ballast e 1,232 1,885 608 893 
F A 8 98 28 80 
Manufactured fine aggregate (stone sand: 250 509 293 456 
Terrazzo and exposed aggregate 71 1,240 75 1,370 
Cement manufacture F 994 1.244 698 1.053 
Ferrosilicon iv 254 1,172 337 1,473 
NL IEA A AR IA m ssh TOS 896 3,574 870 3,370 
Refractory__.._....._..-.-_.--_.-__------.---_--------- 718 4,587 255 2,508 
Special uses and products zz.... 68 445 50 303 
Other uses 10 ee 1,849 3,365 1,662 4,075 
Uses not listed or unspecified. _____.._...._.-_._-_----- 102 399 
Tot! ole Y ees 27,145 53,293 23,768 48,526 
SHELL l 

Concrete aggregate (coarseꝛꝛ -2-a 17 7,089 17 8,916 3,962 4,903 
Dense-graded road-base stone 5,325 7,506 5,277 6,983 
Other roadstone iii)) ^ 2222-22 ^^ eee 1,948 3,507 
Cement manufacture 5,169 7,146 4,343 6,060 

Lime manufacture 192,149 19 4,365 W 
Other uses not listed W 20 6,188 20 9, 583 
Total 4 s. eit i sese dt e aoaaa 19,731 21,933 21,713 31,035 

TRAPROCK 
Concrete aggregate (coarse ) 8,343 18,332 9,702 20,894 
Bituminous aggregate 10,999 21,622 12,047 25,059 
Macadam aggregat es eR 2,366 4,087 2,982 5,241 
Dense-graded road-base stone 18,190 31,576 14,467 22,588 
Surface treatment aggregate 8,488 12,226 9,042 13,314 
Unspecified construction aggregate and roadstone......... 20,701 38,323 20,305 42,112 
Riprap and jetty stone 2,603 5,071 1,983 3,704 
Railroad ballast -2-22-2200 1,350 2,119 1,496 2,430 
Filter stone 104 195 W W 
Manufactured fine aggregate (stone aandi. ------------ 91 313 162 W 
Special uses and products 9__ 2 ooo 133 312 w WwW 
RA EES 21 5,534 213,321 1,941 1,651 
Other ld ᷑ĩ⅛;Eu᷑ 4, 862 22 3,089 22 9, 399 
a nouns i cae e pL HERE 78,901 142,360 77,217 146,891 
OTHER STONE 
Concrete aggregate (coarse)_______________-_-___---_--- 787 1,478 869 1,498 
Bituminous aggregates- -----------2-2-------------- 2,770 4,813 2,453 4,797 
Macadam aggregate kt 215 309 145 226 
Dense-graded road-base stone 6,281 7,566 7,161 8,383 
Surface treatment aggre gates 469 56 1,301 1,761 
Unspecified construction aggregate and roadstone......... 23 7,083 23 9, 856 4,06 5,082 
Riprap and jetty stone 3,962 5,721 14,338 16,653 
Railroad ballast. ooo 24 1, 654 24 1, 270 2,027 1.968 
Special uses and products 2 411 25 839 65 65 
Ecco een M ey 1,659 W 1,107 1,120 
Other uses e LLL LL LLL LLL LLL LLL LS 222222 52 4,881 670 1,331 
Uses not listed or unspecifie ---------------------- W 181 
Total ti 25,766 37,301 34,201 43,013 
TOTAL STONE 

Agricultural purposes ss 35,881 67,066 38,985 74,786 
Concrete aggregate (coarseꝛꝛꝛꝛꝛ 120,805 191,872 129,532 211,411 
Bituminous aggregate 69,580 113,205 71,554 126,013 
Macadam aggreggten s 28,570 43,337 31,085 47,674 
Dense-graded road-base stone__________________----_--- 215,258 302,861 188,094 268,017 
Surface treatment aggregatee s 52,692 76,692 50,938 75,971 
Unspecified construction aggregate and roadstone........ 90,949 140,539 98,802 163,565 
Riprap and jetty stone 23,334 35,222 32,178 43,317 
Railroad ballass ee 13, 841 18,091 15,032 20,229 
Filter stone 975 1,926 838 1,828 
Manufactured fine aggregate (stone sand) -------------- 3,899 6,684 4,081 8,298 
Terrazzo and exposed aggregate 555 6,219 317 4,583 
Cement manufacture... ooo 106,186 119,870 102,573 113,485 
Lime manufacture 31,591 55,571 27,580 49,657 
Dead-burned dolomite___________________-___--------- 2,995 5,016 2,050 3,652 


See footnotes at end of table. 
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Table 8.—Crushed and broken stone shipped or used by producers in the United States, 
by kind of stone and use—Continued 
(Thousand short tons and thousand dollars) 


1969 1970 
Kind of stone and use x_AAMIUIEROA a Y —T  - — 
Quantity Value Quantity Value 
TOTAL STONE—Continued 
LE ln E 342 $984 991 $2,115 
FIS ANA pL ͤ ͤ A 31,257 49,247 80,332 48,632 
FIC c atu ³³ ⁰m ⁊ᷣ ꝛ 1,136 5,615 629 3,526 
Chemical stone for alkali work 3,273 5,641 4,215 7,533 
SE uses and products ?. -------------------------- 5,032 87,560 4,816 86,968 
!!; Ee r 9,838 r 7,078 6,820 5,587 
/%!!;öõͤõõ ð ü ³ĩ "MÀ 1,318 4, 565 1,688 5,533 
Other used?! Fao sica ds aioz r 6, 706 r 21,569 16,895 87,041 
Uses not listed or unspeci fie 5,018 9,617 12,925 20,342 
Totali EE 861,021 1,326,047 872,947 1,879,761 
Revised W Withheld to avoid disclosing individual company confidential data. 


r 

1 Produced by the following States in 1970, in order of tonnage: South Carolina, Virginia, Texas, Mississippi, 
Michigan, Indiana, Minnesota, and Nevada. 

2 Includes marl used in agricultural limestone, other soil eonditioners and nutrients, and a small amount of 
marl used in mineral fillers or extenders. 

3 Data includes small amount of fill and minor amounts of other uses not listed. 

4 Data may not add to totals shown because of independent rounding. 

; 3 agricultural limestone, agricultural marl and other soil conditioners, and poultry grit and m'ueral 
ood. 

$ Data include terrazzo and exposed aggregates. 

7 To avoid disclosing confidential data, includes quantity data for uses not listed or unspecified and value 
data for e ped: uses and products. 

8 Includes stone used in terrazzo, cement, drain fields, roofing aggregate and minor amounts of other uses 
not listed, and any data represented by the symbol W in granite. 

9 Includes stone used for asphalt filler, other fillers, or extenders, and other uses in smaller quantities. 

10 Data includes some stone used for roofing aggregates, dam construction, chemicals, sugar refining, and 
other uses in smaller quantities. 
` 11 Data combined to avoid disclosing confidential data. 

12 Data include cement. 

13 Data include some stone used for roofing aggregates and other uses in smaller quantities. 

14 Includes ground sandstone, quartz, and quartzite. 

15 Includes small amount of dead-burned dolomite. 

16 Includes stone used for agricultural purposes, dam construction, roofing aggregates, fill, glass, and other 
uses in smaller quantities, and any data represented by the symbol W in sandstone, quartz, and quartzite. 

17 Includes asphalt filler and uses not specified. 

18 Includes bituminous, macadam, surface treatment, and unspecified aggregate and roadstone, and a smaller 
amount of riprap and jetty stone. 

19 Includes agricultural purposes. 

20 Includes stone used for agricultural purposes, asphalt fill and other uses not listed and unspecified; also, 
any data represented by the symbol W included in shell. 

Í 21 15 avoid disclosing confidential data, figure includes data for uses not listed; also includes quantity data 
or other uses. 

22 Includes stone used for agricultural purposes, drain fields, roofing aggregates, and other uses in smaller 
quantities. To avoid disclosing confidential data, figure includes filter stone, special uses and products, uses 
not listed, and the value data of manufactured fine aggregate. 

23 Includes cement and a small amount of flux stone. 

24 Includes filter stone, manufactured fine aggregate, and a small amount of terrazzo and exposed aggregate. 

25 Includes agricultural limestone and uses not listed or unspecified. 

26 Includes stone used for agricultural purposes, cement, roofing aggregates, other uses in smaller quantities, 
and, to avoid disclosing confidential data, quantity data for uses not listed or unspecified. To avoid disclosing 
confidential data, 1969 value figure includes value data for fill. i 

27 Data includes roofing aggregates, dam construction, expanded slate, and other uses in smaller quantities. 


Table 9.—Number and production of crushed-stone quarries in the United States, 
by size of operation 


1969 1970 
Annual production Number Production Number Production 

(short tons) of — 1 o7ͤ— k ͤ c'.-—:q 0 — 

quarries Thousand Percent quarries Thousand Percent 

short tons of total short tons of total 
Less than 25, 00h 1,753 15,854 1.8 1,656 14,840 1.7 
25,000 to 49,9999 606 22,397 2.6 538 19,205 2.2 
50,000 to 74, 999999 334 20,611 2.4 352 21,824 2.5 
75,000 to 99,9999 265 22,639 2.6 267 22,697 2.6 
100,000 to 199,999 636 89,828 10.4 614 87,295 10.0 
200,000 to 299,999 267 65,641 7.6 278 68,090 7.8 
300,000 to 200.9000. o. 239 82,661 9.6 224 76,819 8.8 
400,000 to 499,999 168 78,236 8.5 159 71,582 8.2 
500,000 to 599,999 84 45,517 5.3 102 55,869 6.4 
600,000 to 699,999____________________ 78 50,639 5.9 71 46,266 5.3 
700,000 to 799,999 74 55, 109 6.4 59 43,647 5.0 
800,000 to 899,999 40 33,709 - 8.9 49 41,901 4.8 
900,000 and over 172 284,182 33.0 181 302,913 34.7 
c e o en 4,711 861,021 100.0 4,550 872,947 100.0 


1 Data may not add to totals shown because of independent rounding. 
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Table 10.—Crushed stone shipped or used in the United States, 


by methods of transportation 
1969 


Method of transportation 


Thousand 


Percent 
of total 


Thousand 
short tons 


1053 


Percent 
of total 


short tons 


1861,021 


72 
11 


100 


639,260 
89,646 
79,572 
27,341 
37,128 


872,947 


78 
11 


100 


1 Data may not add to total shown because of independent rounding. 


Table 11.—Granite (crushed and broken stone) shipped or used by producers in the 
United States in 1970, by States 


(Thousand short tons and thousand dollars) 


State Quantity 
Arkansas.......-. 22222222222 3,957 
California 4, 526 
Colorado 103 

r AA 21,013 
Idaho. o 2,75 
Maryland................-.- 584 
Minnesota ---------- 491 
Montana. 
Nevada 302 
New Jerse yy 2,852 


New Mexico 


Value State 


$5,274 North Carolina 
7,630 South Carolina 
164. een!!! 


Wisconsin 
Wyoming 


240 Total 2222 
dr. Puerto Rio 


Value 


$39,741 
10,914 


16,119 
137,795 
542 


W Withheld to avoid disclosing individual company confidential data; included with “Other States.” 


1 Includes 


New York, Pennsylvania, Texas, and Vermont. 
2 Data may not add to totals shown because of independent rounding. 


Alaska, Arizona, Connecticut, Maine, Massachusetts, Michigan, Missouri, New Hampshire, 


Table 12.—Traprock (crushed and broken stone) shipped or used by producers in 
the United States in 1970, by States 


(Thousand short tons and thousand dollars) 


State Quantity 
RT EE 83 
Arizong 418 
California 2,216 
Connecticut... o ooo... 7,40 
11111 ³˙ AA 4,752 
Idaho.....................-- 516 
Maryland..................-. 5,260 
Massachusetts 4,872 
Michigan 10 
Minnesota__._. ---------—- 62 
New Jersey 0000002. 12,064 
New Mexico 351 
North Carolina 1,708 


Value State 
$253 Oregon 
W 


Pennsylvania 


2,998 South Dakota 
19,678. er ius 


782 Wisconain ---------—- 


Value 


$18,786 


10,890 
146,391 
W 


265 
2,226 


W Withheld to avoid disclosing individual company confidential data; included with “Other States.” 


1 Includes Colorado, Illinois, Maine, 


Missouri, 


ontana, New Hampshire, New York, and Texas. 


2 Data may not add to totals shown because of independent rounding. 
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Table 14.—Shell shipped or used by Table 15.—Calcareous marl shipped or 
producers in the United States in 1970, used by producers in the United States 
by States in 1970, by States 
(Thousand short tons and thousand dollars) (Thousand short tons and thousand dollars) 
State Quantity Value State Quantity Value 
Florida. ...............-.-- 2,339 $4,223 Indiana...................- 23 $23 
Louisiana.................- 9,059 11.660 Michigan 144 141 
Washingtoůn 58 15 Minnesota. - --------------- W 9 
Other States 11 10, 258 15,138 Other States 11. 1,572 1,380 
Total 2222 21,713 31,035 Total. o eee 1,739 1,554 
1 Includes Alabama, California, Maryland, North 1 Includes Mississippi, Nevada, South Carolina, 
Carolina, Pennsylvania, Texas, and Virginia. Texas, and Virginia. 
2 Data may not add to totals shown because of 2 Data may not add to totals shown because of in- 
independent rounding. dependent rounding. 


Table 16.—Sandstone, quartz, and quartzite (crushed and broken stone) shipped or 
used by producers in the United States in 1970, by States 
. (Thousand short tons and thousand dollars) 


State Quantity Value State Quantity Value 
Arizona. W W Pennsylvania 4,404 $8,865 
Arkan sass 4,920 $6,747 South Dakota..............- 844 1,804 
California 3,883 8,090 Texas 2,166 8,588 
Colorado. ................--.- 175 420 Utah- ³e 182 804 
Ane ee 1 3 Virginia...................- 927 1,621 
Kan sass 457 W Washington 229 1,527 
Kentuceky.................-- 50 W West Virginia 600 1,406 
Montana..............-..-.- 810 512 Other States 112 3,405 10,379 
EE Seege 1,035 2,350 — 
Oregoh.:.---22-25 225-2 555 182 416 Totál? 8 23,768 48,526 


W Withheld to avoid disclosing individual company confidential data; included with “Other States.” 

1 Includes Alabama, Arizona, Connecticut, Georgia, Idaho, Indiana, Maryland, Minnesota, Missouri 
Nevada, New Hampshire, New Mexico, New York, North Carolina, Oklahoma, Tennessee, Wisconsin, an 

yoming. 

2 Data may not add to totals shown because of independent rounding. 


Table 17.—Miscellaneous varieties of stone (crushed and broken) shipped or used 
by producers in the United States in 1970, by States 
(Thousand short tons and thousand dollars) 


State Quantity Value State Quantity Value 
Alaska 2,453 W Rhode Island. .............. 881 $599 
Arizona. .........-..--...-..- 218 $321 South Dakota 20 50 
California 17,896 20,059 Utah....................-.. 180 439 
Colorado 562 758 Washington 82 w 
(GEN BEER 380 631 West Virginia..............- W 27 

VCC 131 101 Wyoming 805 
Massachusetts 1,415 2,714 Other States 11122 6,011 10,587 
New Mexico 994 1,501 
O OMG 8 1,298 1,045 Total?) al 34,201 43,013 
Pennsylvania 2, 134 3,881 Puerto Rico 1,272 2,962 


W Withheld to avoid disclosing individual company confidential data; included with “Other States.” 

1 Includes Arkansas, Idaho, Louisiana, Maryland, Missouri, Montana, Nevada, New York, North Dakota, 
Oregon, Tennessee, Texas, Vermont, and Virginia. 

2 Data may not add to totals shown because of independent rounding. 


Table 18.—U.S. exports of stone 
(Thousand short tons and thousand dollars) 


Building and Crushed, ground, or broken Other 

monumental stone manu- 

Year ee  [actures 

Dolomite Other Limestone Other of stone 

——————————— (value) e — (value) 

Quantity Value Quantity Value Quantity Value 

1968...........- 102 $1,518 $849 1,297 $3,294 292 $3,278 81.030 
19699. ui 98 1,809 863 1,882 3,189 284 3,569 793 


1970_______ 77 1.454 877 1.755 3.459 388 3,288 1,318 
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Table 19.—U.S. imports for consumption of stone and whiting, by classes 


1969 1970 
Class  _—.___ O _—— a ——ẽ—ö— ä . — Zů— 
Quantity Value Quantity Value 
(thousands) (thousands) 
Granite: 
Monumental, paving and building stone: 
ET EE cubic feet.. 178, 442 $1,095 189 ,198 $1,147 
Dressed, manufactured do.... 366,224 4,025 442,794 6,807 
Not manufactured and not suitable for monumental, 
paving or building stone short tons 755 25 656 13 
Other n gp ip u ͥõͥ⁰ ⁰yꝙaym mts y Lee N 141 
Jͤ§ÜÜ⁰¹iA.]üͥͥͥ 6·¹Üi ð⅛² m - ee ees 5,222 ii das 8,108 
Marble, breccia, and onyx: 
In block, rough or squared- ------------- cubic feet. . 38,638 333 37,465 389 
Sawed or dressed over 2 inches thick.......... do. 3,416 38 15,560 129 
Slabs and paving tiles superficial feet 7,608, 162 6,878 7,328, 874 7,283 
All other manuíactures________ l... eee conoce. D.214. 222522554 5,532 
C ͥͥͥͥͥͥͥ5ͥ᷑ꝗẽi m d eL LL Se CLE 12,463  ......... 13,333 
Travertine stone: 
Rough, unmanufactured. ............... cubic feet. 30,003 83 12,582 56 
Dressed, suitable for monumental, paving and building 
err esL EC short tons 47,393 2,169 111,966 2,726 
A A A uD Z 8 Dl 225m 94 
Total eee: cuiua rr la cU ee 2,308 ........- 2,816 
Limestone: 
Monumental, paving, and building stone: 
Rough... ß ans cubic feet. 1,200 2 300 (1) 
Dressed, manufactured short tons 426 26 1,032 51 
Crude, not suitable for monumental, paving, or build- 
ing stone k short tons 19,752 72 19,250 78 
Other, n gp oca a oi ⁰yd 55 47 
M ³⁰ð¹1wqꝶ⸗ ds y 8 155- ˙ 22. 176 
Slate: 
RoGSfing gs SL. S2 S square feet. 15,520 5 5,109 4 
ö tea ⅛ v ⁰wk ⁰ ate 2,8760 32s. 3,092 
d Ke H EE 2881 3,096 
Gar eee eee ace ed short tons 30,294 392 137,529 739 
Stone and articles of stone, n.s.p.f.: 
Statuary and aculntureng --------- C 307 
Stone, upnmanufactured short tons 38,849 147 6,145 107 
Building stone, rough................... cubic feet. 3,867 8 3,799 5 
Building stone, dressed short tons.. 1,276 21 1,389 67 
A A A ß 88 11,4777 1,802 
r tt y 1909 2: 2,288 
Stone, chips, spalls, crushed or ground: 
Marble, breccia and onyx chips short tons 5,062 97 10,284 197 
Limestone, chips and spalls, crushed or ground 
short tons 1,720,936 3,254 1,649,484 2,943 
vlone chips and spalls and stone crushed or ground, 
öCôõ ˙Üwü ß A ed short tons 1,188,180 1,425 1,286,758 1,523 
Slate chips and spalls and slate crushed or ground 
short tons 22 (1) 54 4 
Total: jee ey eee Sus tease 2,914,200 4,776 2,946,580 4,667 
Whiting: 
Whiting, dry, ground, or bolted.......... short tons. . 11,683 281 13,623 325 
Chalk whiting, precipitated --------------- do.... 2,134 170 1,714 126 
CJ 22 cn eee os 13,817 451 15,337 451 
Grand total cc ...d 8 r 30, 54d‚d8s8ss— 35, 674 
r Revised. 


1 Less than 14 unit. 
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Sulfur and Pyrites 


By Roland W. Merwin * 


The U.S. production of native (Frasch) 
sulfur declined as a result of adverse mar- 
ket conditions and increased producers’ 
stocks. However, increases in output of 
other types of sulfur resulted in a slight 
increase in total production of sulfur in 
all forms. Exports of sulfur declined because 
of increased competition in foreign mar- 


kets. Total imports decreased. Imports from 
Mexico dropped sharply, but this was 
largely offset by imports of low-priced Can- 
adian sulfur. Apparent consumption of sul- 
fur in all forms decreased slightly. Sulfur 
prices continued to ease downward follow- 
ing the precipitous drop in 1969. 


Table 1.—Salient sulfur statistics 
(Thousand long tons, sulfur content) 


1966 1967 1968 1969 1970 
United States production: 
ativo n ⁵³˙Ü¹ꝛ ³Ü w ⁰ eS 7,002 7,014 7,460 7,146 7,082 
r e (yt é 9,155 9,136 9,739 9,540 9,549 
Exports, sulfur__________ a Ee 2,373 2,193 1,602 1,551 1,433 
Imports, pyrites and sulfur. ooo... 1,674 1,639 1,712 1,795 1,667 
Stocks Dec. 31: Producer, Frasch and recovered 
SUullUR: e c A a eee 2,704 1,954 2,790 3,461 4,038 
Consumption, apparent, all forms 111... 9,145 9,301 9,007 9,171 9,182 
World production: 
- Sulfur, elemental. ooo 16,442 r17,948 19,477 20,771 21,748 
Pyrites _ NNNM AA 8 9,627 r 9,989 9,591 9,452 10,210 
r Revised. 


1 Measured by quantity sold, plus imports, minus exports. 


DOMESTIC PRODUCTION 


Native Sulfur.—Native sulfur accounted 
for 74 percent of the domestic production 
of sulfur in all forms. All of it was pro- 
duced from Frasch mines in Texas and 
Louisiana. No sulfur ore production was 
reported during the year. 

In 1970, 19 Frasch mines produced sul- 
fur; five of these were closed during the 
year. The producers and mines in Louisi- 
ana were Freeport Sulphur Co. at Garden 
Island Bay, Grand Isle, Grande Ecaille, 
and Lake Pelto; Jefferson Lake Sulphur 
Co. at Lake Hermitage; Texas Gulf Sul- 
phur Co. at Bully Camp; Union Texas Pe- 
troleum at Sulpur (closed in February), 
and U.S. Oil of Louisiana, Ltd., at Chaca- 
houla (closed in March). The producers 
and mines in Texas were Atlantic Rich- 
field Co. at Fort Stockton; Duval Corp. at 
Fort Stockton (closed in April), Orchard 


Dome (closed in August), and Pecos; Jef- 
ferson Lake Sulphur Co. at Long Point 
Dome; Pan American Petroleum Corp. at 
High Island; and Texas Gulf Sulfur Co. 
at Boling Dome, Fannet Dome, Gulf 
(closed in December), Moss Bluff Dome, 
and Spindletop Dome. 

Production of domestic Frasch sulfur 
continued to decline during 1970, and was 
1 percent less than in 1969, and 5 percent 
lower than the alltime peak production in 
1968. This reflected producers’ efforts to 
overcome the current oversupply of this 
commodity. 

Approximately 70 percent of domestic 
Frasch sulfur production was for domestic 
consumption, and 20 percent was for ex- 


1 Mining engineer, Division of Nonmetallic 


Minerals. 
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port. The remaining 10 percent was ac- 
counted for by increases and adjustments 
in producers’ stocks. 

There was a tendency to concentrate 
production in the larger low-cost mines to 
counteract the adverse effects of low sulfur 
prices. Five of the smaller high-cost mines 
were closed during the year, but the net 
effect on production was small. Their pro- 
duction during 1970 amounted to only 
225,000 long tons, or 3 percent of the total 
for the year. For the final 12 months of 
their individual operations, they produced 
at the rate of 553,000 tons per year. The 
closures represented an apparent reduction 
in production potential of approximately 8 


MINERALS YEARBOOK, 1970 


percent, based on the 1969-70 average an- 
nual production rates for all mines. 

The 14 mines remaining in production 
at the end of 1970 increased their produc- 
tion over that of 1969 by 467,000 tons, or 
7 percent, with half of the mines showing 
increases in their production rates and the 
other half registering decreases. Of these, 
the five largest mines, with production 
rates in excess of 500,000 tons each per 
year, accounted for 66 percent of the total 
Frasch sulfur production for the year. 
Three medium-sized mines, with produc- 
tion rates of more than 300,000 tons each 
per year, contributed an additional 16 per- 
cent of the year's production. 


Table 2.—Production of sulfur and sulfur-containing raw materials by producers 
in the United States 
(Thousand long tons) 


1967 1968 1969 1970 
Gross Sulfur Gross Sulfur Gross Sulfur Gross Sulfur 
weight content weight content weight content weight content 
Native sulfur or sulfur ore: 
ch-process mines.. 7,014 7,014 7,458 7,458 7,146 7,146 7,082 7,082 
Other mines 1 (1) 3 ))) wu 
Totäl- -dss AAA dese 7,01 7,460 ....... 7,146 ....... 7,082 
Recovered elemental sulfur 1,270 1,268 1,359 1,354 1,422 1,414 1,457 1,449 
Byproduct sulfuric acid 
M asia 100 percent) pro- 
uced at Cu, Zn, sad. b 
FFC A 1.115 364 1.315 430 1,583 517 1,637 535 
Other 2222 1.018 489 1,035 495 971 463 1,010 483 
r!!! _ 9,136 ......- 9,739 ....... 9,540 ....... 9,549 


1 Less than 4 unit. 


? Pyrites combined with hydrogen sulfide and liquid sulfur dioxide to avoid disclosing individual company 


confidential data 


3 Data may not add to totals shown because of independent rounding. 


Table 3.—Sulfur produced and shipped from Frasch mines in the United States 


(Thousand long tons and thousand dollars) 


Y ear : 
Texas 
1 öÜöÜͤ/.§öÄ 8 2, 916 
196 a ⁵ ñ ² :.... 8 2, 956 
%%%... 8 3,203 
1969 AA ee eee TA 3,289 
J. 8? 3,446 


Production Shipments 

Louisiana Total! Quantity Value? 
4,085 7,001 7,721 $201,292 
4,059 7,014 7,682 251,670 
4,255 7,458 6,645 268,146 
3,857 7,146 6,551 176,659 
3,636 7,082 6,419 151,779 


1 Data may not add to totals shown because of independent rounding. 


2 F.o.b. mine/plant. 
Table 4.—Sulfur ore (10 to 70 percent S) 
produced and shipped in the 
United States 1 


(Long tons) 
Production Shipments 

Year Gross Sulfur Gross Sulfur Value 
weight content weight content (thou- 
sands) 
1966_____ 557 143 557 143 $5 
1967_____ 568 284 568 284 8 
1968..... 3,125 1,563 3,125 1,568 46 
1959. .. ue ⅛ð? 88 

1970 i1... 


1 California, Nevada, and Utah. 


Two organizations accounted for approx- 
imately 79 percent of the domestic Frasch 
sulfur production during 1970. Freeport 
Sulphur Co. with four mines, reported 
production of approximately 3.3 million 
long tons. 2 Texas Gulf Suphur Co. re- 
ported that its six Frasch mines produced 
more than 2.3 million long tons of 
sulfur. 3 One of the mines was closed dur- 
ing 1970. 

5 2 Freeport Sulphur Co. Annual Report, 1970, p. 


Texas Gulf Sulphur Co. Annual Report, 1970. 
Inner front cover. 


SULFUR, million long tons 
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Recovered sulfur (from sour 
and refinery gases) 
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Figure I. Domestic Frasch and recovered sulfur production, and imports for 
consumption and exports of native sulfur. 
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Six other organizations, with a total of 
nine mines, accounted for the remainder 
of «the domestic Frasch sulfur production. 
By the end of 1970, closures had reduced 
this to four producing companies with five 
mines. The 1970 output of these remaining 
five mines amounted to approximately 18 
percent of the total domestic Frasch pro- 
duction. 

Recovered Sulfur.—Production and ship- 
ments of recovered sulfur in 1970 reached 
alltime highs, with an increase of 2 per- 
cent and 4 percent, respectively, over those 
of 1969. Statistics on shipments of re- 
covered sulfur and value for 1970 are as 
follows: 


State Quantity Value 

(long tons) (thousands) 
Arkansas... _ 81,395 $819 
California 208 , 647 4,792 
Colorado —U 1, 63 17 
New Jersey 49, 178 1.359 
New Mexico 25,457 358 
Pennsylvania 17, 528 461 
> €i. EN 769,689 13,633 

Wyoming 44,31 78 
Other States 1j 315,397 8,500 
Total 22 1,463,244 30,725 


1 Combined to avoid disclosing individual company 


5 data; includes Delaware, Illinois, In- 
diana, Kansas, lana M Michigan, Minnesota, 
Mississippi, Montana, North Dakota, Ohio, Okla- 
homa; and Virginia. 

2 Data may not add to totals shown because of in- 
dependent rounding. 
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Elemental sulfur recovered from oil and 
gas operations accounted for 15 percent of 
the total domestic production of sulfur in 
all forms. 1t was produced at 99 plants in 
21 States. The 10 largest of these plants 
accounted for 43 percent of the total. 

The five largest producers of recovered 
sulfur were Cities Service Oil Co., Getty 
Oil Co., Pan American Petroleum Corp., 
Shell Oil Co., and Stauffer Chemical Co. 
Together, their 23 plants accounted for 43 
percent of recovered sulfur production. 

Shell Oil Co. announced plans to build 
a $10 million gas treatment and sulfur 
plant near Jackson, Miss. to produce ele- 
mental sulfur from a natural gas having a 
high hydrogen sulfide content. The rated 
capacity of the plant will be 1,250 long 
tons of sulfur per day. Upon expected 
completion of the plant in 1972, present 
domestic production of recovered sulfur 
will increase by approximately 30 percent.4 

Byproduct Sulfuric Acid.—The sulfur 
contained in byproduct sulfuric acid pro- 
duced at copper, lead and zinc roasters and 
smelters during 1970 amounted to 6 per- 
cent of the total domestic production of 
sulfur in all forms. It was produced at 18 
plants in 14 States. The five largest of 
these plants accounted for 58 percent of 


Table 5.—Recovered sulfur produced and shipped in the United States 


(Thousand long tons and thousand dollars) 


Production Shipments 
Year 
Gross Sulfur Gross Sulfur Value ! 
weight content weight content 
I))! ⁰ 1,244 1,240 1,265 1,261 $30,166 
!. é 1,270 1,268 1,286 1,284 40,984 
f ted 1,359 1,354 1,278 1,273 49,696 
h y s 1,422 1,414 1,408 1,400 41,037 
AAN IA AN 1,457 1,449 1,471 1,463 30,725 
1 F.o.b. plant. 
the acid production, and the combined Table 6.—Byproduct sulfuric acid 1 


production of five States amounted to 74 
percent of the total. 

The five largest producers of byproduct 
sulfuric acid were American Zinc Co., 
Kennecott Copper Corp., New Jersey Zinc 
Co., Phelps Dodge Corp., and St. Joseph 
Lead Co. Together, their nine plants ac- 
counted for 72 percent of the production 
during 1970. 

Copper smelters, with five acid plants, 
accounted for 41 percent of the produc- 
tion; the remaining 59 percent was pro- 
duced at 13 plants operated in conjunction 
with lead and zinc roasting and smelting 
operations. Overall production was 3 per- 


(100-percent basis) produced in the 
United States 


(Short tons) 
Year Copper Lead and zinc Total 
plants ? plants ? 
1969 —“˙s 469, 728 983,118 1, 452, 846 
360 C 348,497 900,170 1,248,667 
1988 483, 108 989,973 1,473,081 
Eesen 685,775 1,086,938 1,772,713 
1970.55 chest 747,784 1,086,207 1,833,991 


1 Includes acid from foreign materials, 

2 Includes acid produced at a lead smelter in 1966- 
68. Excludes acid made from pyrites concentrates in 
Arizona, Montana, Tennessee, and Utah. 

3 Excludes acid made from native sulfur. 


* Chemical Week. V. 
1970, p. 14. 


107, No. 


16, Oct. 14, 
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cent greater than in 1969. The value of 
the acid produced at the copper smelters 
was approximately $9.4 million, and at the 
lead and zinc operations was approxi- 
mately $14.3 million. 

Most nonferrous smelter operations an- 
nounced plans for increasing their produc- 
tion of sulfur to meet environmental 
requirements. In most cases this will be in 
the form of sulfuric acid, although some 
operators are considering the production of 
elemental sulfur. It was anticipated that 
the long-range increase in byproduct sulfur 
recovery would be substantial, as only ap- 
proximately 40 percent of the available 
sulfur is presently being recovered. 

Pyrites, Hydrogen Sulfide and Sulfur 
Dioxide.—The contained sulfur in these 


products accounted for 5 percent of the 
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total domestic production of sulfur in all 
forms during 1970. Output was 4 percent 
greater than in 1969, but slightly less than 
in 1967 and 1968. Pyrites was produced at 
six mines in five States; hydrogen sulfide 
at five plants in two States; and sulfur 
dioxide at two plants in two States. The 
value of these combined products was ap- 
proximately $12.2 million. 

The five largest producers of these prod- 
ucts were Bethlehem Mines Corp. (py- 
rites), Phillips Petroleum Co. (hydrogen 
sulfide), Shell Oil Co. (hydrogen sulfide), 
Standard Oil Co. of California (hydrogen 
sulfide), and Tennessee Copper Co. (py- 
rites and sulfur dioxide). Together, the 
three mines and five plants accounted for 
95 percent of the contained sulfur pro- 
duced in the form of these products. 


CONSUMPTION 


The apparent consumption of sulfur, in 
all forms, decreased slightly from that of 
1969, and was 2 percent less than the all- 
time peak consumption in 1967. This sta- 
ble level of consumption reflected a contin- 
ued weakness in the fertilizer trade. 

Approximately 87 percent of sulfur 
consumption was in the form of sulfuric 
acid. The manufacture of fertilizers ac- 
counted for approximately 50 percent of 
all sulfur consumptjon, and an additional 
25 percent was used by such industries as 
cellulosic fibers, pulp and paper, inorganic 


pigments, nonferrous ore leaching, and ex- 
plosives. The remaining 25 percent was 
used for a large number of relatively small 
individual end uses. 

Sulfur for domestic consumption was ob- 
tained mainly from domestic sources: 
Frasch, 55 percent; recovered, 16 percent; 
and combined byproduct sulfuric acid, pyri- 
tes, hydrogen sulfide, and sulfur dioxide, 
11 percent. The remaining 18 percent of 
the sulfur was obtained by substantial im- 
ports of Frasch and recovered sulfur, and 
by minor imports of pyrites. 


Table 7.—Apparent consumption of native sulfur in the United States 
(Thousand long tons) 


Apparent sales to consumerg. ll Ll... 
Fr Iu cu A 


Apparent copnsumption. ~~ ee 


r Revised. 


1966 1967 1968 1969 1970 
7,687 7,729 6, 649 6,551 6,419 
799 724 742 745 539 
8,486 8,453 7,391 7,296 6,958 
2,326 2,043 1,549 r 1,549 1,429 
4 150 53 r 2 4 
2,373 2,193 1,602 r1,551 1,433 
6,113 6,260 5,789 r5,745 5,525 
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Figure 2.—Sulfur supply sources as a percent of total apparent consumption based 
on sulfur content. 
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Table 8.—Apparent consumption of sulfur in all forms in the United States 1 
(Thousand long tons) 


E! Rd 
Le imports... V ————— 
Smelter acid. 222 2L LL Lll Ll LLL . L2lss22-2 
TEE 


r Revised. 
1 Crude sulfur or sulfur content. 


e Estimated. 


1966 1967 1968 1969 1970 
6,113 6,260 5,789 r 5, 745 5, 525 
1,258 1,287 1,332 1,400 1,463 

715 750 830 929 998 
160 165 140 120 130 
424 364 430 517 535 
475 475 486 460 481 
9,145 9,301 9,007 r 9,171 9,132 


2 Includes consumption of domestically produced pyrites and consumption of hydrogen sulfide and liquid 


sulfur dioxide. Figures for these categories have been combined to avoi 


fidential data. 


disclosing individual company con- 


STOCKS 


At yearend, producers’ stocks of Frasch 
sulfur totaled 3,952,961 long tons, an in- 
crease of 586,874 tons, or 17 percent, over 
the stocks on hand at the end of 1969. 
These stocks were the largest since yearend 


tons for 1969. The combined yearend 
stocks amounted to approximately a 6- 
month supply, based on the normal do- 
mestic and export demands for domesti- 


1964. Yearend stocks of recovered sulfur cally produced Frasch and recovered 
were 84,819 tons, compared with 95,312 sulfur. 
PRICES 


The long-established price quotations by 
the Oil, Paint and Drug Reporter for 
crude, domestic, dark, bulk sulfur, f.o.b. 
cars, mines, and f.o.b. vessels, Gulf ports, 
were not available during the year. For- 
merly used as the basic reference for sulfur 
pricing, they no longer proved to be useful 
in this respect, having been supplanted by 
delivered prices ex-terminal near the 
points of major consumption, generally in 
the form of molten sulfur. These prices 
were reported bimonthly by the trade 


journal, Sulphur. It stated that delivered 
prices at the beginning of the year were as 
follows: Gulf region, $26 to $28 per long 
ton; Tampa, $28 to $30; and Atlantic East 
Coast, $35 to $37 per ton. Prices in the 
North Central States ranged widely from 
$21 per ton upward. By yearend these 
prices had declined moderately, and were 
reported as follows: Gulf region, $23 to 
$25 per ton; Tampa, $26 to $27; and East 
Coast, $27 to $31 per ton. 


FOREIGN TRADE 


U.S. exports and imports of sulfur dur- 
ing 1970 were both less than in 1969; mod- 
erately less in quantity, but very much 
lower in value. Both decreases, particularly 
value, reflected the depressed condition of 
the sulfur industry. 

Exports were almost entirely in the form 
of elemental Frasch sulfur. The tonnage of 
elemental sulfur exported during 1970 was 
only 8 percent less than in 1969. However, 
the total value decreased by 42 percent, 
with an average reported value of $37.09 
per ton in 1969 and $23.16 per ton in 
1970. The Netherlands received 43 percent 


of these exports, mainly for transshipment 
to other European Economic Community 
(EEC) countries. Brazil was the second 
largest customer for these exports, followed 
by the United Kingdom. 

Imports of sulfur consisted largely of re- 
covered sulfur from Canada, which were 
greater in 1970 than in 1969, and of 
Frasch sulfur from Mexico, which were less- 
than 1969. The total quantity of sulfur 
imported was only 8 percent less than in 
1969, but the total value decreased by 40 
percent. The average value reported in 
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1970 was $22.20 per ton, whereas in 1969 ada in 1970 were 260,000 tons, containing 
the average was $34.15. 130,000 tons of sulfur. (Bureau of Census 
Estimated imports of pyrites from Can- data do not include all shipments.) 


Table 9.—U.S. exports and imports for consumption of sulfur 
(Thousand long tons and thousand dollars) 


Exports Imports 


Processed, ground, 
Elemental, Frasch screened, refined, 
Year or sulfur recovered sublimed, precipitated, 
by any process colloidal, rolled 
flowers, and insoluble 


Quantity Value Quantity Value Quantity Value 


1968666...“ 11,549 1365, 650 153 233,855 1.572 $64,277 

77G! ⁊ ((y 8 r1 549 157,449 r2 r 834 1,615 51,222 

O aa SS 1,429 33,096 4 955 1,537 34,149 
r Revised. 


1 Formerly listed as crude.“ | 
2 Formerly listed as “crushed, ground, refined, sublimed, and flowers.“ 


Table 10.—U.S. exports of sulfur, by countries 


Elemental, Frasch, or sulfur Processed, ground, screened, refined, 
recovered by any process sublimed, precipitated, colloidal, 
rolled flowers, and insoluble 
Destination 1969 1970 1969 1970 
Long Value Long Value Long Value Long Value 
tons (thou- tons (thou- tons (thou- tons (thou- 
sands) sands) sands) sands) 
A 
Argentina 31,155 $1,114 27,628 A — 59 $29 
Australia 57,262 „493 31, 66 977 49 $9 247 82 
Belgium-Luxembourg. ...... 59,505 2,118 51,400 1,122 10 1 62 
fallos aca 124,057 4,283 229,102 5,223 763 206 248 104 
c 47,310 1,961 54,414 1,598 260 27 900 122 
Germany, West 5,627 836 2,827 142 35 5 824 229 
Ee le 17,340 800000 8 29 5 83 39 
Indonesia 406 19. tebe teed 45 5 101 11 
I r 93,020 73,378 err y GSSs 
Israe “l 24, 860 88 32, 929 15- i222 ua 87 24 
AA A 79,114 3,207 33,220 604 7 1 12 
JADEN A 12 8 83 13 1 70 25 
Mexico-------------------- 918 106 2,727 111 309 31 221 79 
Netherlands 609,806 21,857 614,759 13,816 ...... ....-. 47 
New Zealand 53,79 2,101 60,873 ; 63 9 19 8 
Philippines 5,315 201 196 8˖;⁵ —88 79 42 
South Africa, Republic of 30,518 1, 024 15,078 308 70 14 48 5 
Switzerland 31,502 1,197 9,000 199 A OS 
Trinidad and Tobago 17,861 588 16,716 Ü (Coni. sus SS | 
Tunisia , A ⁰⁰ / AA 
United Kingdom 201,077 7,236 131,325 3,20 67 20 
Venezuela. ooo... 334 46 1,023 37 27 8 181 41 
(d sia 24,088 1,017 21,110 618 116 17 420 80 
Toe! 8 r 1, 548,937 757,449 1,429,055 33,096 1,796 334 3,775 955 


r Revised. 
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Table 11.—U.S. imports for consumption of sulfur, by countries 


Country 


Belgium- Luxembourg 
III ³W¹ % K ⁵ĩ K ro idos Zana 


EENS 
KingdOM EE 
Venezuela______ AAA A 


Unite 


1 Less than 1⁄ unit. 


1969 1970 
Long tons Value Long tons Value 
(thousands) (thousands) 
re Ree 8 11 $1 
88 p Xp 8 
929,202 23,334 998,008 14,005 
110 17177 
150 ))“! (88 
49 1 5 
745,178 33, 850 538, 985 20,115 
118 
OLD m IA 22 1 
7) 276 3 
1,674,948 57,222 


1,537,481 34,149 


WORLD REVIEW 


Canada.—The output of sulfur contin- 
ued to increase at a rapid rate, primarily 
because of the nondiscretionary production 
of recovered elemental sulfur as a conse- 
quence of increased demands for natural 
gas. It was announced that the total rated 
capacity of plants for the treatment of 
sour natural gases at the end of 1970 was 
approximately 5.63 million long tons of 
sulfur per year.5 This was about one-fifth 
greater than the rated capacity of these 
plants at the end of 1969.6 It was antici- 
pated that new plants and the expansion 
of existing plants would raise the rated ca- 
pacity of these types of operations to ap- 
proximately 7.84 million tons per year by 
the end of 1971. Because of seasonal de- 
mands for gas, these plants do not always 
operate at full rated capacity. However, it 
has been projected that sulfur production 
from these sources might reach 6.3 million 
tons by the end of 1971, and 9 to 10 mil- 
lion tons per year by 1975. 

Producers’ stocks of recovered sulfur con- 
tinued to increase, and by the end of 1970 
amounted to approximately 3 million long 
tons. It was projected that these stocks 
could be double this quantity by the end 
of 1971, and might reach 50 million tons 
by the end of the decade.7 

Unit train operations between the re- 
covered sulfur plants and Vancouver, Brit- 
ih Columbia were expanded and 
simplified. A group of 24 individual 
shippers consolidated their sulfur move- 
ments under a Sulphur Solid Train Oper- 
ating and Exchange Plan. These producers 
previously shipped from widely scattered 
points in Alberta. Under the new plan, 
only four of the largest plants will ship by 
unit-train to the west coast, where a com- 
mon stockpile will be maintained from 


which all 24 sulfur producers may draw 
for export sales. The project was designed 
for an initial movement of more than 1.5 
million long tons per year. 

Provincial authorities have approved the 
plans of Syncrude of Canada, Ltd., for the 
construction of a large plant to process 
Athabasca tar sands in northeastern 
Alberta.2 Proposed initial production will 
amount to 50,000 barrels of synthetic crude 
oil per day, and approximately 120,000 
tons of elemental sulfur per year. This 
will be the second plant of its type for the 
exploitation of the tar sands. Though re- 
garded as a source ‘of oil, the tar sands 
contain about 4.5 percent sulfur, and are 
considered to be one of the largest poten- 
tial deposits of recoverable sulfur in the 
world. 

Germany, West.—It was projected that 
this nation’s present position as one of the 
world’s major importers of sulfur could 
change to that of a net exporter by the 
year 1974.10 This would be accomplished 
by the scheduled installation of several 
large plants for the recovery of elemental 
sulfur from sour natural gas deposits in 
Lower Saxony. The plants are being devel- 
oped by Mobil Oil Corp., and by compa- 
nies owned jointly by Standard Oil Co. 
(New Jersey) and the Royal Dutch Shell 
Group. 

5 Cote, P. R. Sulfur. Canadian Min. J., v. 92, 
No. 2, February 1971, pp. 147-150. 

6 Cote, P. R. Sulfur. Canadian Minerals Year- 
book 1969 (preprint) May 1970, 12 pp. 

Work cited in footnote 5. 


8 Chemical Age. New Sulphur Shipping System 
for Canada. V. 100, No. 2643, Mar. 13, 1970, p. 


2. 
9 Industrial Minerals (London). Syncrude Plans 
Second Tar Sand Plant. No. 29, February 1970, 
4 


p. 42. I 

10 Oil, Paint and Drug Reporter. Sulfur Posi- 
tion of the Germans. V. 198, No. 24, Dec. 14, 
1970, pp. 5, 51. 
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Table 12.—Elemental sulfur: World production, by countries 
(Thousand long tons) 


Country ! 1968 1969 1970 p 
Native t 
ch: 
%/ô§ĩé§—. ³ -b ¼]'— ..... «˙Ü˙ 0 aa a LE EE 1. 582 1, 606 1,276 
Poland A A A Sum SZ r 829 1,300 e 1,600 
United States... sn Seco ee . ... . nara Ee 7,458 7,146 7,082 
/ ⁵ðü r 9,869 10,052 9,958 
From sulfur ores: 
Argentini Geet 33 34 e 34 
Bolivia (exports) JU 85 86 16 
II/ y aS ETS 62 97 107 
China, mainland e 4 118 118 118 
JCCP77';öÜÄ151- .. 28 e 26 e 29 
IO ee atico ede iA ecd E (2) 5 e 5 
Indonesia S... u. l See ee sae 1 1 1 
e ne a ZS ee Ge ee 1 1 1 
AAA r 78 47 
7 ee ta ⁰⅛⁰˙ 8 256 201 234 
Merito o ð³oð ] n yy . Su usa 24 26 4 
Poland ↄↄↄ ² ᷣI—B— (vd v my 8 r 487 650 e 1,067 
Talvan EE sas 4 6 
Türkey A A 24 26 
USS A A A IA 1,033 1,102 1,102 
United States 7)7)FFÜ . Ee 
%ĩõõͤ· ¹Ü¹˙Oß ꝛ Cd 8 r 2,186 2, 380 2,817 
Total native sulfſuu uk 44 r 12,055 12,432 12,775 
Other elemental sulfur: Recovered: 
MANE AA usaq o Qu eS r3 3 e3 
HC ĩ ò ⁵«;rT ] ⁰ ſ ⁵ dd DES A r9 10 e 10 
Brazil 6___.._ AO A EE 7 7 9 
Dulgarig ooo a cs 9 5 e7 
e . . r 3,150 8,799 4,372 
China, mainland et ee 128 128 128 
;; ³ðZZy ĩ d rial tos 3 4 4 
Finland vcrc ĩͤ K una s x s: 123 110 113 
France EE r 1,609 1,705 1,706 
Germany: 
A A IIS 118 108 e 108 
KT o E ane 8 125 127 173 
br Luo A LE r2 e2 
Iran et o ones eS A 87 39 89 
Tre Cleo a oes c Arp v ee E 6 eg e8 
CHUTE r 51 69 69 
JSDEDIO: n daa ³ͥͤͤéſßͤ vt aa 74 141 101 
¿SAA EE NA 15 20 
México ui a ls bct 52 57 59 
Netherlands r 89 31 e 31 
Poptugpal: coo NEU RE. ³ K DD 8 4 8 e 8 
Saudi Arabin˖aaaaKæK. „„ 2:2 4 5 
South Africa, Republic of . 2.2. 2c Lc LL... 6 12 12 
JA ⁵¼— r mE E r 9 5 eb 
Sweden ts EE 4 p5 e5 
Taiwan MA AI 3 4 5 
Trinidad NAO 3 4 4 
A A A d 443 472 472 
United Arab Republic 6_________---_---- eee 3 1 el 
United Kingdom 1k! 46 42 e45 
United Stag 2 1.354 1.414 1,449 
Total other elemental sulfur r 7,422 8,339 8,973 
eee 
Grand total o ee eee r19,477 20,771 21,748 
e Estimate. P Preliminary. r Revised. NA Not available. 


1 In addition to countries listed, Uruguay produces less than 500 tons of sulfur annually as a byproduct of 
petroleum refining. | 

2 Less than Le unit. 

3 Year beginning March 21 of year stated. 

4 Includes an unreported quantity recovered from sulfide ores as well as that from sulfur ore. 

5 Includes (in part) sulfur content of H:S converted directly into sulfuric acid. 

6 From petroleum refining. 

1 From sulfide ore. 

s From natural gas, petroleum, tar sands, and smelting of sulfide ores. 

* From natural gas. . 

19 From petroleum refineries only. Excludes an unreported quantity recovered from sulfide ores, which is 
included above (see footnote 4). 

11 From distillation of petroleum, lignite, and from the reduction of SO» gas. 

12 From oil shale. 

13 Includes sulfur recovered from petroleum refineries and from other unspecified sources. 
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Table 13.—Pyrites (including cupreous pyrites): World production, by countties 
(Thousand long tons) 


1968 1969 1970 » 
Country 1 
Gross Sulfur Gross Sulfur Gross Sulfur 
weight content weight content weight content 
North America: 
Canada (shipment) 281 e 136 336 e 168 291 e145 
United States i 872 362 W W W W 
Europe: 
ulgaria- ———— Á€ 161 64 167 66 e 177 e T1 
Czechoslovakia. 374 e 158 851 e 148 e 854 e 149 
Finland. -2.222-22 dai 762 365 841 387 948 489 
he hn EE 88 81 33 84 e 34 84 e 34 
Germany: 
AA 138 57 e 138 e 57 e 138 e 57 
hf. uc u se as 606 r 247 630 262 545 238 
Greece ek r 208 96 242 112 266 116 
Ee 1,384 623 1,451 638 1,494 658 
A € A EEN 682 309 754 346 35 e 411 
ß acid c mu c 221 87 221 87 221 87 
, e 552 r 2 54 523 235 468 206 
ROMANA =D dic e 354 e 138 e 854 e 138 794 e 841 
¡LAS 2,365 1,132 2,436 1,131 2,693 1,253 
Sweden 467 r 236 487 246 566 e 285 
PERA A AA 3,445 1,821 3,445 1,821 3,987 2,067 
. Yugoslavia ___..------------------ r 269 e 113 268 e 113 349 e 147 
Africa: 
A A AAA 45 22 45 20 32 15 
Morocco (pyrrhotite) |... ........... 411 123 885 116 286 86 
gh South Africa, Republic off 693 e 277 824 e 330 854 e 342 
ia: . 
China, mainland e____ 1,476 r 689 1,772 787 1,968 886 
VDIUS.. . dg ceu r 1,033 r 496 912 430 857 418 
Japan 8... Am ⁵ðͤ r 2,870 r 1,321 2,919 1,344 2,707 1,265 
Korea, North ooo... 492 197 492 197 492 197 
Philippines 179 r 85 198 93 270 125 
Talwath. oid lecce ĩ uuu T 38 e 14 38 e 14 39 e 15 
e or A r 135 64 128 61 90 43 
Oceania: Australia r 165 r 72 158 71 e 155 e 64 
a A ecu E r 20,759 r 9,591 20,599 9,452 21,810 10,210 
e Estimate. » Preliminary. r Revised. W Withheld to avoid disclosing individual company con- 


fidential data. 


1 Pyrites is produced in Cuba, but there is too little information to estimate production. Pyrites is also pro- 
duced in Southern Rhodesia, but production figures have been withheld by the Government. 


? Sold and used. 


3 Revised to show only pyrites and pyrrhotite. Data for years prior to 1968 included pyrites, pyrrhotite, 
sulfur ore used in acidmaking, copper concentrate, and zinc concentrate. 


Iran.—A new elemental sulfur recovery 
plant for treating sour natural gas went 
into operation at Bandar Shaphur late in 
1970.11 The plant has a capacity of 
500,000 long tons of sulfur per year, mak- 
ing it the sixth largest of its type in the 
world. It is part of a petrochemical com- 
plex operated by Shaphur Chemical Co., 
which is jointly owned by the Allied 
Chemical Corp. and the National Iranian 
Oil Co. A similar sulfur recovery plant at 
Karg Island, with a rated capacity of 
200,000 tons per year, went into operation 
in late 1969.12 Jointly owned by the Amer- 
ican Oil Co. and the Nationa] Iranian Oil 
Co., it treats sour natural gas reported to 
have a hydrogen sulfide content of approx- 
imately 12 percent. These two plants rep- 
resent the first attempts to recover elemen- 
tal sulfur from the very large reserves of 
sulfur in the sour natural gas deposits in 
Iran. 


Iraq.—Hydrokop, a Polish mining orga- 
nization, commenced initial operations 
leading to the development of Frasch 
mines for the exploitation of the large 
known reserves of native sulfur in Iraq.!3 
Funds for the project are being provided 
by Poland. The first mine to be brought 
into production will be located near Mish- 
racq in north-central Iraq, with a planned 
output of 300,000 tons per year. If success- 
ful, it will be followed by another mine 
with a production capacity of 1 million 
tons per year. It is reported that Poland 
might participate in the marketing of the 
sulfur production. 

Poland.—The state-owned sulfur indus- 
try was reorganized during 1970, and is 
a0 Suiphan Ian 
covered Sulphur. 
1970, p. 15. 

12 Sulphur. Karg Island Complex On-Stream. 
No. 86, January-February 1970, pp. 27-28. 


13 Mining Journal. Sulphur Mine in Iraq. V. 
274, No. 7018, Feb. 20, 1970, p. 158. 


Developing Trade in Re- 
No. 91, November-December 
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now grouped under the direction of a sul- 
fur combine. This new organization took 
over control of all functions relating to 
production, shipping, and sales.14 

Poland, ranked as the third largest ex- 
porter of sulfur, after Canada and the 
United States, was pressing to expand its 
exports even further as a source of foreign 
exchange. Operations were expanded at 
the newer Frasch Grzybow and Jeziorko 
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operations, and work was well advanced on 
the construction of a large, modern liquid 
sulfur terminal near the port of Gdansk.15 
Completion of these shipping facilities was 
expected to reduce transportation costs to 
Western Europe and other world markets, 
making Polish sulfur more competitive in 
areas formerly dominated by exports from 
the United States and Mexico. 


TECHNOLOGY 


The Bureau of Mines reported research 
on the alkalized alumina process for re- 
moving sulfur dioxide from combustion 
gases. Fluidized-bed reactors were operated 
for the sorption of sulfur dioxide and the 
regeneration of the alkalized alumina, ob- 
taining a 90-percent recovery of the sulfur 
in the feed gas.16 Equations were devel- 
oped for the design of commercial fluid- 
ized beds for both the sorption and regen- 
eration steps of the process.17 Studies 
were made on the effect of reducing gas 
composition, temperature, and superficial 
gas velocity on the regeneration rate of al- 
kalized alumina.18 

A review was made of 19 chemical proc- 
esses for removing sulfur oxides from stack 
gases. The processes ranged from those still 
in the experimental stage to a few that are 
commercial. It was determined that more 
operating data are needed before judging 
which methods are most economical and 
effective.19 

Consolidation Coal Co. announced the 
development of a process for the removal 
of sulfur dioxide from stack gases. It in- 
volves the use and regeneration of potas- 
sium formate, and yields elemental sulfur. 
A preliminary economic appraisal indicated 
that the process costs would be in the 
range of from $1.00 to $1.50 per ton of 
coal, for a coal-fired powerplant.20 

The newly developed Bergbau-Forschung 
process for the removal of sulfur dioxide 
from flue gases was described. At a con- 
trolled temperature, sulfur dioxide, oxygen, 
and steam are absorbed by activated car- 
bon and converted to sulfuric acid, which 
is retained by the carbon, the carbon 
being deactivated. The sulfuric acid may 
be recovered in a dilute form by water 
washing the carbon. Alternatively, the car- 
bon may be regenerated by heating, and a 
concentrated sulfur dioxide gas recovered. 
The process was developed by the Re- 


search Center of the German Coal Mining 
Industry, with financial support from the 
Ministry of Health of West Germany.21 

The Bureau of Mines investigated the 
feasibility of removing sulfur dioxide from 
gas streams by carbon monoxide reduction 
in a fixed-bed catalytic reactor. Kinetic 
studies determined the influence of various 
parameters on the catalytic reaction.22 

It was reported that the high pressure 
gasification of fossil fuels, with the removal 
of sulfur before combustion, could be 
more financially attractive than the re- 
moval of sulfur dioxide from stack gases.23 
By integrating such a process with giant 
combined gas turbine and steam turbine 
power generation, cost could be held 
down. Additionally, the sale of byproduct 
sulfur would provide an offset against cap- 
ital costs. Proposed schemes, with advan- 
tages and problems, were discussed. 


M Sulphur. Reorganization of Sulphur Industry. 
No. 89, July-August 1970, p. 41. 

15 Industrial Minera. Sulphur to be Shipped 
in Liquid Form. No. 36, September 1970, p. 35. 

1$ Paige, Jack I., Joseph W. Town, James H. 
Russell, and Hal J. Kelly. Sorption of Sulfur 
Dioxide and Regeneration of Alkalized Alumina 
in Fluidized-Bed Reactors. BuMines Rept. of Inv. 
7414, 1970, 32 pp. 

17 Russell, James H., Joseph W. Town, and 
Hal J. Kelly. Mathematical Evaluation of Sulfur 
Dioxide Sorption-Regeneration Reactions With 
Alkalized Alumina. BuMines Rept. of Inv. 7415, 
1970. 29 pp. 

18 Town, J. W., J. H. Russell, and H. J. Kelly 
Removing Sulfur Dioxide From Flue Gases: Re- 
generation Rates for Alkalized Alumina. BuMines 
Rept. of Inv. 7478, 1971, 24 pp. 

19 Maurin, P. G., and J. Jonakin. Removing 
Sulfur Oxides From Stacks. Chem. Eng., v. 77, 
No. 9, Apr. 27, 1970, pp. 173-180. 

20 Sulfur. Sulfur Dioxide Removal: Formates In- 
volved in New Process From 5 Coal 
Co. No. 88, May- June, 1970, p. 

21 Sulfur. Desulfurization of Piue Gases Using 
the Bergbau- Forschung 5 No. 88, January- 
February 1970, pp. 29-30 

22 Haas, L. A., T. H. McCormick, and S. E. 
Khalafalla. Removing Sulfur Dioxide by Carbon 
Monoxide Reduction. BuMines Rept. of Inv. 
7483, 1971, 18 pp. 

23 Squires, Arthur M. Keeping Sulfur Out of 
the Stack. Chem. Eng., v. 77, No. 9, Apr. 27, 
1970, pp. 181-189. 


SULFUR AND PYRITES 


Freeport Sulphur Co. developed a new 
process for the conversion of hydrogen sul- 
fide and sulfur dioxide into elemental sul- 
fur. The reaction is carried out in molten 
sulfur, and is catalyzed by a small concen- 
tration of amines.24 

Papers and patents published in the past 
60 years were reviewed as part of a project 
for determining the feasibility of recover- 
ing hydrogen sulfide from base metal sul- 
fides as an alternate to pyrometallurgical 
smelting.25 

The Bureau of Mines reported the devel- 
opment of a hydrometallurgical process for 
the recovery of copper, iron, and sulfur 
from chalcopyrite concentrate by means of 
a ferric chloride leach, with sulfur being 
recovered in the elemental form.26 

An investigation provided the technical 
parameters of a hydrometallurgical process 
whereby copper sulfide concentrates are 
taken into solution with concentrated sul- 
furic acid, and elemental sulfur and sulfur 
dioxide are produced.27 Sulfuric acid can 
be regenerated for use in the process. 

The development of special procedures 
for drilling and completing very deep, ex- 
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tremely corrosive gas wells to recover natu- 
ral gases containing a high percentage of 
hydrogen sulfide was reported.28 

The Sulphur Institute reviewed the re- 
search on new end uses for sulfur, and 
reported that commercialization of new 
uses should open up multimillion-ton 
markets.29 


24 Chemical and Engineering News. Sulfur Re- 
covery Process Sweetens Sour Gas. V. 48, No. 18, 
Apr. 27, 1970, pp. 68—69. 

25 Parsons, H. W., and T. R. Ingraham. The 
Hydrogen Sulphide Route to Sulphur Recovery 
From Base Metal Sulphides: Part 1, The Genera- 
tion of Hydrogen Sulphide From Base Metal Sul- 
phides. Mines Branch, Department of Energy, 
Mines and Resources, Canada. Mines Branch Inf. 
Circ. 242, 1970, 61 pp. 

æ Haver, F. P., and M. M. Wong. Recovery of 
Copper, Iron, and Sulfur From Chalcopyrite Con- 
centrate Using a Ferric Chloride Leach. J. Met- 
als, v. 23, No. 2, February 1971, pp. 25-29. 

22 Prater, J. D., P. B. Queneau and T. J. 
Hudson. The Sulfation of Copper-Iron Sulfides 
With Concentrated Sulfuric Acid. J. Metals, v. 
22, No. 12, December 1970, pp. 23-27. 

28 Grizzaffi, L. P., and B. M. Thompson. Com- 
pleting Gas Wells That Produce High Hydrogen 
ads Oil World, v. 170, No. 7, June 1970, pp. 

22 Platou, J., New Markets for Tomorrow’s Sul- 
phur. Min. Cong. J. v. 57, No. 2, February 1971, 
pp. 109-114. 
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Talc, Soapstone, and Pyrophyllite 


By J. Robert Wells * 


The talc, soapstone, and pyrophyllite in- 
dustry, taken as a whole, successfully held 
its ground against the tendency toward 
slackness that characterized other parts of 
the industrial mineral field in 1970. Do- 
mestic producers, for the second year in 
succession, supplied to consumers more 
than a million tons of these materials, at- 
taining an alltime high total value of $7.8 
million. The United States remained se- 


curely in the position of being second only 
to Japan in tonnage of output of talc- 
group minerals. This overall strength of 
the industry in 1970 was sustained by 
three major producing States, California, 
Texas, and Vermont, each of which posted 
higher figures for talc-group tonnages and 
values than ever before in their mining 
history. l 


Table 1.—Salient talc, soapstone, and pyrophyllite statistics 


(Thousand short tons and thousand dollars) 


United States: 
Mine 


II tics EE wa 
World: Production 


alte kk uae i O.L. DS 


1966 1967 1968 1969 1970 
dise 895 903 958 1,029 1,028 
--- $6,479 $6,871 $6,656 $7,508 $7,778 
8 82 88 985 948 
--- $19,269 £320,488 $22,968 $26,294 $25,980 
6 6 6 105 
--- $3,917 $8,450 $3,521 $8,713 $5,789 
5 24 20 30 
Sea $827 $653 $973 $749 $1,294 
S 4,093 4,369 4,796 5,137 5,806 


1 Excludes powders—talcum (in package), face, and compact. 


DOMESTIC PRODUCTION 


Domestic production of talc-group min- 
erals in 1970 consisted of talc, soapstone, 
and pyrophyllite from about 60 mines in 
15 States. New York, California, Vermont, 
Texas, and Montana, in that order were 
the leading producers, and jointly provid- 
ing 84 percent of the national total. Total 
talc-group tonnage was virtually un- 
changed from 1969, although the total 
value reported by producers advanced by 
about 4 percent. 

Talc, the dominant member of this min- 
eral group, was mined in 10 States, among 
which New York, Vermont, Texas, Califor- 
nia, and Montana, ranked according to 


1 Physical scientist, 


tonnage, were the leaders. Total 1970 pro- 
duction of talc from U.S. mines was about 
l percent less in quantity than in 1969, 
but nearly 5 percent higher in total value. 

Soapstone was mined in 1970 in six 
States led by Arkansas, Virginia, and 
Washington, the joint suppliers of about 
87 percent of the total quantity. Domestic 
production of soapstone, compared with 
1969 data, was 26 percent less in tonnage 
and 55 percent less in total value. North 
Carolina and California were the principal 
domestic producers of pyrophyllite in 1970. 


Division of Nonmetallic 
Minerals. 
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Table 2.—Crude talc, soapstone, and pyrophyllite produced in the United States, by States 


1969 1970 
State 
Short Value Short Value 

tons (thousands) tons (thousands) 
Califormia oa a sa 145,158 $2,329 184,660 32, 545 
COPS AA ee eee 47,790 801 45,900 289 
Nevada. cerco oA 6,434 81 W W 
North Caroling „„ 105, 728 586 92,689 544 
r ³ð2by W W W 
Jq/%(ö; ⁵ ↄ x Za ont Du E 168 , 812 668 171,420 878 
lll, A lesa sua 4,600 12 3,760 9 
Other Stat es 111199 555, 716 3, 531 529, 550 3, 507 
lr ³ðAA 1,029, 238 7,508 1, 027, 929 27,778 


W Withheld to avoid disclosing individual company confidential data. 
1 Includes Alabama, Arkansas, Maryland, Montana, New York, Pennsylvania, Vermont, Washington, and 


States indicated by symbol W. 


2 Data may not add to total shown because of independent rounding. 


Table 3.—Talc, soapstone, and pyrophyllite sold by producers in the United States, 


by classes 
Crude Ground ! Total 2 
Year Value at Value at Value at 
Short shipping Short shipping Short shipping 
tons point tons point tons point 
(thousands) (thousands) (thousands) 
1 8 3 110, 856 $493 738,736 $18,776 849,692 $19,269 
/// 88 3 42,758 280 780,998 20,208 823,756 20,488 
E A ee 3 64,877 331 821,601 22,687 886,478 22,968 
E A 8 3 81,015 862 904,818 25,981 985,333 26,294 
197/0- cuco olaaa 395,561 572 851,956 25,407 947,517 25,980 


1 Includes crushed, sawed, and manufactured material to avoid disclosing individual company confidential 


ta 


2 Data may not add to total shown because of independent rounding. 
3 Includes exports to grinders in Belgium and Mexico. 


CONSUMPTION AND USES 


Apparent consumption of talc minerals 
in the United States, as derived from total 
mine production and the balance of im- 
ports-exports, amounted to 953,000 short 
tons in 1970, or approximately 3 percent less 
than in 1969. Total tonnage of talc-group 
products (principally ground material) 
sold or used by producers was 4 percent 
less than in 1969, but the total value was 
lower by only 1 percent. 

The dominant single end-use classifica- 
tion for talc minerals in the United States 
in 1970 was the manufacture of ceramics, 
which accounted for at least 26 percent of 
the total quantity of these materials sold 
or used by producers, even though data on 
use for floor and wall tile were not sepa- 


rately available. Approximately 18 percent 
of the year’s supply of talc and soapstone 
was consumed in paints, 6 percent in the 
coating and filling of paper, 5 pereent in 
roofing, and 4 percent in insecticides; this 
last item was down from 6 percent in 
1969. The share of domestic talc consumed 
in toilet preparations remained low, less 
than 2 percent, following just over 1 per- 
cent in 1969, compared with 4 percent in 
1967 and 1968, possibly a reflection of the 
markedly stepped-up importation of cos- 
metic-grade Italian material. Detailed end- 
use statistics for domestic pyrophyllite have 
not been published since the early 1960's, 
to avoid disclosing individual company 
confidential data. 


TALC, SOAPSTONE, AND PYROPHYLLITE 


Table 4.—Pyrophyllite 1 produced and sold by producers in the United States 


Year 


1 Includes sericite schist. 


Table 5.—Talc, soapstone, and pyrophyllite sold or used by producers 
in the United States, by uses 


(Short tons) 


Use 


1075 
Production Total sales 
Short Short Value 
tons tons (thousands) 
5 125, 202 126, 874 $1,627 
5 117,457 118, 337 1,579 
5 130, 624 120,319 1,748 
F 104,347 110,816 1,632 
ls 120,077 95,735 1,317 
Talc and soapstone Pyrophyllite 
1969 1970 1969 1970 
eccl f ute 245,704 228,595 26,860 19,427 
FF 53,722 33, 697 W W 
3 166,170 154, 265 W W 
. 54,554 52,328 
5 30,526 44,997 W W 
Res RE 24,464 28,348 W W 
F 7,974 6,187 W W 
F 12,235 18,721 W 


, , W 
55 1 279,168 1289, 644 283,956 2 76, 308 


874,517 851,782 110,816 95,735 


W Withheld to avoid disclosing individual company confidential data. 

1 Includes asphalt filler, crayons, exports, fertilizer, floor and wall tile, foundry facings, insulated wire and 
cable, joint cement, plastics, rice polishing, and miscellaneous products. 

2 Includes asphalt filler, brick, enamel coating, i foundry facings, joint cement, refractories, mis- 


cellaneous products, and items indicated by symbol 


PRICES 


For crude talc, soapstone, and pyrophyl- 
lite in 1970, the average value per ton re- 
ported by producers fell within the range 
established during the previous 10 years of 
$6.84 to $7.61 per ton. The average unit 
value for all talc-group minerals sold or 
used in 1970 by producers (that is, mostly 
processed material but exclusive of cos- 
metic powders) continued the persistently 
rising trend of recent years and reached 
the highest point on record, about 16 per- 
cent abové the mean for the period of 
1960-69. 

Ceramic Industry Magazine, January 
1971, showed $22 to $80 per ton as the 
price range for talc and steatite talc, ꝓre- 
sumably for the ground material. In more 
detail, the December 28, 1970, issue of Oil, 


Paint and Drug Reporter quoted prices for 
ground domestic talc that ranged (depend- 
ing upon grade, point of origin, and de- 
gree of preparation) from $22.25 to $39.50 
per ton for carload lots, and from $36 to 
$42 per ton for smaller quantities. Micron- 
ized talc in carload lots was quoted in the 
same issue at $42 per ton for 400-mesh 
product and at $85 per ton for 625-mesh. 
Quotations given for ground talc imported 
from Canada were in the range of $20 to 
$35 per ton. 


Although such published quotations are 
probably indicative of the general] tendency 
of current talc prices, actual sales in 1970 
were arranged as usual at rates fixed upon 
by negotiation and not on public record. 
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FOREIGN TRADE 


Exports.—U.S. exports in 1970 of talc 
minerals, both crude and ground, out- 
Stripped imports about four-fold with re- 
gard to tonnage and total value and at- 
tained the highest level on record—more 
than 50 percent above the 1969 total. 
Without exception, shipments of U.S. talc 
to all the major geographical divisions 
were substantially higher in 1970, 15 per- 
cent higher to Western-Hemisphere na- 
tions, 127 percent higher to Asia-Oceania, 
and 133 percent higher to Africa, than in 
1969. The largest gain—23,496 tons more 
and 164 percent more than in 1969—was 
scored by exports to European markets. 

Imports.—The total value of U.S. im- 
ports in 1970 of talc minerals in unmanu- 
factured form amounted to $1.3 million, or 
about 18 percent more than the highest 
annual figure recorded previously—$1.l 
million in 1963. Notably, 1970 imports 
from Italy were valued at $780,000, com- 
pared with only $280,000 in 1969, but still 
not quite up to the $860,000 that was 
reached in 1961, and again in 1962 and 
1963. 


Table 6.—U.S. exports of talc, soapstone, 
and pyrophyllite, crude and ground 


(Thousand short tons and thousand dollars) 


Year Quantity Value 
1933s. 66 33, 521 
;. cec AE 69 ) 3,718 
9 AAA A ede 105 5,739 


Tariffs.—Schedules in force during 1970 
provided for import duties on the various 
classifications of talc as follows: Crude and 
not ground, 0.02¢ per pound; ground, 
washed, powdered, or pulverized, 8 percent 
ad valorem; cut or sawed, or in blanks, 
crayons, cubes, disks, or other forms, 0.3; 
per pound; and other, not specially pro- 
vided for, 16.5 percent ad valorem. The 
rate applicable to talc, crude and not 
ground, remained the same after January 
1, 1971, but those affecting the other three 
classes were reduced, as of that date, to 7 
percent ad valorem, 0.2¢ per pound, and 
14 percent ad valorem, respectively. 


Table 7.—U.S. imports for consumption of talc and steatite or soapstone, 
by classes and countries 
(Short tons and thousand dollars) 


Crude and 
unground 
Year and country 
Short Value 
tons (thou- 
sands) 
A ¾ ow MS 10, 036 3134 
1969: 
Canada . os --------.--- 5,899 55 
IG, ? dg 
¡0 E ùĩ˙·¹.¹.AAͤ ͤ ⁰⁰ãygm y y 
J ⁵ cuo 3,293 137 
JJ A EA 
Korea, Republic oꝶꝶ f. 
Mexico 1 (2) 
Poland: c. uuu uuu ad, | adas "cde 
United Kingdom 8 
Total nu ucc tou s 9,196 194 
1970: 
Canada. ...................- 4,378 43 
Y ARA AN 
India... a id 54 
/i. ⁵³ coa as 13,999 652 
PP Ee, Queue aos 
Korea, Republic of. 
Delf!!! 8 18, 426 


Ground, washed, Cut and Total 
powdered, or sawed unmanufactured 
pulverized 
Short Value Short Value Short Value! 
tons (thou- tons  (thou- tons  (thou- 
sands) sands) sands) 
14,055 $520 222 $319 24,313 $973 
2,281 3 2 8,183 111 
5,046 124 2 1 5,048 125 
ld. ` ` AA 14 2 
2,265 144 2 1 5,560 282 
555 258 159 258 159 
1,222 0 ss 1,222 54 
EE 1 (2) 
83 . 33 
86 5 SC 89 13 
10,897 392 265 163 20,358 749 
2,717 69 46 7 7,136 119 
4,807 C 4,807 142 
A A 54 2 
1,818 129 2 15,821 783 
352 (2) 305 180 657 180 
1,513 66. Stereo asas 1,513 68 


697 11,207 408 855 189 29,988 1,294 


1 Does not include talc, n.s.p.f.: 1968, $12,722; 1969, $12,479; 1970, $5,651. 


2 Less than Le unit. 
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WORLD REVIEW 


Australia.—Exploratory drilling proved 
the existence of recoverable talc amounting 
to hundreds of thousands of tons in a pre- 
viously discovered deposit near Truro, in 
the Adelaide district of South Australia. 
The Truro ore body consists of bedded 
material near the surface that should be 
minable by open pit procedures. A study 
was begun to assess the site’s potential as a 
source of talc in crude or processed form 
for the export market. In New South 
Wales, organization was completed of a 
new mining firm, Pyrophyllite Pty. Ltd. 
for the announced purpose of exploiting a 
pyrophyllite ore body formerly controlled 
by Eden Minerals Pty. Ltd. It is estimated 
that this deposit contains from 30 to 50 


Table 8.—Talc, soapstone, and pyrophyllite: 


million tons of marketable pyrophyllite, 
and Japanese steel mills are expected to 
provide a large-scale outlet for the mineral 
for use in the manufacture of ladle brick. 

Canada.—Baker Talc, Inc., operating 
talc mining and processing facilities near 
South Bolton, Quebec, announced that in- 
stallation of an additional air compressor 
and of an enlarged hoisting system, cou- 
pled with the recent extension of the shaft 
to a deeper level, has provided substan- 
tially increased production capacity at the 
Van Reet mine. In continuation of a pro- 
gram for the improvement of the compa- 
ny's processing plant, a number of modifi- 
cations were incorporated into the milling 


‘circuit that will make it possible to supply 


| World production, by countries 


(Short tons) | 


North America: 


Canada (shipment) 


South America: 


Argentina- a DER MEE 
NAS A Bat Le se hee 


Paragu 


Peru pyrophyilite) Z oan E ü AA 
Uruguay (ground talc). ))) 


Europe: 


inb DEMO ee ae et NOSE xxx RIT 
Norway (ground talc). ..............-...-.-... 
Portugal: 2202) coa Ee Da EE 
Ä ˙ ¾˙] eM tr 


United Kingdom EEN 


Africa: 


Morocco (tale deal 
South Africa, dide ^] um tie es 8 
i . EE 


Asia: 


India- ⁰àw ꝛx 


Korea, North cas 
Korea, Republic off 
Pakistan (eoapstonel 
FFH AAA os oe eee oan aes 
Taiwan (soapstonee )))) 
Thailand (pyrophyllite). ....................-- 


Oceania: 


SR TEEN 


e Estimate. » Preliminary. r Revised. 


1968 1969 1970 » 
33S r 80, 589 75, 850 74.957 
FCC 707 1,469 2,820 
FF 958,262 1,029,938 1,027,929 
E r 23,442 23 , 984 e 24,000 
FFC 3,101 892 705 
FCC 1,487 1,681 1,899 
3 83 99 132 
E 6,967 8,618 e 8,800 
e 2,484 2, 542 1.801 
iii dá r 93,205 104,277 110,406 
E 25,300 31,680 69,140 
——— HR r 271,262 271,168 256,838 
FC r 30, 886 50, 081 48,941 
323 r 2,770 6,695 6,614 
e r 136,441 150, 466 170, 657 
— € r 84,523 70,807 e 70,000 
3 e r 1,609 1,323 1,992 
F er 55, 000 e 55, 000 62, 582 
FFC r 31,997 37,179 e 37,500 
FF r 26, 834 31,300 35,600 
——— aane 408,000 419,000 419,000 
A anb r 12,706 11,811 e 11,000 
uti eo os 150 250 
AI A 9,978 9,715 8,243 
a a 642 660 280 
pad e er 5,000 4,740 e 5,000 
— Á—— S aie ae 165,000 165,000 165,000 
a r 195,100 206,674 185,641 
777 r 1,869,733 1,996,045 2,066,230 
— a 66,000 77,000 88,000 
V 164, 694 198,733 224,941 
333 r 2,885 2, 486 e 2,200 
F r 961 1.088 1,753 
E 32,027 26,867 42,678 
"——— 8,707 2:105. ase 
33 42, 873 60, 704 72, 568 
FFF r 4,796,205 5,137,307 5,805,547 


1 In addition to the countries listed, Brazil is believed to produce in excess of 50,000 tons annually, but 
available data are incomplete, and Southern Rhodesia is known to be a producer, but no data are available. 


2 Tale only. 
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a micronized talc of superior whiteness 
that is especially suitable for thé manufac- 
ture of paint. 

India.—Indian production of talc-group 
minerals in 1970 totaled 185,641 short tons, 
of which 8 percent was classified as pyro- 
phyllite and 92 percent as “steatite” (prob- 
ably talc by U.S. definition). The total 
value of the 1970 output amounted to 
Rs5.04 million, or approximately US$0.67 
million, divided in the same proportion as 
the tonnage. 

Indonesia.—The discovery of a lens of 
pure white talc 1 meter in thickness in 
West Irian, the western half of New 
Guinea, was reported in a recent survey of 
Indonesian minerals published by the Min- 
istry Of Mines in Djakarta. The new ore 
body lies between formations of peridotite 
and crystalline schist in a locality in the 
Cyclops Mountains north of Lake Sentani, 
where all previously known talc occur- 
rences were so intermixed with iron oxides 
as to be of little commercial value. The 
potential economic significante of the 
newly found talc deposit is being investi- 
gated. | 

Norway.—An energetic rebuilding pro- 
gram at the Knarrevik site in Bergen 
where a previous plant was destroyed by 
fire in 1969, enabled A/S Norge Talc, a 
subsidiary of the Jacob Kjode A/S shipping 
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firm, to resume the processing of ores 
mined in Norway and imported from 
abroad to produce high-quality micronized 
talc for world markets, especially the 
United Kingdom. Construction of ex- 
panded facilities continued throughout 
1970, and plans were mentioned for the 
eventual installation of equipment for the 
production and storage of other mineral 
products in addition to a variety of grades 
and specifications of talc for a diversity of 
applications. | 

United Kingdom.—A British journal 
published a series of papers outlining the 
international ramifications of the major or- 
ganizations that mine and process the 
world's industrial talc. One panoramic arti- 
cle sketched the talc position of the 
United Kingdom and gave an account of 
the activities of its principal foreign sup- 
pliers in Norway, France, Italy, mainland 
China, and India, together with a briefer 
view of talc operations in Australia, Aus- 
tria, Belgium, Finland, Japan, and the Re- 
public of Korea.2 Two large producing 
firms, one in France and one in Norway, 
were dealt with more extensively in indi- 
vidual articles.3 Details of the talc industry 
in the United States and of some of the 
international activities of a U.S.-based 
major world supplier were presented in 
four chapters of a subsequent issue.“ 


TECHNOLOGY 


Some of the most widely serviceable 
mineral pigments used in modern paint 
technology were discussed, together with 
the characteristic properties that determine 
their performance in specific applications, 
in a two-part journal article.5 

Exterior house paints that contain talc 
as the principal pigment, in addition to 
being resistant to discoloration by water 
drip from overhanging metallic objects, 
excel especially with regard to the quali- 
ties of viscosity, stability of suspension, 
ease of application, and durability in serv- 
ice. According to the 1969 data that were 
quoted, talc ranked third in both tonnage 
and value among the various mineral pig- 
ments consumed that year in the United 
States. Subsequent issues of the same mag- 
azine carried more extensive accounts of 
the principal ways in which talc serves 
many other needs of modern living and of 


the present state of the art of producing 
and preparing talc to meet those needs.6 
Research conducted by the Bureau of 
Mines led to the publication of a report 
presenting new data on the thermody- 


2 Industrial Minerals (London). Talc: UK Con- 
sumption Shows Gradual Rise. No. 40, January 
1971, pp. 19-23. 

. Pyrenean Producer: SA des Talcs de 
es The Operations of A/S Norwegian Talc. 
No. 40, January 1971, pp. 25, 27-28. 

. Talc in USA: Producers Fine Grind 
Se Upgrade. No. 41, February 1971, pp. 39-42. 

Mulryan, H. T. World- Wide Operations of 
United Sierra. Industrial Minerals (London). No. 
41, February 1971, pp. 43-45. 

Industrial Minerals (London). Talc Operations 
of Engelhard Minerals & Chemicals Corp. No. 41, 
February 1971, p. 46. 

. Vanderbilt in Talc. No. 41, 
1971, pp. 47-50. 

5 Industrial Minerals (London). Functional Min- 
eral Pigments: Part 1. No. 38, November 1970, 
pp. 35-40; Part 2. No. 39, December 1970, pp. 


1651. 

. Talc: Micronised Grades Lead the Way. 
No. 40, January 1971, pp. 9-17; also item cited 
in part 1 of footnote number 5 


February 


TALC, SOAPSTONE, AND PYROPHYLLITE 


namic properties of one of the talc-group 
minerals in the temperature range from 
51° K to 298° K (—377° F to +122° F). 


A process was patented for improving 
the brightness of gray or off-white talc to 
render it suitable for use as a pigment in 
light-colored paints.8 Patents were issued 
covering the use of talc in a mixture with 
wollastonite and kaolin to form a noncom- 
bustible covering material to be applied to 
the surfaces of less-refractory substances 9 
and with an oxidized asphalt, organic-mod- 


ified bentonite and other specified ingredi- 


ents to undercoat vehicle bodies for corro- 
sion control.10 


Talc is used as a low-cost filler for 
mixing with a number of specified ingredi- 
ents in a patented wettable insecticide 
powder 11 and as an essential component 
in an improved and easily workable grout- 
ing composition for filling joints, fissures, 
etc. With the specified ingredients, this 
preparation is said to be stable in 
storage.12 
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Talc, reduced to minus 50-millimicron 
particle size, was one of the substances 
specified for use in a patented method by 
which an electrically insulating surface 
layer can be induced by electrophoresis on 
the exterior of an article that, in itself, is 
electrically conducting.13 


T King, E. G., and W. W. Weller. Low-Tem- 
perature Heat Capacities and Entropies at 298.150 
K of Goethite and Pyrophyllite. BuMines Rept. 
of Inv. 7369, 1970, 6 pp. . 

5 Lundquist, J. D. (assigned to Georgia Kaolin 
Co., Elizabeth, N.J ). Talc Treatment and Talc 
Ton ADIOS Pigments. U.S. Pat. 3,533,821, Oct. 13, 


9 Schuti, J. B., and J. W. Stuart (assigned to 
U.S. National Aeronautics and Space Administra- 
tion). Fire Resistant Coating Composition. U.S. 
Pat. 3,493,401, Feb. 3, 1970. 

10 Miller, C. R., and P. J. Holtzapfel (assigned 
to Ashland Oil, Inc., Houston, Tex.). Corrosion 
Proofing Composition and Method. U.S. Pat. 
3,549,391, Dec. 22, 1970. 

11 Marrs, G. J. (assigned to Imperial Chemical 
Industries, Ltd.). (No title). British Pat. 
1,209,996, Oct. 28, 1970. 

12 (Patentee not named, no title, assigned to 
1 TRO USE Ltd.). French Pat. 2,009,310, Jan. 

, 1970. 

13 Flatz, J., and H. G. Seipp (assigned to Brown, 
Boveri & Co., Ltd.). (No title). British Pat. 
1,186,087, Apr. 2, 1970. 
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Thorium 


By Walter C. Woodmansee ' 


Domestic thorium production and de- 
mand remained relatively unchanged dur- 
ing 1970. There were no demand pressures 
because available supply was well in excess 
of consumption, owing to the fact that 
monazite sands are processed primarily for 
their rare-earth-oxide (REO) content. 

Private and Government research and 
development continued on thorium as a 
nuclear fuel. Construction was underway 
on the first fully commercial nuclear 
power reactor utilizing the Th232-U233 fuel 
cycle. The Atomic Energy Commission 
(AEC) estimates that annual demand may 
reach 500 tons of ThO, by 1980 if this ap- 
plication proves to be an economic and 
technologic success and 3,000 tons ThO, by 
1990 if thorium-fueled reactors effectively 
penetrate the nuclear power market.? 


DOMESTIC 


Mine Production.—Domestic thorium 
mine production was essentially all from 
the Humphreys Mining Co. placer opera- 
tion near Folkston, Ga., where monazite is 
a byproduct of titanium and zirconium re- 
covery. Although specific data are with- 
held, output of monazite, containing an 
estimated 55 percent REO and 5 percent 
ThOz, increased substantially in 1970, 
owing mainly to growing demand for the 
REO. Minor production of a low-grade 
monazite concentrate by Climax Molybde- 
num Co. at Climax, Colo., was discontin- 
ued. 

Kerr-McGee Chemical Corp. conducted 
pilot plant tests on a large heavy-mineral 
placer deposit, containing rutile, ilmenite, 
and zirconium, in addition to monazite, in 
Natchez Trace State Park, between Cam- 
den and Lexington, in western Tennessee. 
Recovery of byproduct monazite is sched- 
uled from a similar deposit near Green 
Cove Springs, in northern Florida, by 
mid-1972. The operating company, Tita- 


Legislation and Government Programs. 
—Effective January 1, 1970, ad valorem du- 
ties were reduced to 24 percent on thor- 
ium compounds, 8.5 percent on thorium 
metal, and 10 percent on thorium alloys 
under the “Kennedy round” schedule of 
tariff reductions. 

The U.S. Government's supplemental 
stockpile in the form of thorium nitrate 
remained at 1,832 tons ThO, equivalent, 
almost 1,800 tons ThO, equivalent in ex- 
cess of the reduced objective of 40 tons 
ThO»s equivalent. Although stockpile reduc- 
tions were authorized, no disposals were 
made in 1970. In addition, AEC main- 
tained its inventory of 1,775 tons Tho, 
equivalent in concentrates, compounds, and 
metal for nuclear research. 


PRODUCTION 


nium Enterprises, is a joint venture of 
American Cyanamid Co. and Union Camp 
Corp. The latter company controls the re- 
serves, which are in an area of its exten- 
sive forest holdings. 

Refinery Production.—Domestic output 
of thorium compounds, derived from the 
processing of monazite concentrates, also is 
not divulged to avoid disclosing individual 
company confidential data. These thorium 
compounds continued to be produced by 
two firms—Lindsay Rare Earths (formerly 
American Potash & Chemical Corp.), a 
subsidiary of Kerr-McGee Chemical Corp., 
at West Chicago, Ill, and the Davison 
Chemical Division of W. R. Grace & Co., at 
Chattanooga, Tenn. A number of compa- 
nies process and fabricate the various thor- 
ium compounds and thorium metal, 
mainly for use in nuclear fuel core compo- 
nents. 


1 Physical scientist, Division of Nonferrous Met- 


S. 
? U.S. Atomic Energy Commission. The Nuclear 
Industry, 1970. November 1970, pp. 46-47. 
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Table 1.—Principal companies with capacity for processing and 
fabricating thorium in 1970 1 


Facilities ° 


Company Location 

The Dow Chemical Co.................................- Midland, Mich.................. p. 
Gallard-Schlesinger Chemical as Corp Carle Place, Nite oda : 
General Electric Co... San Jose, Cali t. 

)))).õö;X j⁵« ́ ů r DOR led ven Wilmington, N. po or EE f. 
W. R. Grace & bc oo Chattanooga, Tenn p. 
Gulf General Atomic, Ine See San Diego, Cali p.f. 
Kerr-McGee Chemical Cord Cimarron, Okla................. p,f. 
Lindsay Rare Earth „„ West Chicago, Ill...............- p. 
National Lead cb oo Albany, N.Y ..................-- D; 
Nuclear Chemicals and Metals Cor -- Huntsville, Tenn. ............... p,f 
Nuclear Fuel Services, Inne rwin, Tenn p,f. 
nee Materials & Equipment Corp. (NUMEO).........- Apollo, Pa p, 

e EE Leechburg, Pa.................. f. 

nee Nuclear Specialties, Inne Jonesboro, Tenn................- p,f. 
United Nuclear Corp... -_-..-.---------------------------- Hematite, Ma ` p f. 

| Bo ebd eI ͤ r y r y New Haven, Conn p,f. 
Ventron r Beverly, Mass. _----.--------- p. 
Westinghouse Electric Cor zzz Bloomfield, N. JJJ7J2 . d 

8 ic 200. e de ³ c ³ Li Les ĩ ⁵⁵ 8 Columbia, S.C... ................ P 


1 Includes manufacturing of thorium-based nuclear fuels. 
2 p—processor; f—fabricator 
> Subsidiary of Kerr-McGee Chemical Corp. 


Principal Source: U.S. Atomic Energy Commission. The Nuclear Industry —1970. November 1970, pp. 82- 


Table 2.—Principal producers and 
fabricators of magnesium-thorium alloys 


Plant location 


Little Falls, N.J. 
Plainview, N.Y. 
Carpentersville, Ill. 
Minneapolis, Minn. 
Chicago, Ill. 


Madison, Ill. 
Lansdale, Pa. 
Bay City, Mich. 


! For The Dow Chemical Co., Midland, Mich. 
2 Ceased operations yearend 1970. 


Company 


American Light Alloys, Ine 
Controlled Castings Corp 
Hills-McCanna Co. .......... 
R. C. Hitchcock and Sons, Inc. 
Howard Foundry Co. ........ 
Phelps Dodge Aluminum 
Products Corp. 
Rolle Manufacturing Co. 
Wellman Dynamics Corp 


CONSUMPTION AND USES 


Nonenergy.—Domestic monazite is proc- 
essed primarily for its REO, and byprod- 
uct thorium therefore is produced in 
excess of demand, resulting in continued 
additions to stocks, U.S. industrial demand 
for thorium for nonenergy uses continued 
at an estimated 100 to 120 tons per year. 
The specialized nonenergy uses of thorium 
are limited by the fact that the metal and 


its alloys are vulnerable to substitution by 


other, less costly metals. Welsbach incan- 
descent gas-light mantles continued to ab- 
sorb an estimated 50 percent of tota] non- 
energy demand. Thorium magnesium hard- 
ener alloys, containing about 40 percent 
thorium, for use in making magnesium- 
base alloys (3 percent thorium) were the 
dominant nonenergy use for several years 
prior to 1966, but their use has dropped 
off to an estimated 30 percent of nonenergy 


demand in 1970. Dispersion-hardened alloys, 
where 2 percent ThO;s provides superior 
strength and corrosion resistance to such 
metals as nickel, cobalt, tungsten, and 
molybdenum at elevated temperatures, ac- 
counted for about 10 percent of 1970 de- 
mand. Miscellaneous chemical, refractory. 
electronic, and other uses for the oxide and 
the metal accounted for the remainder dur- 
ing 1970. 

Energy.—AEC continued to provide sup- 
port in research and development of con- 
verter and breeder reactor concepts utiliz- 
ing the Th,,,-U,,, fuel cycle. Small capa- 
city, thorium-fueled experimental or proto- 
type reactors continued to generate electric 
power at Elk River, Minn. (20-megawatt, 
water-cooled reactor) and Peach Bottom, 
Pa. (40-megawatt, gas-cooled reactor). The 
first fuel core of the Peach Bottom reactor 


THORIUM 


was replaced with an improved second core 
in 1970. 

Construction continued near Platteville, 
Colo., on the Fort St. Vrain, 330-mega- 
watt, high-temperature, gas-cooled reactor 
(HTGR), designed by Gulf General Atomic, 
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Inc., for the Public Service Co. of Colo- 
rado. This plant, scheduled for completion 
in 1972, is the first fully commercial appli- 
cation of the HTGR concept and the 
Th232-U233 fuel cycle. A 1,000-megawatt 
HTGR is in the design stage. 


PRICES 


The domestic nominal price on carload 
lots of monazite sand concentrate remained 
steady at $180 to $200 per long ton (based 
on REO only), equivalent to about 8 to 9 
cents per pound. The average price of im- 
ported monazite was $123.96 per short ton 
in 1970, compared with $117.50 in 1969. 

Prices listed for thorium compounds by 
the Davison Chemical Division, W. R. 
Grace & Co., Chattanooga, Tenn., in May 
1970 were in the following ranges, per 
pound, depending on quantity of purchase: 
Thorium nitrate, wire grade, 47 percent 
ThOs, $2.45-$2.50; thorium nitrate, mantle 
grade, 47 percent ThOs, $2.50-$2.55; ThOs, 


FOREIGN 


Exports.—Shipments of thorium ores and 
concentrates, listed in terms of ThO, con- 
tent, dropped markedly in 1970. Foreign 
shipments of thorium compounds, metal, 
and alloys are not differentiated from ura- 
nium in official trade statistics; the latter 
probably constitutes the bulk of these ex- 
ports. 


ceramic grade, 99.9 percent ThOz, $5.80- 
$10; and ThO;, refractory grade, 99.9 per- 
cent ThOz, $7-$11. Lindsay Rare Earths, 
West Chicago, Ill, quotations for 1970-71 
were as follows, per pound: Thorium salts, 
99.9 percent purity, $6 (chloride) -$65 
(iodide) ; nitrate, $2.55-$6; oxide, $7-$20; 
and oxalate, $4-$6. 

Quotations on thorium metal in pellets 
by American Metal Market remained 
steady at $15 per pound. Thorium-magne- 
sium hardener alloys (40 percent thorium) 
sold for about $5 per pound, based on 
thorium content at 40 percent and prevail- 
ing Magnesium prices. 


TRADE 


Imports.—Australia and Malaysia re- 
mained the principal foreign sources of 
monazite during 1970; these two countries 
accounted for 95 percent of U.S. imports 
of monazite during the year. Among the 
compounds, thorium nitrate in incandes- 
cent gas mantles was the most significant 
import; a modest price increase was indi- 
cated for this product. 
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WORLD REVIEW 


Australia, Brazil, India, and Malaysia ac- 
counted for almost all the estimated 
world production of monazite concentrates 
in 1970, exclusive of U.S. output, data on 
which are withheld. 

Canada.—Although thorium production 
was suspended by the Nuclear Products 
Dept., Rio Algom Mines Ltd., with closure 
of the Nordic mill at Elliot Lake, Ontario, 
in 1968, small quantities of a thorium sul- 
fate concentrate, called “thorium cake", were 
subsequently transferred from inventory to 
the Quirke refinery, which produced a 
metallurgical- grade ThOz (994 percent 
purity). This product was shipped to 
Dominion Magnesium, Ltd., Haley, Ontario, 
where 98- percent thorium sintered pellets 
and 99.5- Percent thorium powder were pro- 
duced. Output was limited (only 919 
pounds in 1969), because of weak demand. 

India.— The Minerals Division, Indian 
Rare Earths Ltd., produced 2,708 tons of 
monazite concentrate at Quilon during 
fiscal 1969-70. The Alwaye monazite plant 
was operated at partial capacity, based on 
markets for the rare-earths. Sales improved 
later in the year, and plant No. 2 at Man- 


WORLD 


Noncommunist world resources of thor- 
ium have been reevaluated for the Organi- 
zation for European Cooperation and 
Development. + “Reasonably assured" re- 
sources total more than 500,000 tons ThO,, 
and “estimated additional” resources are 
slightly below 1 million tons ThO,, at less 
than $10 per pound ThO, and present 


thorium technology. Most of these re- 


avalakurichi was reopened. Monazite sales 
during the fiscal year totaled 3,270 tons, 
valued at the equivalent of $1,375,600. The 
Indian Government paid $90,500 for thor- 
ium hydroxide, derived from the monazite.? 


Table 4.—Monazite concentrates: 
World production, by countries 


(Short tons) 


Country ! 1968 1969 1970 p 
Australia r 3,590 4,897 » 4, 400 
Bra!!! oe e r 1,864 2,204 *e2,200 
Ceyloon 4 62 18 
Congo (Kinshasa) NA 196 158 
India 22 3,789 2,708 » 3, 800 
Malagasy Republic...... 2. coder 

alaysia 3. r 2,357 2,264 1,827 
Nigeria 222 7 4 1,400 
Thailand ` 44 72 119 
United States W W W 

Total. r 11,699 11,919 13,922 

e Estimate. P Preliminary. * Revised. NA Not 

available. W Withheld to avoid disclosing individual 


company confidential data. 

1 In addition to the countries listed, Indonesia and 
North Korea produce monazite, but information is 
insufficient to make reliable estimates of output 
levels. 

2 Year beginning April 1. 

3 Exports. 


RESERVES 


sources are in monazite placer deposits, 
chiefly in India and Australia. 

The United States and Canada have 
large resources of nonmonazite thorium. An 
AEC report, published by the Idaho Bu- 
reau Of Mines and Geology, describes the 
Lemhi Pass deposits. Reserves are esti- 
mated at 100,000 tons "reasonably assured" 
and several hundred thousand tons “esti- 
mated additional" to depths of 3,000 feet.5 


TECHNOLOGY 


Nonenergy.—Systematic studies continued 
on the thermodynamics of formation of 
thorium-nickel alloys. Research involved 
the use of electromotive force cells with 
solid CaF2 as the electrolyte. 

Research at National Lead Co., resulted 
in a modification to the Ames process for 
production of thorium metal by reduction 
of ThF,, which reportedly makes the oper- 
ation safer and produces a higher quality 
metal. A dense, crystalline ThF,, amena- 


3 Indian Rare Earths Ltd. 20th Annual Report, 
1969-70, 38 pp. 

4 European Nuclear Energy Agericy and the In- 
ternational Atomic Energy Agency. Uranium Re- 
sources, Production and Demand. September 
1970, p. 39. 

5 Engineering and Mining Journal. V. 171, No. 
5, May 1970, p. 132. 

6 Skelton, W. H., N. J. Magnani, and J. F. 
Smith. Thermodynamics of Formation of Th-Ni 
Alloys. Met. Trans., v. 1, No. 7, July 1970, pp. 
1833-1837. 

1 Briggs, G. G., and J. H. Cavendish. Thorium 
Metal Production. Journal of Metals. V. 22, No. 
12, December 1970, pp. 25a-26a. 
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ble to rapid filtration and efficient wash- 
ing, was produced by precipitation. The 
use of nonhygroscopic ZnF, rather than 
ZnCl, as the source of zinc in the reduc- 
tion charge reduced the potential for hy- 
drogen generation by reaction between 
moisture and calcium metal, thereby re- 
ducing the explosion hazard. The use of 
ZnF, in the reduction process also permit- 
ted the use of CaF, slag from the reaction 
as liner material for the reduction vessels. 
This development reportedly improved the 
purity of the metal produced. 

A recent U.S. Bureau of Mines publica- 
tion contains data on U.S. and world thor- 
ium resources, technology, economics, and 
statistics.S 

Energy.—Except for the HTGR, studies 
on the technology of thorium-based nu- 
clear fuels have been limited to research 
and development. The AEC continued to 
provide support in research on and devel- 
opment of converter and breeder concepts 
utilizing the Th,..-U... fuel cycle. Fuel 
preparation, core development, materials 
irradiation, reprocessing, and equipment 
design and engineering were under investi- 
gation at the AEC's Oak Ridge National 
Laboratory (ORNL), Tenn., and by pri- 
vate industry. Irradiated thorium fuels 
were processed at AEC’s Savannah River 
and Hanford chemical separation plants to 
recover U,,,,, the fissionable isotope. 


In addition to work at ORNL, Gulf En- 
ergy and Environmental Systems, San 
Diego, Calif., continued its research on the 
HTGR, which operates on the thorium- 
uranium fuel cycle and uses helium as a 
coolant. Because of its high-efficiency, 
high-temperature steam cycle, the HTGR 
offers the near-term prospect for substan- 
tial improvement in fuel utilization. 


The 40-megawatt, gas-cooled power plant 
at Peach Bottom, Pa., which was success- 
fully refueled during the year, has oper- 
ated continuously since the refueling. 


According to Gulf Energy, the HTGR 
under construction at Fort St. Vrain, near 
Platteville, Colo., will produce 840 mega- 
watts of thermal energy steam at 2,400 
pounds per square inch and 1,000° F with 
reheat to about 1,000? C for generation of 
330 megawatts (net) electric power, or net 
plant efficiency of 39 percent. The quantity 
of U,,, bred is expected to equal about 
one-third the initial U charge. 


An HTGR design, capable of producing 


— 
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sufficient high-quality steam to generate 
1,100 megawatts in a conventional reheat 
steam cycle, was described at a recent 
conference.10 This concept is based on 
technology similar to the HTGR under 
construction in Colo., but several improve- 
ments in design improve safety and 
efficiency of operation and maintenance. 

At AEC's Bettis Atomic Power Labora- 
tory, work continued on development of a 
fuel core to demonstrate potential for 
breeding in the  light-water reactor 
(LWR), based on seed-blanket technology 
with the thorium-uranium fuel cycle, used 
at the Shippingport Atomic Power Station 
in Pennsylvania. This concept offers the 
prospect of LWR fuel utilization improved 
beyond the 1 to 2 percent of operating 
LWR's. Successful LWR breeding, with 
breeder cores installed in existing and fu- 
ture LWR's, would probably provide incen- 
tives for development of the extensive 
thorium resources in the western United 
States. 11 

AEC also requested proposals for a de- 
sign study of a 1,000-megawatt molten-salt 
breeder reactor (MSBR). There was also a 
significant increase in private efforts involv- 
ing this concept. The Molten Salt Breeder 
Reactor Associates, an association of five 
electric utility companies and a consulting 
engineering firm, completed Phase I of 
their study of the MSBR. In addition, 15 
utility companies and six major industrial 
companies formed the Molten Salt Group, 
which will jointly study MSBR technology, 
including the feasibility of thorium as a 
fuel.12 

The solubility of thorium in liquid bis- 
muth over a temperature range of 450° C 
to 900° C was investigated in connection 
with research on the processing of MSBR 
fuels. 13 Thorium acts as a selective reduc- 
tant of actinide and lanthanide elements, 


8 Parker, John G., and Charles T. Baroch. The 
Rare-Earth Elements, Yttrium, and Thorium. A 
Materials Survey. BuMines Inf. Circ. 8476, 1971, 


92 pp. 

9 Gulf General Atomic, Inc. Power for the 
World. 20 pp. 

10 Gulf General Atomic, Inc. Large HTGR De- 
sign Status. Proceedings of the Gas-Cooled Reac- 
tor Information Meeting, Oak Ridge National 
55 Conf.-700401, Apr. 27-30, 1970, pp. 
195- š 

11 U.S. Atomic Energy Commission. Annual Re- 
port to Congress. January 1971, pp. 158-160. 

12 Wall Street Journal. V. 176, No. 29, Aug. 
10, 1970, p. 17. 

13 Schilling, C. E., and L. M. Ferris. The Solu- 
bility of Thorium in Liquid Bismuth. J. Less- 
Common Metals (Amsterdam, Netherlands), v. 
20, No. 2, February 1970, pp. 155-169. 


and its solubility governs the reductant 


concentration. 


Technical data on thorium and its ap- 
plications to fuel technology were compiled 


recently. 14 


Similar 


publications 
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were 


planned on other ceramic compounds of 
thorium. 


14 U.S. Atomic Energy Commission, Oak Ridge 
National Laboratory. Thorium Ceramics Data 
Manual. V. 1, Oxides. ORNL-4503, September 
1970, 74 pp. 
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Tin 


By John R. Lewis * 


Free world tin supplies and demand 
were fairly close to balance in 1970. U.S. 
consumption of primary and secondary tin 
combined was off about 8.6 percent for the 
year, but greater use elsewhere helped to 
bring about the approach to a world bal- 
ance. 


In the United States, primary tin con- 
sumption was off 8.1 percent while second- 
ary was off 9.8 percent. Declines were most 
severe in the heavier tin-consuming sectors: 
tinplate (off 6.5 percent) bronze and brass 
(off 17 percent), and solder (off 5 percent). 
Exclusively as the mineral cassiterite (SnO;), 
tin is mined and smelted at many places 
around the world, mainly outside the 
United States. Most of the nation's primary 
tin metal came from Malaysia and Thailand 
in 1970 while less than 100 long tons were 
mined domestically from widely scattered 
mines in the western States and Alaska. 
The United States continued to lead the 
world in the recovery and use of reclaimed 
(secondary) tin during 1970, and around 
one-third of the national supply came from 
scrap smelted in about 85 smelters located 
all across the country. 


After a year of primary tin smelting in- 
activity, the only major smelter-refinery in 
the United States, Gulf Chemical and Met- 
allurgical Corp. at Texas City, Tex., began 
the smelting of Bolivian tin concentrates 
under a toll agreement with the Bolivian 


Mining Corp. (COMIBOL). COMIBOL, in 
turn, offered the tin to U.S. consumers 
through its New York City office. 

Legislation and Government Programs.— 
There was no legislation directly affecting 
tin during 1970. 

No strategic stockpile tin was disposed of 
by the General Services Administration 
(GSA) through commercial channels dur- 
ing the year. Slightly more than 3,065 long 
tons were shipped by GSA; some were in 
small, intragovernmental transfers, but the 
bulk was shipped under programs of the 
Agency for International Development 
(AID). The stockpile objective remained 
at 232,000 long tons, and at the end of the 
year there was an excess of about 20,000 
long tons on hand. 

On December 9, 1970, a U.S. House of 
Representatives Armed Services Subcom- 
mittee held a factfinding hearing on the 
excess of tin in the stockpile. The Subcom- 
mittee chairman stated that no new legis- 
lation or new commitments were under 
consideration, and he pointed out that 
GSA already had authority to sell the ex- 
cess. The witnesses, from Government, tin- 
plate mills, and the Texas City tin 
smelter, were divided in their points of 
view. By the end of 1970, no subsequent 
action had been taken by the Subcommit- 
tee, nor did any appear imminent. 


1 Physical scientist, Division of Nonferrous Met- 
als. 


Table 1.—Salient tin statistics 
(Long tons) 


United States: 
Production: 


AAA ere 
Exports (exports and reexports)...............- 


Imports for consumption: 


Métal... te ⁰⁰ k- a 
Ore (tin content). 2 eee 


Consumption: 


Primas aras 
A .. 2.2222 22222222222-- 


Price: Straits tin, in New York, average cents per 


P ³o· A o oa 


NA Not available. 


1966 1967 1968 1969 1970 
dat 97 W W W W 
— 3,825 3,048 3,453 345 NA 
— 25,34 22,667 22,495 22,775 20,001 
E 2,847 2,479 4,495 2,903 4,452 
--- 41,699 50,223 57,358 54,950 50,554 
— 4,312 3,255 2,439 ....... 4,467 
--- 60,185 57,848 58,859 57,730 53,027 
--- 25,277 22,790 23,102 23,060 20,802 
--- 164.02 153.405 148.111 164.435 174.135 
-.. 208,071 214,233 228,332 224,079 226,569 
--- 200,510 219,175 229,564 223,426 222,206 


W Withheld to avoid disclosing individual company confidential data. 
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DOMESTIC PRODUCTION 


PRIMARY TIN 


Mine Production.—Annual production of 
tin in the United States was again in 1970 
somewhat less than 100 long tons. Most of 
the year’s output came from Colorado, a 
byproduct of the mining of molybdenum. 

A Toronto-based exploration firm, P.C.E. 
Explorations, with an interest in Lost 
River Mining Corp.’s fluorite-tin-tungsten 
acreage on the Seward Penninsula west of 
Nome, Alaska, spent the summer on an ex- 
tensive core-drilling program. Although the 
major effort was in search of fluorite, at 
least one multimineral reserve (10 million 
tons of fluorite-tin-tungsten ores) was es- 
tablished, Based upon tests, tin concen- 
trates of 70 percent with overall recoveries 
of 80 to 85 percent appeared feasible from 
this area, and fluorite possibilities far out- 
shone others. 

Smelter Production.—The only tin smelt- 
er in the United States is the Texas City, 
Tex., facility of Gulf Chemical and Met- 
allurgical Corp. In 1970 it operated on 
Bolivian tin concentrates which formed the 
base load together with low-cost reclaimed 
domestic industrial residues to complete 
the feed. The smelter performed these 
functions as a contract toll converter of 
Bolivia's state-owned COMIBOL, and the 
resulting metal was then sold by COMI- 
BOL to U.S. consumers. A total of 6,000 
long tons of tin were involved in the con- 
tract but only about half was processed by 
yearend. Thus, to all intents and purposes, 
U.S. consumers were wholly dependent 
upon foreign tin in 1970. 


SECONDARY TIN 


The United States is the world's leader 
in the production of recycled, or second- 
ary, tin. The United Kingdom, the Federal 
Republic of Germany, Austria, and Aus- 
tralia also produce secondary tin in signifi- 
cant quantities. 

Eighty-five percent of the tin recycled 
during 1970 did not exist as bar, pig, or 
other types of actual metal, but as an 
alloy constituent of bronzes, brasses, sol- 
ders, bearing and type metals, etc. A small 
amount also remains in chemical com- 
pounds. Only about 15 percent of the recy- 
cled tin, mostly from new tinplate scrap, 


finds its way to market as metal. It ac- 


counts for only four percent of the total 
tin supplied to U.S. consumers in 1970, a 
proportion which does not vary apprecia- 
bly from year to year. 

Secondary tin furnishes 28 to 30 percent 
of the total tin supplied to U.S. markets 
each year. However, secondary tin pro- 


Table 2.—Secondary tin recovered from 
scrap processed at detinning plants 
in the United States 


1969 1970 
Tinplate scrap 
treated ! |....... long tons.. 831,713 771,415 
Tin recovered from tinplate 
scrap in the form of— | 
etal......... long tons 2,420 1,988 
Compounds 
(tin content). .... do 560 620 
Total 2 do- 2, 980 2, 608 
Weight of tin com- 
pounds produced —— do- r 990 1. 104 
Average quantity of tin 
recovered per long ton of 
tinplate scrap used. pounds 8.03 7. 57 
Average delivered cost of tin- 
plate scrap__ per long ton $26.35 $36.28 
r Revised. 


1 Tinplate elip pings and old tin-coated containers 
have been combined to avoid disclosing individual 
company confidential data. 

2 In addition, detinners recovered 489 long tons 
(413 tons in 1969) of tin as metal and in compounds 
from tin-base scrap and residues in 1970. 


Table 3.—Tin recovered from scrap 
processed in the United States, by 
form of recovery 


(Long tons) 
Form of recovery 1969 1970 
Tin metal: 
At detinning plants 2,813 2,397 
At other plants 209 177 
rr 3,022 2, 574 


Bronze and brass: 


From ropper ae scrap.... 11,513 9,191 


From lead and tin-base 

( A 146 86 

Ot AA 11,659 9,277 
Solder 4, 645 4, 898 
Type metall 1,497 1,517 
Babbitt E Ne EE 817 683 
Antimonial leadde 510 351 
Chemical compounds 584 700 
Miscellaneous l 41 1 
Total -sosai soe 8,094 8,150 

Grand total 2,715 20,001 

Value (thousands)... Ed 825 $77,956 


1 Includes foil, cable lead, and terne metal. 


TIN 


duced in this country was off in 1970 by 
some 2,774 long tons (12 percent), proba- 
bly due to reduced overall tin consump- 
tion. 

In the United States, there are five com- 
panies, located in 11 States, engaged in the 
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detinning business. At least one firm 
occasionally detins used cans supplied by 
nearby social, religious, or community serv- 
ice groups, but normally the raw materials 
used are tinplate scrap and spent chemi- 
cals or tinning solutions. 


CONSUMPTION 


Consumption of primary and secondary 
tin, taken together, was off 8.6 percent in 
1970. Secondary tin consumption dropped 
9.8 percent, while primary tin was off 8.1 
percent. A general slowdown in utilization 
of most of the major tin alloys, such as 
brass and bronze (off 17.3 percent), bab- 
bitt (off 7.6 percent), collapsible tubes and 
foil (off 24.8 percent), and solder (off 5.2 
percent) was a contributing factor. Imports 
of some of these alloys, notably brass, also 
contributed to the downtrend. The tinplate 
industry, by far the largest consuming sec- 
tor, showed a 6.5 percent drop in tin con- 
sumed in 1970, Mostly primary tin is used 
in the making of tinplate, which accounted 
for 47 percent of all primary tin consumed 
during the year. Inroads by tin-free steel 
and aluminum as alternates to tin in the 
making of cans, together with sizable im- 
ports of tinplate itself, contributed to the 
lower consumption rate for primary tin in 
1970. It should be pointed out that alumi- 
num cans comprised 10.2 percent of the 
total cans shipped in 1970, up from 8.1 
percent the year before. As 1970 began, 
there were nine steel companies engaged in 
the making of tinplate in 16 mills. During 
the year, Inland Steel Co. and Republic 
Steel Corp. announced their intention to 
phase themselves out of the tinplate busi- 


ness as a matter of profitability, and by 
yearend had almost completed the process. 

Consumption of tin for use in chemi- 
cals, tin oxide, and in a few minor miscel- 
laneous applications improved during 1970, 
but the tonnages involved were minimal. 
Use of tin in chemicals was expected to 
grow as tin is substituted for mercury in 
many chemicals, particularly insecticides, 
fungicides, and the like, It is estimated 
that 1970 American-built autombiles con- 
tained an average of 114 pounds of tin per 
vehicle, from 14 to 1 pound of which was 
used as solder alloy in the copper radiator. 
Body solders, wire coating, engine bearings, 
fuel tank coatings, air cleaners, and oil fil- 
ters were also uses of tin by the automo- 
tive sector. 

A detailed study, “Trends in the Use of 
Tin," was released by the National Mate- 
rials Advisory Board (NMAB) in March 
1970. Consumption of tin, by major use 
categories, in 1970 and 1977, as compared 
with 1968, are set forth and are based 
upon presently-known trends and impend- 
ing developments.? 


2 Trends in the Use of Tin. A Report of the 
National Materials Advisory Board of the Na- 
tional Research Council. National Technical In- 
formation Service, U.S. Department of Commerce, 
Springfield, Va. 22151, March 1970. 
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Table 4.—Shipments of metal cans 1 


(Thousand base boxes) 

1970 
Type of can 1969 r 1970 p change, 
percent 

FOOD AND BEVERAGES 

Fruit and fruit juicſe s 15,304 13,887 —12.8 
Vegetables and vegetable juices JͤĩðVW & ĩͤ ß 8 23,365 24,058 +8,0 
Milk, evaporated and condensſuu·eqd)̃ꝛ·üdd 2,939 2,534 —13.8 
Other er ß , 593 585 —1.3 
Soft eh EE 23,527 26,197 +11.3 
Peer ¿amo . . A SSE 83,416 87,593 +12.5 
Meat and poallll.nrrr 8,862 8,718 —3.9 
Fish and other sea foods 2,653 8,450 --30.0 
A A A aul uc ML 8 4,215 8,766 —10.7 
Lard and shortening. _-___-__..--.------- +. eee eee eee 1,658 1,734 +4.6 
BRADY LOO td Le aa at LEE eels E 1,009 1,058 +4,4 

Pet lood u uy; Sn A ß 6,162 6,524 +5. 
All other foods, including soung „ 13,846 14,017 +1.2 
Total A ffäꝗ aa SA E A ee eae et 132,549 138,561 +4.5 

NONFOOD 
OTB seit Ss e AAA ses eee 2,954 3,108 --5.2 
Paint and varnishi... EE 4,845 4,886 +0,8 
III.... -d 890 816 8.3 
Pressure packing (valve typeeꝛꝛꝛdddʒ . . . .. . .. . .. cle LLL lc 2l... 5,105 5,432 +6.4 
ore nee ] kd cta E LR EC 6,274 6,481 +8.3 
Ü U E AA AI 20,068 20,723 ＋3. 3 
r ⁰ow IAA A ed e 152,617 159,284 +4.4 
BY METAL 

Steel base boxe 1e, 535 m. 049 +2.0 
Short tons (thousand 2-2 222.2 eee 699 +2.0 
Aluminum base boxes 12 369 16: 235 +81.3 
Short tons (thousand 270 854 +31.1 


r Revised. » Preliminary. 

1 Includes tinplate and aluminum cans. 

2 The base box, a unit commonly used in the tinplate industry, equals 31,360 sq. in. of plate or 82,720 sq. in. 
of total surface area. 


Sources: U.S. Department of Commerce; The Malayan Tin Bureau, Washington, D.C. 
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Table 6.—Consumption of primary and secondary tin in the United States 


(Long tons) 
1966 1967 1968 1969 1970 
Stocks Jal tic enm utes 37,277 32,718 30,087 28,152 23,441 
Net receipts during year: 
PrMary ere 56,869 56,324 59,018 55,125 52,166 
Secondary u eee eee eee eee 2,713 2,884 2,101 2,325 2,424 
Serap A AI . ß SS sa 23,654 21,492 21,919 21,624 19,748 
Total ee ull. a 83,236 80,700 838,038 79,074 74,338 
Total available. 120,513 113,418 113,125 107,226 97,779 
Tin consumed in manufactured products: 
Primary AAA ⁰ ³ A 60,185 57,848 58,859 57,730 53, 027 
l ³oð¹w ꝛ m ³ 25,277 22,790 23,102 23,060 20,802 
öĩÄßÜ .. 85,462 80,638 81,961 80,790 73,829 
Intercompany transactions in scra :: 2,993 2,693 3,012 2,95 2,785 
Total processed. ` ------------------------------ 87,795 83,331 84,973 83,785 76,614 
Stocks Dec. 31 (total available less total processed)....... 32,718 30,087 28,152 23,441 21,165 


1 Stocks shown exclude tin in transit or in other warehouses on Jan. 1, as follows: 1966—135 tons; 1967—90 
tons; 1968—20 tons; 1969—1,185 tons; 1970—-80 tons; and 1971—10 tons. 


Table 7.—Tin content of tinplate produced in the United States 


Tinplate (hot-dipped) Tinplate (electrolytic) Tinplate Total tinplate (all forms) 
————————————— ————————— ——— BB LE — k ˙ 4 x1:lk1„ßvd — 
waste, 
Tin Tin strips, Tin 
Year Gross Tin per Gross Tin per cobbles, Gross Tin per 
weight content short weight content short etc., weight content! short 
(short (long ton of short (long ton of gross (short (long ton of 
tons) tons) plate tons) tons) plate weight tons) tons) plate 
(pounds) (pounds) (short (pounds) 
tons) 
1966. ` 42,290 366 19.4 5,154,550 28,194 12.8 675,558 5,872,898 28,560 10.9 
1967..... 26,612 263 22.2 5,544,987 29,289 11.9 743,689 6,315,288 29,552 10.5 
1968..... (2) (2) (2) (2) (2) (2) 682,792 6,088,345 28,839 10.6 
1969..... (2) (2) (2) (2) (2) (2) 581,594 5,944,758 26,886 10.1 
1970_____ (2) (2) (2) (2) (2) (2) 625,998 5,590,038 25,127 10.1 


1 Includes small tonnage of secondary tin and tin acquired in chemicals. 
á 2 éier dée and electrolytic tinplate have been combined to avoid disclosing individual company confi- 
ential data. 


Table 8.—Consumers receipts of primary tin, by brands 
(Long tons) 


Year Banka English Katanga Straits Thaisarco Others Total 
1960 car Gis ees 709 433 95 30,560 9,815 115,257 56,869 
// 404 704 91 31,980 13,400 19,745 56,324 
1 9·ĩ y 305 950 12 41,048 11,600 5,103 59,018 
1969. e kr- 95 1.275 30 37,350 13,200 3,175 55,125 


IU src do 1,320 315 10 32,385 15,300 2,836 52,166 


1 Includes GSA receipts not reported under specific brands. 
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Table 9.—Consumption of tin in the United States, by finished products 


(Long tons of contained tin) 


1969 1970 
Primary Secondary Total Primary Secondary Total 
Alloys (miscellaneous) 477 192 669 407 133 540 
Babbitt JJ Aiea ie Oa eae ie MERC 2,128 1,378 3,506 1,944 1,297 3,241 
Par AA ß us LIU 1,009 34 1,043 1,019 33 1,052 
Bronze and brass 4,155 12,371 16,526 3,387 10,279 13,666 
Chemicals including tin oxide 1,857 1,250 3,107 1,671 1,524 3,195 
Collapsible tubes and foil! 1,114 29 1,143 85 5 860 
Pipe and tubing 4 48 2 3 26 
Soldër 23. EE s s 14,936 6,347 21,283 13,910 6,274 20,184 
Terne metů .. cw coos 207 181 388 222 47 269 
Finn! IA 2,238 51 2,289 2,080 63 2,143 
ö acta cacas ne 26,886 ........ 26,886 20,12) assanis 25,127 
Tin powder 213 61 1.274 „011 48 1,059 
Type metal_____ enc RC eA. 116 994 1,110 145 964 1,109 
hite metal 1,266 118 1,384 1,156 40 1,196 
Other AN A A 49 134 70 92 162 
Total; uu uc; AA S u eee 57,730 23,060 80,790 53,027 20,802 73,829 


1 Includes secondary pig tin and tin acquired in chemicals. 
2 Includes pewter, britannia metal, and jewelers’ metal. 


STOCKS 


The tinplate mills of the United States 
are the largest users of primary tin. Plans 
announced during 1970 to reduce ware- 
house stocks of fabricated sheets of can 
stock as well as of primary tin metal 
began to manifest themselves by yearend 
when primary tin stocks were found to be 
23 percent below stocks 1 year previously. 

An overall downward trend in industrial 
stocks of tin in the United States, which 
began in 1966, persisted in 1970. The 
grand total of stocks of all tin in the 
hands of, or enroute to, U.S. industrial 
consumers was off 14 percent on December 
31, 1970, from stocks at yearend 1969, 
which in turn were off 14.8 percent from 
the year before that. In addition to the 
23-percent reduction of primary metal 


stocks, the volume afloat at yearend 1970 
was down. However the volume afloat at 
yearend 1969 was abnormally high, and 
shipments in December 1970 from Malay- 
sia, principal supplier to the United States, 
were temporarily very low. On the other 
hand, stocks of secondary tin on hand at 
the end of 1970 appeared to be about 5 
percent higher than those of a year earlier, 
probably reflecting slightly reduced de- 
mand with an accompanying inventory 
buildup. 

An important factor in increased stocks 
of tin in process in 1970 was the greater 
use of tin in the making of float glass 
(plate). Tin in the float glass vats is arbi- 
trarily carried as “in process”. Losses from 
the vats are minimal. 


Table 10.—U.S. industry yearend tin stocks 
(Long tons) 


Plant raw materials: 
Pig tin: 
A AA ] ̃ mͥ Tas asus 
Secondary. ecd . MD Da cia 
In presse... ade RE EA EE m RM 


Additional pig tin: 
In transit in United States 
dobbers-Amporterg --.----------------------- 
Afloat to United States 


1966 1967 1968 1969 1970 
20,531 17,044 15,975 12,281. 9,451 
276 283 215 253 222 
11,911 12,760 11,962 10,907 11,492 
32,718 30,087 28,152 23,441 21,165 
90 20 1,185 80 10 
21,790 1,315 1,182 1,210 1,635 


—— ——— • 4 — — r msn - ——Tlaulsnr-m m. T V n WI 


36,312 35,909 30,596 26,310 


1 Tin content, including scrap. 


2 Includes GSA as follows: 1,539 tons end of December 1966, sold but not delivered; 428 tons end of December 


1967, sold but not delivered. 
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PRICES 


The world metal markets saw London 
tin prices go from around £1,535 per me- 
tric ton in an erratic and generally slow 
January to £1,649 per ton around April 20, 
1970, A surge of buying began to be ob- 
vious around April 10, when the price 
reached the International Tin Council 
(ITC) “must sell” level of £1,605; London 
Metal Exchange sources maintained that it 
was caused by speculators. On the after- 
noon of April 16, 1970, the Chairman of 
the ITC issued this communique from 
London: “The Buffer Stock Manager has, 


in accordance with Article XI 3 (a) of the 
(Third International Tin) Agreement, of- 
fered available cash tin for sale on the 
London Metal Exchange at the ceiling 
price. The cash tin at the Manager's dis- 
posal at present is exhausted, but the 
Manager still has, as a result of the nature 
and location of his holdings, tin metal at 
his disposal.” It was speculated that he 
had between 500 and 1,500 tons, possibly 
in transit or so located that it was not im- 
mediately available for delivery. 


Table 11.—Monthly prices of Straits tin for prompt delivery in New York 


(Cents per pound) 


1969 
Low 


Month 
High 

aun eth dd 165.000 
Februar/7/7/ 167. 500 
Ne eie uki Qos 162. 500 
ee ß ua 159.250 
BY soe ͤ ee ĩ EEN 158.000 
Jule as ato EE 160.000 
TU ratos ae delia cee ao att 166.000 
August____ ii 167.250 
Septembertktrkr . 167. 000 
October- -2222an 168.250 
November 186. 750 
Decembbe r 187. 500 
Average 187. 500 


Source: American Metal Market. 


1970 

Average High Low Average 
000 162. 500 184. 500 174. 000 179.169 
000 165.184 177.250 170.000 174.910 
500 155.524 179.250 175.500 177.125 
250 156.810 188.000 178.750 183.875 
500 156.666 185.500 172.500 180.538 
500 159.000 175.000 166.250 170.227 
250 162.000 166.250 163.750 164.773 
000 165.905 178.500 165.000 174.512 
750 165.643 177.250 173.500 174.738 
000 166.707 174.500 171.750 173.648 
500 175.956 174.000 169.000 172.250 
500 181.321 170.250 160.500 163 . 852 
500 164.435 188.000 160.500 174.135 


FOREIGN TRADE 


For the most part during 1970 the 
United States continued to depend upon 
foreign sources for tin. The small volume 
of ore mined in the United States is 
smelted each year at various plants around 
the western world, and in 1970 some Bo- 
livian tin which was toll-smelted in the 
United States went to U.S, consumers. Ma- 
laysia furnished 63 percent of the tin im- 
ported into the United States in 1970 
against 69 percent 1 year earlier. The 
Phuket smelter, Thailand's only smelting 
facility, furnished 30 percent of the U.S. 
imports of primary tin in 1970 against 25 
percent in 1969. Five other nations—Aus- 
tralia, Brazil, Indonesia, Nigeria, and the 
United Kingdom—combined to furnish 6.1 
percent of U.S. tin requirements in 1970. 
Reductions in imports of primary tin metal 
were very nearly parallel to reductions in 
consumption in 1970; imports were off 8 


percent from the previous year, while U.S. 
primary tin consumption was off 8.1 per- 
cent in the same period. 

A table, “U.S. imports for consumption 
of tin concentrate, by countries,” is usually 
included at this point in this discussion. 
However, there were no imports of tin 
concentrate in 1969. In 1970, a total of 
4,667 long tons of tin concentrate, valued 
at $13,987,000, arrived from Bolivia. This 
was all that was imported, and it was in- 
volved in the toll-smelting agreement be- 
tween Bolivia's COMIBOL and the Texas 
City tin smelter. Details of the agreement 
are presented in the section entitled 
“Smelter Production.” Imports of tin con- 
centrate in 1968 totalled 2,439 long tons of 
which 2,337 tons came from Bolivia. The 
balance came from Australia, 96 tons, and 
the Congo (Kinshasa) , 6 tons. 
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TIN 


Minor tonnages of secondary tin enter 
the United States as alloy constituents in 
recyclable solders or other alloys or as tin- 
plate or other scrap, dross, skimmings, and 
residues. These volumes find their way 
into consumption figures and account for 
the differences normally encountered be- 
tween U.S. production and consumption of 


Table 13.—U.S. imports for consumption 
manufactures, and 
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secondary tin. That tin which is a constit- 
uent alloy in imports and exports of bab- 
bitt, solder, type metal, and bronze is 
shown in the Minerals Yearbook chapters 
on “Copper” and "Lead." Ferrous scrap 
exports, including those of tinplate and 
terneplate scrap, are not classified sepa- 
rately. 


and exports of miscellaneous tin, tin 
tin compounds 


Miscellaneous tin and manufactures 


Tin compounds 


Imports Exports Imports 
Tinfoil, Tin scrap 
tin powder, and other 
Year flitters, Dross, skimmings, tin bearing 
metallics, scrap, residues, material, 
tin and and tin alloys, n.s.p.f. except Long Value 
manufactures, tinplate tons (thousands) 
n.s.p.f. scrap 
Value Long Value Value 
(thousands) tons (thousands) (thousands) 
1968........ $2 , 742 487 $532 $2,676 39 $81 
1969........ ,458 948 1,052 4,825 22 71 
19102. x 4,311 776 275 2,466 272 817 
Table 14.—U.S. imports for consumption of tin 1, by countries 
1969 1970 
Country Long Value Long Value 
tons (thousands) tons (thousands) 
SE NEE 330 $1,346 441 $1,505 
Belgium- Luxembourg 31 106 11 42 
7)Jöͤ ].Q%́u ü; t . 388 1,452 
Canadas A Sum Mi CLE r 24 r 89 2 15 
Germany, West 7 (2) 1 
III a Za Lee Ui 25 80; Sees f.... 8 
Ine ð v D tere 20 745 1,360 4,985 
Malaysia ouija kr lil aldea r 37,945 r 127,857 31,819 118,619 
Netherlands ð ß ĩ y 267 901 70 283 
Ä Ä ↄ ²˙²˙ꝛ¹wꝛ»Aĩ¹³ %² AAA m 5mm c a IE 170 590 481 1,885 
IN OR WAY ooa eccL ; o de è K e A SA 5 19 
Sh a ⁰⁰ e ei ce 40 T32 els cue See ee 
Gel lie 20 68 72 280 
South Vietnam_____ so See EE EE 50 1595 A „ 
AAA ⅛oð. r A 24 89 98 402 
Ih dee e ⁰ʒ y asss e ans 13,946 46,206 15,395 56,678 
United Kingdom. .................-.-.... 2l... 1,873 6,669 412 1,496 
ju ci PERROS 54,950 185,037 50,554 187,662 
r Revised. 


1 Bars, blocks, pigs, grain, or granulated. 
2 Less than l4 unit. 


WORLD REVIEW 


INTERNATIONAL TIN AGREEMENT 


The International Tin Council met four 
times during 1970, a year which saw unu- 
sual activity and some changes in the op- 
erational procedures of the Council. 
Because of an outdated range of prices 


under which the Buffer Stock Manager 
bought and sold, his function had been re- 
stricted late in 1969, "This restriction was 
continued at the 15th Council meeting of 
the Third International Tin Agreement in 
London on January 13-14, 1970. Late in 
February, at the 16th meeting, it was de- 
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termined that the restrictions were no 
longer needed, and they were rescinded 
effective March 1, 1970. At the 18th meet- 
ing on October 19-21, the Council agreed 
to revise all prices in the Tin Agreement 
as follows: 


Prices in dollars per long ton 
Old New 


Floor price. ....... 2,976 9,188 
Lower sector 2,976 to 3,259 3,188 to 3,448 
8,259 to 3,519 3,448 to 3,637 
Upper sector 3,519 to 3,790 3,687 to 3,897 
Ceiling price 3,790 3,897 


Purchases continued at a rapid pace 
until about April 20th when the London 
spot prices was up to £1,649 per ton and 
the New York price was at $1.87 per 
pound. In early May, profit taking forced 
prices into a retreat culminating in a 
sharp break in New York on May 26 when 
the spot price went down to $1.73 per 
pound. By mid-June, prices had begun to 
firm, but the world markets grew nervous 
on rumors of a possible sale of tin by GSA 
from the strategic stockpile, which did not 
materialize. 

By mid-August, tin prices had again 
gone up into ITC's upper range, and clam- 
our became intense for new ITC floor 
and ceiling prices. An increase of £100 per 
metric ton to a floor of £1,360 and ceiling 
of £1,705 was one suggestion from Malay- 
sian interests. On October 21, 1970, ITC, 
at its regular quarterly meeting, raised its 
price structure as tabulated above. Prices 
then moved more or less quietly down for 
the remainder of 1970. 


The average price paid on the New 
York metal market for prompt delivery of 
Straits (Malaysian) tin during 1970 was 
about $1.74 per pound. This was the high- 
est annual average price since 1965. 
Throughout 1970, the New York monthly 
average price did not deviate more than 10 
cents per pound for the $1.74 annual aver- 
age. The only spectacular fluctuation was 
that at mid-April, which was short-lived 
enough not to be a big factor in the 
monthly average. 


There were no adjustments during 1970 
in the number of votes held by each of 
the seven producing members of the Coun- 
cil. However, Israel withdrew from among 
the 20 consuming members, and their real- 
located votes at yearend were as follows: 
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Australia 44 Japan 229 
Austria 10 Korea........... 8 
Belgium- Mexico 21 

Luxembourg 32 Netherlands 49 
Candida 49 Poland 39 
Czechoslovakia 36 Spain 24 

enmark__._.... 12 urkey.........- 14 
France 108 United Kingdom 177 
Hungary. - ---.-- 16 Yugoslavia. ` 20 

ndia...........- 46 

Italy............ 66 1,000 


The Thírd Agreement, under which the 
Council operated in 1970, was to expire on 
June 30, 1971. In preparation for the con- 
tinuation of this unique arrangement, a 
United Nations sponsored group convened 
in Geneva, Switzerland, on April 13, 1970, 
to draw up a fourth 5-year agreement. 
Thirty-eight nations were represented at 
the conference including such nonmember 
consumer nations as the United States, 
U.S.S.R., and the Federal Republic of Ger- 
many. Agreement was reached on May 15, 
1970, and the document was circulated for 
ratification by partícipating tin consuming 
and producing nations prior to its taking 
effect July 1, 1971. 

The Fourth Agreement will be in effect 
until June 30, 1976. The objectives remain 
basically unchanged: maintenance of a bal- 
ance between world tin production and 
consumption, prevention of excessive price 
fluctuations, and increased export earnings 
for producer countries. A combination of 
the buffer stock and export controls pro- 
vides the mechanism for achieving these 
objectives. In the new agreement, greater 
flexibility in buffer stock operations is 
provided for through wider price ranges. 
The buffer stock remains unchanged at 
20,000 métric tons, with continued compul- 
sory contributions by the producing mem- 
ber nations only. Provision is made for 
voluntary contributions from any country 
so inclined. 

Among modifications to be incorporated 
in the fourth version were those recogniz- 
ing certain criteria of the International 
Monetary Fund (IMF) under which ap- 
propriate facilities of the Fund might be 
used by ITC member nations in connec- 
tion with the financing of their contribu- 
tions to the buffer stock. To be eligible, 
IMF emphasized, a member country must 
have a balance of payments need for assist- 
ance. 

In June 1970 the Council agreed to 
hold, in cooperation with the Tin Re- 
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search Institute, an international confer- 
ence on tin consumption in London in 
March 1972. 

For a discussion of action by the ITC's 
Buffer Stock Manager, see section on 
“Prices.” 

Bolivia.—The three groups of mining en- 
terprises (small, medium, and COMIBOL) 
produced a very slightly smaller amount of 
tin concentrates in 1970, reversing a 7-year 
growth trend. However, the nation had no 
difficulty in maintaining its position as the 
world's second largest tin producer. 

COMIBOL, the State-owned mining 
company and Bolivia's leader in the field, 
experienced an increase in effective costs to 
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place a pound of tin on the market from 
$1.329 per pound during the first half of 
1969 to $1.465, a rise of 13.6 cents per 
pound. An increase in the labor force at 
work in the tin mines from 20,736 workers 
in June 1969 to 21,709 workers 1 year later 
was held largely responsible for the in- 
crease. 

Under Governmental decrees, Bolivia's 
tin producers must offer all tin concen- 
trates first to Empresa Nacional de Fundi- 
ciones (ENAF), the State smelting enter- 
prise. Producers must also obtain 
ermission from the Ministry of Mines be- 
fore they may export concentrates. In 1970, 
ENAF lit the reverberatory furnace in its 


Table 15.—Tin (content of ore): World mine production, by countries 1 


(Long tons) 
Country 1968 1969 1970 p 
North America: 
E A AS A 5m KK. r 115 120 354 
MITO EE 518 e 502 594 
United States. ascii ⁰⁰ il W W W 
South America: 
l, ð 701 855 e 900 
AAA E A ee See eae r 29,101 29,572 28,916 
ff ³ow-q ð;-- ee al da r 2,824 2,458 2,798 
Peru (recoverableꝛ7ddd eee 9 83 104 
Mops: 
Sense Cela a 162 155 163 
PP6vdddfft ³ dd ua ic sss A A EIE ee r 368 252 283 
Germany, Bast? MEME" 1,000 1,000 1,000 
Portugal oa ta E Ranu r 624 438 374 
AA A O ⁰õꝗyd CREE r 120 125 200 
D.S.SR:5 E s motu E en a EA ⁰ Si usa 26,000 27,000 27,000 
United Kingdom. ___. 2. 2.2. 222-2222 lll c 22222222222 1,798 1,622 1,695 
Africa: 
Byrn) RE 116 83 98 
NET EEN 41 29 35 
Congo (Brazzavilleůueaʒꝝdʒ LLL LLL cl L2 L2 222222222222 26 20 20 
Congo (Kinshasa r 6,165 6,542 6,345 
F AN Lu A e RAE r 12 12 14 
7 e k 8 r 74 34 21 
T777ö·Ü n 0ůł k kk!!! 88 9,649 8,603 7,833 
Rhodesia, Southern 600 600 600 
Rwanda ts on a Susu y y QS ltda r 1,396 1,323 1,320 
South Africa, Republic offerte... 1,837 1,847 1,981 
South-West Africa, Territory of aa r 720 720 710 
EA WEEN r 323 136 49 
Pr ee eo ees Set Ble sue e ciu c E r 169 163 109 
Asja: 
BUDA Soe eS as r 430 360 380 
China, mainland e 20,000 20,000 20,000 
joo A nS us ALL E E é r 16,671 17,188 18,761 
EE at toa es Ct ae 931 121 780 
Korea, Republic of.______ ts 8 7 ³ A veel eden 
/ hd setae ue Sus en cia yd; v eke r 500 621 629 
E EEN 75,069 72,167 72, 628 
JJ ˙˙wʃ yy EE r 23,601 20, 759 21,140 
Oceania: Australian r 6,537 8,013 8,735 
NEE r 228,332 224,079 226,569 


e Estimate. P Preliminary. 


data. 


r Revised. W Withheld to avoid disclosing individual company confidential 


1 Data derived in part from the Statistical Bulletin of the International Tin Council, London, England. 
* COMIBOL production plus exports by small and medium mines and smelters 
3 Estimate, according to the 57th annual issue of Metal Statistics (Metallgesellschaft) through 1969. 


4 Includes tin content of mixed concentrates. 
5 Estimated smelter production. 

* Output from U.8.S. 
7 Totals are of listed figures only. 


R. in Asia included with U.S.S.R. in Europe. 
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Table 16.—Tin: World smelter production, by countries 1 
(Long tons) 
Country 1968 1969 1970 » 
North America: 
e ß eee eee A A 317 139 e 140 
United States 2.___ ta za 3 3,453 345 NA 
South America: 
EE E EE 59 85 295 
Brazil uis AA ³ é 0d yd a r 1,716 2,245 2,982 
Europe: 
Belgiul AA ² ͥ f E A 4,799 4,444 4,190 
Czechoslovakigu u, quesos a a 48 69 e 70 
Germany: 
A x AN 1,200 1,200 1,200 
West. ni e calcu m es aE r 1,504 1,446 2,167 
F ai a . de u am ua r 7,983 5,298 5,937 
Portugal. u oc e us ß mr ee 8 r 618 494 384 
TA E 0 ł Kr ee hole r 2,166 2,068 2,328 
S S r E AI A t y 8 26,000 27,000 27,000 
United Kingdom... 24,933 25,982 21,687 
Africa: 
Congo (Kinshasa«ͤ· :: 1, 892 1,851 1,374 
Morocco de r c. L a ee 8 15 12 12 
BHUgerag ß, A E A UN r 9,843 8,839 7,400 
Rhodesia, Southern €_-_------------------------------------—- 6 600 600 
n South Africa, Republic oꝶꝶꝶ᷑ . ll. 686 738 593 
sia: 
China, mainland *$...............- 2.2 2L LLL LLL LL 2L 2 cL 2L Lll ll. 20,000 20,000 20,000 
Ar A mde ⁰¶⁰yvy RE LE r 8,558 5,900 5,108 
ut Atta re AM õydp LAM r 1,863 1,378 1,356 
MALAYSIA ue cec e km Ee r 88,185 87,089 90,652 
Thailand... tas as a a as e. r 24,434 22,048 21,692 
Oceania: Australia... 2. one cc cee ee ede eee ds recados. 8,692 4,156 5,129 
AA AIC lA m ͥ ⁰¹5¹im̃ IR SR d sss r 229,564 223,426 222,296 


e Estimate. P Preliminary. 


r Revised. NA Not available. 


! Data derived in part from the Statistical Bulletin of the International Tin Council, London, England. 
? Includes tin content of alloys made directly from ores. 

3 Imports into the United States of tin concentrates (tin content). 

4 Estimate, according to the 57th annual issue of Metal Statistics (Metallgesellschaft) through 1969. 

5 Output from U.S.S.R. in Asia included with U.S.S.R. in Europe. 

6 Including a small amount smelted from imported concentrates. 


7 Totals are of listed figures only. 


new 7,500-metric-ton tin smelter at Vinto, 
near Oruro, on September 30. Capacity 
output did not appear likely until some 
time in 1972 however. Built by West 
Germany's Klockner-Humboldt-Deutz, the 
plant was opened behind schedule, and 
various technological difficulties were en- 
countered during the test runs. Actual pro- 
duction did not begin during 1970. The 
tin smelter is the first stage in a large Bo- 
livian Government project to establish 
local metal smelting facilities, thus elimi- 
nating export of some of Bolivia's large 
volumes of untreated ores. Total cost of 
the tin smelter was said to be around $23 
million. As development permits, capacity 
will be increased, first to 15,000 tons an- 
nually, and later to 22,500 tons. Originally, 
charcoal was selected as the source of fuel 
and carbon in the metallurgical furnaces, 
but a switch to petroleum coke was made 
at the last minute. Denmark supplied 
about 300 tons of tin anodes for the elec- 
trolytic refining process. 


First sales of around 800 tons of 99.95. 
percent pure tin metal from the Vinto 
plant were to go to the U.S.S.R. Small 
amounts were shipped to several European 
countries but delays necessitated smelting 
some 260 long tons for the Russian com- 
mitment at the small and outdated unit at 
Oruro. This proved to be expensive and, 
therefore, was terminated. This tonnage, so 
far as is known, is all the metal that was 
sent to the U.S.S.R. in 1970, and Bolivia 
was seeking to arrange extension for the 
terms of the contract. A small, indetermi- 
nate volume of concentrate, for use in tin 
smelters in Siberia, also was shipped to the 
U.S.S.R. during the year. 

After approval by the Government of 
Bolivia in Supreme Resolution 152,157 in 
April of 1970, COMIBOL negotiated an 
agreement with Gulf Chemical and Metal- 
lurgical Corp., Texas City, Tex., for the 
toll-smelting of 15,000 tons of Bolivian 40 
to 50-percent concentrates. By August 1970, 
about 3,100 long tons of tin in concen- 
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trates had been brought to the United 
States, and a fine tin product had been 
produced at Texas City. It was being of- 
fered to purchasers in the United States by 
the COMIBOL office in New York City, 
and modest amounts were moving to U.S. 
tinplaters and other consumers. 

Burma.—Production of tin in Burma re- 
mained relatively low in 1970, around 380 
long tons. An indeterminate quantity of 
tin each year is affected by unauthorized 
activity in the mining areas, including 
smuggling. Tin and tungsten are produced 
together in Burma, and output of the 
mixed concentrates showed no important 
change during the year. Under Govern- 
ment policy, which discourages private in- 
vestment, and with the prevailing pick- 
and-shovel operations, it appears unlikely 
that any increased output could be sus- 
tained. Exploitation tends to be of existing 
properties by loosely organized, Govern- 
ment-supervised mining cooperatives. Ore 
must be sold at Government-established 
prices to the purchasing depots of the 
State-owned Mineral Development Corp. 
Whatever increases in production oc- 
curred stemmed from a higher purchase 
price initiated in 1970. An indeterminate 
amount of tin, in company with other 
minerals, is smuggled to black-market oper- 
ations in nearby Thailand, because prices 
there are attractive. Major Burmese mines 
were nationalized some years ago. In 1970, 
all remaining private leases were with- 
drawn, and over 100 small tin/tungsten 
mines in the Yamethin and Tenasserim 
Regions were closed. 

Limited assistance from the United Na- 
tions in rehabilitation of tin/tungsten pro- 
duction in the Tenasserim area was under- 
way in 1970. West German aid in 
improving mining techniques in existing 
mines also was going forward. Under an 
agreement signed in 1969, five Soviet tech- 
nicians arrived in 1970 to assist with rede- 
velopment of the once lucrative Machwi 
mines in Kayah State. Production target 
was 100 tons per month but at yearend 
was behind schedule. | 


Malaysia.—Tin is second in importance 
only to rubber in the economy of Malaysia 
which continued to lead the world in pro- 
duction and smelting of tin in 1970. As 
usual, about 40 percent of the free world's 
supply came from this southeast Asian 
source. A tota] of 72,628 long tons of tin 
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in concentrate was mined, which is a 0.6 
percent increase over output of 1969 when 
Malaysia, along with other producer mem- 
bers of the ITC, was under tin export re- 
strictions. 

At yearend there were 61 tin dredges, 
979 gravel pump mines, and 43 opencast, 
underground, and other miscellaneous 
mines in operation, a slight increase from 
a year earlier. 

Gravel pump operations, worked for the 
most part by the same families that own 
the mines, accounted for about 55 percent 
of the concentrates produced, while dredg- 
ing by corporations furnished another 32 
percent. Eight opencast mines brought in 3 
percent of the ore produced; underground 
mines accounted for 3 percent, and the re- 
maining 7 percent came from miscella- 
neous sources. The commissioning, on July 
18, 1970, of the new multimillion dollar 
Petaling Dredge No. 7 was cause for opti- 
mism by Malaysian tin interests; however, 
this one dredge cost 30 percent more than 
the combined investment of its owner, Pet- 
aling Tin Berhad, in seven dredges bought 
by Petaling before World War II. Several 
other dredges were converted from steam 
to electric power during the year while as- 
sorted older machines were retired. There 
was a net loss by the end of 1970 of four 
dredges. 

Generally speaking, tin mining tends to 
reshape the surface of the tin-rich river 
valleys rendering them mostly unfit for 
further use without costly rehabilitation. 
As tin mining progresses, tailings and 
pools of water remain. The pools assumed 
new commercial importance in Malaysia 
during the year. About 4,000 such pools in 
one area alone were being profitably used 
as fish hatcheries and fish farms. A turn- 
over of more than $3.3 million in fish crop 
profits was estimated, partly because the 
ready availability of fresh water pools made 
expensive excavation unnecessary. 

All tin mined in Malaysia is smelted 
within the country and exported as top 
quality Straits tin. Much Indonesian con- 
centrate, together with small amounts from 
Thailand, Cambodia, Laos, Australia, 
Kenya, Tanzania, and several countries of 
Central and South America also were 
smelted in Malaysia in 1970. Two very 
large smelters, the Butterworth smelter of 
the Straits Trading Co., Ltd., and the Pen- 
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ang smelter of the Eastern Smelting Co., 
Ltd. (Consolidated Tin Smelters, Ltd.), 
handle all of Malaysia’s tin metal produc- 
tion. 

Thailand.—At 21,140 long tons, Thai- 
land’s tin production in 1970 did not ap- 
proach the record high of 1968, 23,601 long 
tons, however, the 1970 figures was slightly 
better than that of 1969, a year of export 
control under the ITC. 

Placer deposits provided most of Thai- 
land’s tin ores, and many of these are on 
or near Phuket Island just off the west 
coast in the Andaman Sea. Although al- 
luvial deposits in this region have been 
productive, their submarine extensions 
were attracting more interest in 1970. 
Floating dredges, including huge new ves- 
sels, were being brought into recently won 
concessions in the sea off Phuket and the 
mainland Provinces of Ranong and 
Phangnga where exploratory work was well 
underway by yearend. At least one produc- 
tion operation was going forward in open 
water and could be carried on only from 
November through April. Dredges are 
moved to more protected waters during 
the monsoon season. 

The largest U.S. firm with interests in 
Thai tin was Union Carbide Corp. The 
Phuket tin smelter, fourth largest in the 
world, was brought into operation on July 
1, 1965. Although ultimately it will be ca- 
pable of turning out 40,000 tons of tin per 
year, it did not operate at more than 
about 55 percent capacity in 1970. At the 
outset, the smelter was owned by Union 
Carbide Corp. (70 percent) and Eastern 
Mining Development Co. (Emco) (30 per- 
cent). The two companies formed Thai- 
land Smelting and Refining Co. (Thais- 
arco) to operate the smelter. In 1970, N.V. 
Billiton Maatschappij, of the Netherlands, 
acquired Emco's interest in Thaisarco, and 
additional arrangements were being made 
for various Thai interests to acquire a sig- 
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nificant part of the share capital of Thais- 
arco. Meanwhile, the Billiton organization 
was merged into the Royal Dutch Shell 
firm during the year. 

Under Thai Government decree, Thais- 
arco has sole smelting rights for all con- 
centrates produced in the country. Under 
the new Billiton agreement, the newcomer 
further agreed to assume the responsibility 
for marketing the entire Thaisarco tin 
metal output, nearly all of which is ex- 
ported. Thaisarco also is required to pay 
cash upon delivery of concentrates to the 
smelter, or the seller can wait 2 weeks, 
which may work to his advantage in a fluc- 
tuating market. 

In 1970 Union Carbide's offshore explo- 
ration and development company, Thai- 
land Exploration and Mining Co. 
(Temco), ordered from Japan what was 
reported to be the largest dredge ever 
built. Delivery was scheduled for late 1971. 
As with the smelter, Billiton acquired part 
(40 percent) of the interest in Temco, 
which was active in new exploration off 
the northern and western coasts of Thai- 
land. 

Two other firms, Tongkah Harbour Tin 
Dredging and Aokam Tin, were also actively 
dredging offshore areas. A novel suction 
dredge of Southern Kinta Consolidat- 
ed, Ltd., working in shallow waters, showed 
encouraging improvement in its operation. 

United Kingdom.—The first stage of the 
new Kirkby plant of Williams, Harvey & Co. 
Ltd., started up in late 1969. Initial dif- 
ficulties were numerous, and efficient opera- 
tion was not achieved during 1970. Mean- 
while, stocks of Bolivian concentrates, 
delivered in excess of expectations, accu- 
mulated rapidly and were not worked off 
in 1970. The combination of excess stock 
and high interest rates was a financial 
strain on the firm. The plant was not ex- 
pected to operate economically until at 
least late in 1971. 
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TECHNOLOGY 


The nature of tin and copper in the fer- 
rous material separated from municipal in- 
cinerator residues, and methods of remov- 
ing these residual elements are discussed 
in a paper presented before the Second 
Mineral Waste Utilization Symposium in 
Chicago, Ill., in March 1970.3 

Improved recoveries of very fine grained 
tin ore (cassiterite) by flotation methods 
continued to be a focal point for several 
research groups during the year. Develop- 
ment of more effective chemical collectors, 
particularly among the alkyl-phosphonic 
acids, was one approach in which there 
was considerable activity. Tests conducted 
by Great Britain's Warren Spring Labora- 
tory for Consolidated Gold Fields’ Wheal 
Jane mine in Cornwall were outlined.4 
Several British and Canadian patents 
aimed toward improvement in recovery 
techniques were issued during the year.5 

Development of improved measurements 
of the surface tension of high-purity tin 
was undertaken by the Bureau of Mines in 
1970. The objective was realistic values for 
use in studies on tin-lead solders, and the 
published results are considered to be 
equal in value to any data presently 
available.9 

In a highly technical application an- 
nounced during the year, a superconduc- 
tive niobium-tin alloy plays a vital role in 
operation of a device for controlled ther- 
monuclear fusion studies. A niobium-tin 
ribbon which is 12.5 miles long is wound 
around the rim of a 5-foot wheel. When 
immersed in liquid helium and activated, 
these windings produce a magnetic field so 
strong and stable that the entire 270- 
pound assembly will float in space in its 
own magnetic field. This field will be used 
to trap a high-energy plasma of electrons 
and ions during studies of controlled ther- 
monuclear fusion. The device was con- 
structed by the Radio Corp. of America 
for use in the Plasma Physics Laboratory 
of Princeton University. This source of en- 
ergy could, experts believed, supply unlim- 
ited supplies of cheap electric power in 
the future.? 


A tin-silver soldering filler metal (96.5 
percent tin and 3.5 percent silver), said to 
be a good electrical conductor, free-flowing. 
of good wetability on most base metals, 
and offering greater strength than tin-lead 


soldering filler metals, was announced in 
1970. Since it contains no lead, the material 
can be used where lead contamination 
must be avoided, as in food-handling ves- 
sels and containers. High melting tempera- 
tures permit use in assemblies which must 
function at high ambient temperatures, 
and when soldering copper, brass, mild 
steels, and most plated surfaces, a strong 
acid flux is not required. 

Organotin compounds were bases for 
continued research and promising techno- 
logical development in 1970. Two processes 
were available commercially, for example, 
for impregnating wood with organic sol- 
vents containing tributyltin oxide. The 
techniques ensured long-term protection 
from wood-destroying fungi and insects, it 
was said.9 

Organotin biocides, in the forms of tri- 
ethyltin and triphenyltin compounds proved 
important because they possess properties 
similar to the organo-mercurials except 
that they break down when so used into 
harmless residues which are nontoxic inor- 
ganic tin compounds. 

When tin is added to titanium alloys 
(most frequently aluminum), the strength 
of such alloys is increased, yet ductility 
and hot workability are not impaired. Tin 
additions can vary widely, thus these and 
other titanium alloys can meet the re- 
quirements of aerospace technology.10 

3 Cammarota, V. Anthony. Refining of Ferrous 
Metal Reclaimed From Municipal Incinerator 
Residues—A Progress Report. In Proc. Second 
Mineral Waste Utilization Symp., cosponsored by 
the U.S. Bureau of Mines and the Illinois Insti- 
tute of Technology Research Institute, Mar. 
18-19, 1970, Chicago, Ill., pp. 348-353 

4 Mining Journal. Tin Recovery by Flotation. 
V. 274, No. 7021, Mar. 13, 1970, p. 221. 

5 Arbiter, N. Froth Flotation Beneficiation of 
Cassiterite Containing Iron Minerals, etc. Cana- 
dian Pat. 833,608, Feb. 3, 1970. 

Bushell, C. H. G., and D. L. Johnston (as- 
signed to Cominco, Ltd.). Froth Flotation of 
Low-grade Cassiterite Ore. British Pat. 1,212,496, 
Nov. 18, 1970; Canadian Pat. 854,248, Oct. 20, 
1970. 

6 Schwanke, Alfred E., and Wilbert L. Falke. 
Surface Tension and Density of Liquid Tin. 
BuMines Rept. of Inv. 7372, April 1970, 9 pp. 

7 Tin Research Institute. Niobium-Tin in 
Plasma Physics. Tin and Its Uses, Quart. Rev. 
Tin Res. Inst., No. 86, 1970, p. 9. 

8 Chemical Engineering, v. 77, No. 13, June 15, 
1970, p. 105. 

® Tin Research Institute. Treating Timber with 
Organotins: The Vac-Vac and Drilon Processes. 
Tin and Its Uses, Quart. Rev. Tin Res. Inst., 
No. 84, 1970, p. 5. 

10 Evans, D. J. Tin-Containing Titanium Alloys 
in the Aerospace Industry. Tin and Its Uses, 


arn Rev. Tin Res. Inst, No. 83, 1970, pp. 
13-15. 
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Titanium 


By Frank E. Noe * 


After a good first quarter in 1970, cut- 
backs in space and aircraft programs and 
the general weakness of the economy had 
a pronounced effect on the titanium metal 
industry during the last 9 months of the 
year. Although sponge metal production 
declined only slightly, consumption dropped 
about 19 percent and stocks of sponge jn- 
creased about 30 percent. Imports of tita- 
nium sponge and waste and scrap from 
Japan, the United Kingdom, and the 
U.S.S.R. were slightly higher than in 1969. 

Ilmenite production in the United States 
dropped to the lowest level since 1962, but 
world output of both ilmenite and rutile 
increased significantly. 

Titanium pigment production and con- 
sumption decreased slightly. A new chlo- 
ride-process plant went on stream, and the 
planned closing in mid-1971 of a domestic 
plant utilizing the sulfate process was an- 
nounced, thus continuing the trend of re- 
cent years toward greater use of the chlo- 
ride process for pigment. 

Legislation and Government Programs.— 
The stockpile objectives for rutile and tita- 
nium sponge metal remained at 100,000 tons 
and 33,500 tons, respectively. The contract 
entered into on July 1, 1969, for furnishing 
5,600 short dry tons of rutile, was completed 
on April 14, 1970. The Government inven- 
tory of rutile at yearend was 56,525 tons. 
Total stockpile inventories of sponge metal 
increased 4,277 tons to 35,015 tons at year- 
end; of that total, 8,514 tons are of sub- 
standard grade and are available for 
disposal. 


Government exploration assistance for 
rutile, available through the Office of Min- 
erals Exploration, U.S. Geological Survey, 
remained at 75 percent, of the approved 
cost of exploration. Numerous inquiries 
were received, but no applications for fi- 
nancial assistance to explore rutile deposits 
were submitted, and no contracts were exe- 
cuted for this purpose during the rutile 
program. 

Investigation of a columbium-bearing ru- 
tile deposit in Hot Springs County, Ark., 
was completed by the Battelle Memorial 
Institute, under contract with the Office of 


. Minerals and Solid Fuels U.S. Department 


of the Interior. Conclusions from the in- 
vestigation were that there is no present or 
likely near-term economic potential for de- 
veloping the columbium-bearing rutile de- 
posit of Magnet Cove, Ark. 

The Bureau of Mines concluded a 
project to determine the near-term feasibil- 
ity of commercial recovery of rutile as a 
byproduct from phosphate mining opera- 
tions in Florida. A study of the recovery of 
heavy minerals from sand and gravel opera- 
tions in the southeastern United States 
continued. The Bureau completed its re- 
view and assessment of the available infor- 
mation on proposed techniques for produc- 
ing rutile substitutes and published a 
comprehensive report2 that groups the 
major processes according to the technology. 


15 Physical scientist, Division of Nonferrous Met- 
als. 

2 Henn, John J., and James A. Barclay. A Re- 
view of Proposed Processes For Making Rutile 
Substitutes. BuMines Inf. Circ. 8450, 1970, 27 pp. 
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Table 1.—Salient titanium statistics 


1966 1967 1968 1969 1970 
United States: 
Ilmenite concentrate: 
Mine shipments... ......short tons.. 868, 436 882,414 960,118 893,034 920,964 
Value: co Eee thousands.. $17,608 $18,519 $19,484 $18,636 $18,626 
Imports short tons : 173, 786 170, 585 178, 154 110, 853 231,119 
Consumption do.... 962, 706 919, 206 959,558 1,003,501 968,926 
Titanium slag: Consumption do 132,233 122,926 142,168 38,553 129,247 
Rutile concentrate: 1 
mportSs--------------------- do.... 151,482 167,100 174,366 204,907 243,269 
Consumption do.... 135, 883 153,457 160,273 185,432 188,290 
Sponge metal: | 
Imports for consumption. _._... do 5,225 7,144 3,443 6,332 6,543 
Consumption. nn do.... 19,677 20,062 14,237 20,124 16,414 
Price: Dec. 31, per pound $1.32 $1.32 $1.32 $1.32 $1.32 
World: Production: 
Ilmenite concentrate short tons.. 2,886,937 3,036,517 3,222,247 3,541,769 3,941,574 
Rutile concentrate do.... 275,198 310,752 332,792 436,819 460,084 
r Revised. 


! Mine shipments withheld to avoid disclosing individual company confidential data. 


DOMESTIC 


Concentrates.—Production of ilmenite 
concentrates dropped almost 7 percent, the 
lowest level in 8 years. Producers were E.I. 
du Pont de Nemours & Co., Inc., Starke 
and Highland, Fla.; Humphreys Mining 
Co., Folkston, Ga.; SCM Corporation, Glid- 
den-Durkee Division, Lakehurst, N.J.; Na- 
tional Lead Co., Tahawus, N.Y., and 
American Cyanamid Co., Piney River, Va. 
No domestic production of rutile concen- 
trate was reported. 

The American Cyanamid Co. and the 
Union Camp Corp. formed a joint mining 
venture, Titanium Enterprises, to produce 
titanium minerals from a large deposit 
near Green Cove Springs, Fla. Facility en- 
gineering and mine-site development were 
in progress at yearend; initial production 
is scheduled for mid-1972. Late in the year, 
American Cyanamid announced plans to 
close its ilmenite mine and titanium diox- 
ide plant at Piney River, Va., in June 1971. 
Depletion of the most usable source of the 
ilmenite ore and problems of ecology 
figured strongly in the decision to close the 
plant. 

Several concerns investigated or reinvesti- 
gated sand-ilmenite deposits in various east 
coast States and in Tennessee, without any 
definite plans for production having been 
announced. 

Metal.—Production of titanium sponge 
was about 2 percent lower than in 1969. 
The producing companies were Titanium 
Metals Corporation of America (TMCA), 
Henderson, Nev., owned by National Lead 
Co. and Allegheny Ludlum Steel Corp.; 
Reactive Metals, Inc., Ashtabula, Ohio, 
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owned by National Distillers £ Chemical 
Corp. and United States Steel Corp.; and 
Oregon Metallurgical Corp. (Oremet), Al- 
bany, Oreg., partly owned by Armco Steel 
Corp. and Ladish Co. Early in 1970, Ore- 
met completed new facilities representing 
an investment of approximately $9 million, 
which just about doubles the size of the 
company. The new facilities consist of 
three separate plants—titanium tetrachlo- 
ride, sponge, and magnesium. The sponge- 
production capacity of the three producing 
companies was about 25,000 tons per year. 

Production of titanium ingot, including 
alloys, was 24,331 tons, a decrease of about 
15 percent from 1969 production. Nine 
companies that produced titanium ingot 
from sponge metal and scrap are as fol- 
lows: 


Company Plant location 
Crucible Steel Company of Midland, Pa. 
America. 
Harvey Aluminum, Inc......... Torrance, Calif. 
Howmet Cor Whitehall, Mich. 
Oregon Metallurgical Corp...... 
Reactive Metals, Inc. ` Niles, 
Teledyne Titanium, Inc......... 
Titanium Metals Corporation of 
America. 
Titanium Technology Corp..... 


Pamona, Calif. 
Titanium West, Ine 


Reno, Nev. 


Teledyne Titanium installed at its Mon- 
roe, N.C., plant a new titanium-melting arc 
furnace with a nonconsumable electrode, 
claimed to be the first of its type in the 
titanium industry. One of the chief advan- 
tages claimed for the process is the elimina- 
tion of the sponge-compacting stage in the 
melt. Titanium West installed at its Reno 
plant a third 1.200-ton-capacity furnace 


Henderson, Nev.. 
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capable of producing 5,800-pound, 23-inch 
titanium ingots. Harvey Aluminum, Inc., 
announced plans to triple its titanium melt 
and product capabilities in a major expan- 
sion of its Torrance, Calif., facilities. In- 
cluded in the modernization program are 
new furnaces capable of producing 16,000- 
pound ingots. The Alloy Division of How- 
met Corp. melted the world's largest tita- 
nium ingot, measuring 40 inches in diam- 
eter and weighing 21,539 pounds. 

Pigment.—The gross weight of titanium 
dioxide (Ti02) pigment produced domesti- 
cally was about 1 percent greater than that 
of 1969, with the average Ti02 content of 
the rutile-, anatase-, and composite-type 
pigments being slightly lower than in the 
previous year. Rutile-type pigment, pro- 
duced by the nine pigment companies, was 
about 60 percent of the total on a Ti02 
content basis. Most of the remainder was 
anatase-type pigment, produced by six 
companies, and composite-type produced 
by one company. 

Companies producing titanium pigments 
and plant locations are as follows: American 
Cyanamid Co., Piney River, Va., and Sa- 
vannah, Ga.; American Potash £ Chemical 
Corp., a subsidiary of Kerr McGee Corp., 
Hamilton, Miss.; Cabot Titania, Inc., 
wholly owned subsidiary of Cabot Corp., 
Ashtabula, Ohio; E. 1. du Pont de Nem- 
ours & Co., Inc., Edge Moor, Del., Antioch, 
Calif., and New Johnsonville, Tenn.; Na- 
tional Lead Co., St. Louis, Mo., and Sayre- 
ville, N.J.; New Jersey Zinc Co., controlled 
by Gulf £ Western Industries, Gloucester, 
NI: PPG Industries, Inc, Natrium, W. 
Va.; SCM Corporation, Glidden-Durkee Di- 
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vision, Balitmore, Md.; and Sherwin Wil- 
liams Chemical, a subsidiary of Sherwin- 
Williams Co., Ashtabula, Ohio. 

American Cyanamid completed a new 
chloride-process titanium dioxide plant at 
Savannah, Ga. The plant was placed in 
commercial operation during the fourth 
quarter. Also in the fourth quarter, Ameri- 
can Cyanamid announced that it would 
close its old sulfate-process dioxide plant at 
Piney River, Va., in June 1971, because of 
increased pollution-control costs and obso- 
lescence. E. I. du Pont announced that it 
would expand its chloride-process titanium 
dioxide pigment plant at New Johnson- 
ville, Tenn., by approximately 20 percent. 
The New Johnsonville facility has been ex- 
panded several times and now has a capac- 
ity Of approximately 95,000 tons per year. 
The new expansion will raise capacity to 
about 120,000 tons per year and is sched- 
uled for completion in late 1971. The 
Glidden-Durkee Division of SCM Corpora- 
tion commissioned a new 25,000-ton-per- 
year chloride-process plant alongside an ex- 
isting  53,000-ton-per-year  sulfate-process 
plant at Hawkins Point, Baltimore, Md. 
The new chloride plant will employ the 
American Potash & Chemical Corp. process. 

Welding Rod Coating.—A total of 
212,000 tons of welding rods, containing ti- 
taniferous materials in their coatings, was 
produced. Of the total output, 31 percent 
contained rutile; 36 percent, ilmenite; 17 
percent, a mixture of rutile and manufac- 
tured titanium dioxide; 11 percent, manu- 
factured titanium dioxide; and 5 percent, 
miscellaneous mixtures and titanium slag. 


Table 2.—Production and mine shipments of titanium concentrates 1 
from domestic ores in the United States 


Production 
(short tons, 


Year 


Shipments 


gross weight) Short tons TiO» content Value 
(gross weight) (short tons) (thousands) / 
IJJ)J).;öÜÜö ͤ K 965, 378 868, 436 451, 132 $17,608 
dd y l sus ma musk 935,091 882,414 463,286 18,519 
1968 A AAA 978,509 960,118 506,260 19,484 
o A ca E a oe 931,247 893,034 480,918 18,636 
1910: si A OR Nai UE 867,955 920,964 487,298 18,626 


1 Includes a mixed product containing rutile, leucoxene, and altered ilmenite. Production of rutile concen- 
trate in the United States was discontinued in 1968; data for previous years are withheld to avoid disclosing 


individual company confidential data. 
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Table 3.—Titanium-metal data 


(Short tons) 
1966 

Sponge metal: 

ie Wéiee for consumption. ----------------------------- 5,225 

Industry stocks- ee wie oi it ei EN NN eee enews 800 

Government stocks (DPA in ventorie ) 21,416 

Gr, cts O aa 19,677 
Scrap-metal consumption 4,857 
Ingot: 1 

ProGucti0n usas a da eC 24,253 

Consumption WEE 22,317 
Net shipments of mill products ii 13,996 


1967 


7,144 
2,900 
20,711 
20,062 
5,822 


25,960 
25,386 
13,634 


1968 


19,234 
18,323 
11,900 


1969 


6,332 
r 1,909 
20,385 
20,124 
7,566 


28,490 
27,082 
15,940 


1970 


23,687 
14,499 


r Revised. 
1 Includes alloy constituents. 


2 Bureau of the Census and Business and Defense Services Administration, Current Industrial Reports 
Series BDSAF-263. Net shipments are derived by subtracting the sum of producers’ receipts of each mill 


shape from the industry's gross shipments of that shape. 


Table 4.—Titanium-pigment data 
(TiO: content) 


Year Production 
(short tons) 

1966 —— 594, 486 
1967. 589,449 
1968. ....... 623,691 
1969. r 660,002 
1970ͤ p 655, 394 

p Preliminary. r Revised. 


Shipments 1 


Quantity Value, f. o. b. 

(short tons) (thousands) 
593 , 933 $303 , 902 
582,325 297,283 
632,106 323,216 
652,271 333,323 
NA NA 


NA Not available. 


1 Includes interplant transfers. 


Source: Bureau of the Census. 


CONSUMPTION AND USES 


Concentrates.—Consumption of ilmenite 
and titanium slag, both of which are used 
chiefly for making titanium dioxide pig- 
ment, declined 3 and 7 percent, respec- 
tively. Rutile consumption, which is used 
principally for producing titanium dioxide 
pigment, titanium metal, and also in weld- 
ing rod coatings, increased slightly despite 
a sharp drop in the production of rutile- 
based welding rod coatings and fluxes. A 
significant amount of unbeneficiated ilmen- 
ite ore was marketed for use in concrete 
aggregate for oil and gas pipeline coating; 
ilmenite is used for such coatings because 
of its density rather than for its titanium 
content. 

Metal.—The spectacular growth that 
characterized the titanium metal industry 
in 1969 was reversed in 1970. Consumption 
of titanium sponge and ingot declined 18 
and 13 percent, respectively. Consumption 
of titanium metal as gauged by shipments 
of mill products fell 9 percent from the 
previous year. All this reflected a decreased 
use of the materials in Government and 
commercial aerospace programs as a result 


of increased public opposition to aerospace 
and military spending. Titanium consump- 
tion in commercial aircraft during the year 
again surpassed that in military aircraft, 
comprising about 50 percent of total end 
use. Military aircraft took less than 30 per- 
cent. Industrial applications, however, grew 
by 3 percent. 

A large domestic producer of titanium 
metal estimated the end-use distribution of 
titanium mill products as follows: 


Consumption, percent 


1968 1969 1970 

Jet engines 54 54 53 
Air frames 33 28 25 
Space and missiles... 8 8 9 
Industriall 5 10 13 
do A A 100 100 100 


Nonaerospace applications are diverse. 
The unique corrosion resistance of tita- 
nium in many environments has resulted 
in a growing number of applications 
where a strength-to-weight ratio is of sec- 
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ondary importance. The use of titanium 
tubing is becoming increasingly important. 
Titanium tubing, already proven in desal- 
inization of sea water, is now being seri- 
ously considered for applications in the re- 
covery of mercury from chlorine brines. 
Tubing is also used to advantage for such 
items as heat exchangers and various proc- 
ess piping and vessels. A new technique 
calling for the replacement of copper cath- 
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ode starter sheets by about 14-inch-thick 
titanium sheets is being investigated. Other 
nonaerospace uses include plating racks, 


marine hardware, ordnance equipment, 
mufflers, pistons, batteries, and medical 
prothesis. 


Pigments.—In 1970 titanum pigment 
consumption on a gross weight basis, using 
shipments as a gage, was l percent less 


than that of 1969. 


Table 5.—Consumption of titanium concentrates in the United States, by products 


(Short tons) 
Ilmenite ! 


Titanium slag 


Gross 
weight 


132,233 
122,926 
142,168 


138,553 


138,553 


129,247 


129,247 


TiO: 
content 
(estimated) 

93,683 


86,945 
100,591 


98,075 


91,639 


160,273 ; 


r 1,003,501 


— w e ww op em e e em mm we ew - wo ewe wm ep em em 
EE EERSTEN EE — E E S 


Year and product Gross TiO» 
weight content 
(estimated) 
%%% r miei sd 962,706 507,379 
e ß cea 919,206 488, 236 
Ü ere oe n d 959,558 510,353 
1969: 

Pigmentnz: 1,000,874 540, 403 
Titanium metaalalnnnnnnnnll‚‚‚‚‚ndnnd 2.222222 
Welding-rod coatings............ 343 208 
Alloys and carb ide r 2,234 r 1,199 

eramics. oo ooo (2) (2) 
Glass fibers... cn ð 
Miscellaneous 50 30 
ae!!! 88 r 541, 840 

1970: 

Pigmentn??e???v co 2 966,350 515,860 
Titanium metal. 
Welding-rod coatings___________- 510 356 
Alloys and carbide_____________- 2,045 1,027 

Ceramics.. -a-a (2) (2) 
A AAA 
Miscellaneous. 21 13 
Total 968,926 517.256 

r Revised. 


1 Includes a mixed product containing rutile, leucoxene, and altered ilmenite. 
2 Included with “Miscellaneous” to avoid disclosing individual company confidential data. 
3 Included with “Pigments” to avoid disclosing individual company confidential data. 


Table 6.—Distribution of titanium-pigment shipments, by industries 


(Percent) 
Industry 1966 1967 
Distribution by gross weight: 

Paints, varnishes, and lae quer s 61.6 61.9 
1 AAA at fe ial ee at re A eae, Sent oe is 13.9 14.6 
Floor coverings ----- 3.4 2.7 
UN RA ³oſſdſſdſꝗſꝗdꝗ.d/.dd ret ta M IR E eh a 4.2 2.8 

Coated fabrics and textiles (oil cloth, shade cloth, artificial 
leather, eto. 1.4 1.4 
Printinge hh Aude e it la s IN 1.9 2.0 
Roofing granule sk 1.2 1.1 
Md. ꝛ˙r¹ . ð yd y ⁰ðdyddt y tA aha 1.7 1.9 

Plastics (except floor covering and vinyl- coated fabrics and 
textiles) A EE Ad v ĩ 8 3. 8 5.1 
Other (including export 6.9 6.5 
A d IA A 100.0 100.0 

Distribution by titanium dioxide content: 

Paints, varnishes, and lacquers. --.-------22aaaaaaaaMMMMMM 56.4 57.5 
A a A A x 16.7 17.2 
Floor covering 3.9 3.1 
(GA Tn o e ¾ tah oi tp MEL 4.9 3.2 

Coated fabrics and textiles (oil cloth, shade cloth, artificial 
leather, 606.) u oe l ut ina 1.6 1.6 
Printing ink- taa 2.2 2.3 
Roofing eranules ee 1.5 1.4 
¡A 2 ee eee eee eee eee 2.1 2.2 

Plastics (except floor covering and vinyl-coated fabrics and 
F111 / ³ĩs.— ͤ , ! tds 8 4.6 6.0 
Other (including export)... ooo 6.1 5.5 
AA e 100.0 100.0 


Rutile 
Gross TiO: 
weight content 
(estimated) 
135, 883 130,191 
53,457 147,158 
153,600 
r 129,398 r 124,718 
2 (2) 
18 20,987 
3 
472 451 
(2) (2) 
33,561 31,934 
r 185,432 r 178,090 
140 jo 135,350 
2 
15,634 14,917 
79 75 
378 362 
(2) (2) 
31,409 29,938 
188,290 180,642 
1968 1969 1970 
60.7 58.5 59.6 
14.9 17.0 17.0 
2.4 2.3 1.8 
2.9 2.6 2.6 
1.4 1.8 1.3 
2.1 2.3 2.2 
.8 .9 .9 
2.1 2.0 1.8 
6.0 6.2 6.6 
6.7 6.9 6.2 
100.0 100.0 100.0 
56.5 54.3 55.8 
17.4 19.5 19.3 
2.7 2.6 2.1 
3.3 3.0 3.0 
1.6 1.4 1.4 
2.4 2.6 2.5 
1.0 1.1 1.0 
2.4 2.4 2.1 
6.9 7.1 7.6 
5.8 6.0 5.2 
100.0 100.0 100.0 
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STOCKS 


Industry stocks of rutile increased 9 per- 
cent, to 211,683 tons, equivalent to more 
than a year's supply at the 1970 consump- 
tion rate. Ilmenite inventories decreased 6 
percent, but stocks of titanium slag in- 
creased 11 percent. Yearend stocks of tita- 
nium sponge metal held by producers, 
melters, and semifabricators totaled 2,495 


tons, compared with 1,909 tons on hand at 
the end of 1969. Titanium metal scrap 
held by melters and semifabricators at 
yearend was 4,377 tons, 400 tons less than 
that at the end of 1969. Stocks of compos- 
ite and pure Ti02 held by producers were 
6 percent more than the previous year— 
106,858 tons compared with 100,846 tons. 


Table 7.—Stocks of titanium concentrates in the United States, Dec. 31 
(Short tons) 


Ilmenite Titanium slag Rutile 
Year and stock Gross TiO: Gross TiO? Gross TiO: 
weight content weight content weight content 
(estimated) (estimated) (estimated) 
1969: 
Mie males (1) JJC... 8 
Distributor... --------------- r 247,559 r 146,404 (2) (2) (2) (2) 
Consumer r 600, 080 329,558 103, 402 73,308 194,367 187, 183 
ff a dal 847,639 475,960 103, 402 73,308 194, 367 187,183 
1970: 
F! ie a (1 yr ] ²ĩ²˙ r ²˙A ꝛ˙Ä ¹-wm 8 
Distributor... ...............- 194, 523 118.498... muc (2) (2) 
Consumer. -` .--.-------------- 602,978 332,252 115,266 81,761 211,683 203,363 
dic i is tad re 797,501 450,680 115,266 81,761 211,683 208 , 363 
r Revised. 
1 Included with “Distributor” to avoid disclosing individual company confidential data. 
2 Included with “Consumer” to avoid disclosing individual company confidential data. 
PRICES 
Concentrates.—Prices for ilmenite, as Price per 
pound 


quoted in Metals Week, remained the 
same as those of 1969. Domestic ilmenite 
of 60 percent titanium dioxide (Tioz) con- 
tent was quoted at $30 to $35 per short 
ton. Imported ilmenite containing 54 per- 
cent TiO», f.o.b. Atlantic ports, was quoted 
at $20 to $21 per long ton. The quoted 
price for imported rutile (96 percent Ti0>) 
rose in several steps from $160 to $185 in 
June, where it remained at yearend.3 Tita- 
nium slag (70 percent TiO2) was steady at 
$45 per long ton throughout the year. 

Manufactured Titanium Dioxide.—Com- 
petition sparked by new producers resulted 
in a 2-cent-per-pound reduction in rutile- 
grade list prices to a range of 26 to 27 
cents per pound. Prices on other pigment 
grades remained steady throughout the 
year. Yearend quotations from the Oil, 
Paint and Drug Reporter of Dec. 28, were 
as follows: 


Anatase, all grades, bags: 
30-ton carlots, minimum, 
freight allowed. $0.26 
Less than carlots, same basis. . .27-$0.275 
Rutile, all grades, bags: 
30-ton, carlots, minimum 
freight allowed. ........... 26- 270 


than carlots, same basis. . .2474-  .285 
Titanium dioxide-calcium pigment: 
30 percent TiO», regular bags: 
80-ton, carlots, f.o.b....... .09125 
Less than carlots, works. . .09875 
50 percent TiOs: 
Bags, 30-ton carlots, 
Wen ⁵ĩð 14125 
Drums, less than carlots, 
Works 14875 


Metal.— Prices for various grades of tita- 
nium sponge of domestic, British, and Jap- 
anese origin (99.3 percent titanium; Brinell 
hardness 115 maximum) quoted in Metals 
Week at yearend follow: 


3 Metals Week. Rutile Price Kicked to $185. V. 
41, No. 25, June 22, 1970, p. 22. 
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Price per quoted in Metals Week at yearend as fol- 
Pound lows: 
Domestic titanium sponge... ........ $1.32 Price 
Japanese and British titanium sponge. 1.20-$1.25 pay CAT nen: 25-40 percent titanium, per 
DOUNG ou seus a de de ra dl rd us 1.35 
: : . ‘ : Medium-carbon, 17-21 percent titanium, 
Ferrotitanium.—Nominal prices, which per short net Lon 5.00 
have remained unchanged since 1962, were short net ken. Per 810.00 
FOREIGN TRADE 


Titanium dioxide exports to 56 coun- 
tries, mainly to Canada (39 percent), in- 
creased 7 percent to 26,183 tons valued at 
$7,944,343. The quantity of ores and con- 
centrates exported to 11 countries de- 
creased 23 percent, the lowest level since 
1954. Canada was the principal recipient 
with 74 percent, followed by Japan with 14 
percent. Although exports of unwrought 
metal and alloy and waste and scrap to 19 
countries (54 percent to United Kingdom) 
increased only 3 percent, there was a 29- 
percent increase in unit value. There was 
a 2-percent decrease in exports of com- 
bined intermediate titanium mill shapes 
and wrought metal and alloys, but the unit 
value increased 16 percent. Of the 17 
countries to which intermediate mill 
shapes were exported, West Germany 
received 61 percent and Canada dropped to 
second place with only 31 percent. The 
United Kingdom received 41 percent and 
Canada received 19 percent of wrought ti- 
tanium and alloys shipped to 37 countries. 

Imports of ilmenite from Australia in- 
creased more than threefold, but those of 
titaniferous concentrates (Sorel slag) from 
Canada increased only 64 percent. Atten- 
tion is called to an error that has ap- 
peared under ilmenite imports from Can- 
ada for the past several years. Since 1966, 
imports of ilmenite from Canada have 
included 436,643 tons of ilmenite ore con- 
taining about 35 percent TiO». This mate- 


rial was imported for its density rather than 
for its titanium content. It was used in con- 
crete aggregate for oil and gas pipeline 
coatings. 


Although rutile imports from Australia 
reached a new high, those from Sierra 
Leone dropped 25 percent below the 1969 
level. Imports for consumption of un- 
wrought titanium and waste and scrap from 
10 countries increased slightly over the 
previous year. Japan shipped to the 
United States about 69 percent (4,507 
tons) of these materials, practically all as 
titanium sponge. The United Kingdom 
and the U.S.S.R. also supplied the United 
States with significant quantities of sponge 
metal. Most of the remaining items under 
this import category, largely scrap, came 
from West Germany and Canada. The 
value per pound of imports was $0.80, 
compared with $0.82 in 1969 and $0.92 in 
1968. Imports for consumption of wrought 
titanium doubled to 552 tons, principally 
from Canada and Japan. Imports of tita- 
nium dioxide from 16 countries, princi- 
pally from Japan, France, Finland, and 
Canada, totaled 60,207 tons, valued at 
$22,184,870. 

The tariff on unwrought titanium and 
waste and scrap was lowered to 18.5 per- 
cent ad valorem on January 1, 1970, but 
the suspension of duty on waste and scrap 
was continued throughout the year. 


Table 8.—U.S exports of titanium products, by classes 


Ores and Metal and alloy Intermediate mill Pigments and 
concentrates sponge and scrap shapes and mill oxides 
Year products, n.e.c. 

Short Value Short Value Short Value Short Value 
tons (thousands) tons (thousands) tons (thousands) tons (thousands) 
TE 4,238 $276 2,756 $1,748 1,228 $7,575 30,188 $8,227 
19 8 1,424 183 2,802 1,936 1,773 9,206 24,507 7,510 
Eege 1,100 297 2,892 2,583 1,740 10,435 26,183 7,944 
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Table 9.—U.S. imports for consumption of titanium concentrates, by countries 


1968 1969 1970 
Country 
Short Value Short Value Short Value 
tons (thousands) tons (thousands) tons (thousands) 
Ilmenite: 
Australian 45,196 $380 28,524 $371 96,123 $976 
Canada r 132,958 r 4,220 r 82, 329 r 5, 546 134,996 5,455 
Total: 2 u td eee r 178,154 r 4,600 r 110,853 r 5,917 231,119 6,431 
Rutile: 
Australs ..- 171,847 12,508 176,550 14,273 223,407 18,395 
Canada 1,171 54 262 22 180 17 
Sierra Leone 1,348 91 26,422 1,793 19,682 1,401 
Other countries.. 1,673 bo AA ĩ˙ A 
Peel! 174, 366 12, 653 204, 907 16,207 243,269 19,813 
r Revised. | 


1 Titanium slag averaging about 70 percent TiO». Data does not include ilmenite ore for use as heavy aggre- 
gate imported in quantities of 67,955; 288,050; 30,564 short tons in 1968, 1969, and 1970, respectively. 


Table 10.—U.S. imports for consumption of unwrought titanium and waste and scrap 


1968 1969 1970 
Country 

Short Value Short Value Short Value 
tons (thousands) tons (thousands) tons (thousands) 
Belgium-Luxembourg........... ........ „vt 13 $30 
Canadi- 238 $675 214 $138 111 96 
France... e EIE 1 LE Ä 3 4 
Germany, Wes ttt (1) 1 142 153 
r ͤ a 2,466 4,574 4,591 7,611 4,507 7,436 
Netherlands 2 9 6 
df )) oct: Cele cee, tous 25 26 
Switzerldnd: ⁰Ü¹b A MD ME. ĩͤ EE. 8 7 
E ede oe ees 421 550 836 1,317 1,035 1,662 
United Kingdom............... 317 548 655 1,267 695 1,083 
(OCG AA 22 2. 22: 8,443 6,352 6,332 10,348 6,543 10,508 


1 Less than } unit. 


WORLD REVIEW 


It has become increasingly evident that 
world demand for natural rutile will pro- 
gressively outstrip supply, and although 
development and investigation of programs 
aimed at upgrading ilmenite along several 
separate lines are well advanced both in 
the United States and overseas, no signifi- 
cant output of artificial titania from this 
source is expected before 1972-73. Both 
chlorination and leaching methods have 
been proposed to eliminate iron from the 
ilmenite. In the United States, Gulf Chem- 
ical and Metallurgical Corp. has produced 
and delivered limited amounts of synthetic 
rutile from its hydrochloric-acid leaching 
plant at Texas City, Tex. The ilmenite 
treated came from Cable (1956), Ltd., in 
Western Australia.. Benilite Corp. of Amer- 
ica has announced plans to construct a 
plant capable of producing up to 100,000 
tons of beneficiated ilmenite annually at 


Corpus Christi, Tex. The plant will em- 
ploy a process perfected by Benilite, which 
involves partial reduction of the iron ox- 
ides in the ilmenite feed before leaching 
with hydrochloric acid. In India, Dhranga- 
dhra Chemical Works, Ltd., is reportedly 
using a process similar to that of Benilite 
Corp. to produce about 5,000 tons per year 
of artificial rutile. In England, British 
Titan Products Co., Ltd., and Woodall- 
Duckham, Ltd., have been cooperating to 
develop a synthetic rutile process and have 
constructed a pilot plant at Grimsby. In 
Australia, Western Titanium N.L. contin- 
ued to operate a semicommercial beneficia- 
tion plant at Capel, Western Australia, 
employing a process developed largely by 
the Commonwealth Scientific and Industrial 
Research Organization (CSIRO). Another 
CSIRO process has been under investiga- 
tion by Murphyores Holding, Ltd. for use 
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on mineral from its Gladstone deposit. 
Selective chlorination was being investi- 
gated by Rutile and Zircon Mines (New- 
castle), Ltd., through its subsidiary, Chlo- 
rine Technology, Ltd. This process was to 
be evaluated in a pilot plant being built 
at Mt. Morgan. The largest titanium diox- 
ide pigment producer in Japan, Ishihara 
Sangyo Kaisha, was reportedly building a 
$5.5 million, 44,000-ton-per-year rutile-sub- 
stitute plant at Yokkaichi, central Honshu 
Island. Startup, scheduled for some time in 
1971, will follow a flow scheme that the 
company has developed and piloted since 
1969. 

Australia.—Exploration and development 
activity continued at a high level in 
beach-sand heavy-mineral deposits on both 
the east and west coasts. The Queensland 
Government denied mining leases to two 
Australian mining firms that sought to 
mine 6,000 acres of rutile-rich coastal land 
in the Cooloola area, about 100 miles 
north of Brisbane. The action culminates a 
6-year battle to save the area by leading 
conservationists. 


Table 11.— Titanium concentrates: 
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Minera] Deposits, Ltd. (85-percent 
owned by NL Industries of the United 
States), commissioned a new 300-ton-per- 
hour mining plant north of Tuncurry, 
New South Wales. Concentrate from this 
plant will be treated at the recently ex- 
panded dry-separation plant at Hawk's 
Nest. 

Consolidated Rutile, Ltd., announced 
plans for a substantial increase in the ca- 
pacity of their dry mill at Meeandah on 
the Brisbane River, Queensland. Rutile 
production was to be increased to 75,000 
tons per year by late 1971. The company 
was granted a contract late in the year to 
sell 50,000 tons of ilmenite to Japan, the 
biggest single contract for the sale of il- 
menite from the east coast of Australia. 

Associated Minerals Consolidated, Lim- 
ited, completed mining operations on 
South Stradbroke Island, Queensland, in 
March 1970, and the dredge-concentrator 
unit was subsequently transferred to North 
Stradbroke Island where it is currently in 
operation. The company's separation plant 
at Wyong was closed in June. 


World production (ilmenite and rutile), 


by countries 
(Short tons) 


Country ! 1968 1969 1970 » 
Ilmenite: 

hn. r 619,481 r 794, 308 977,400 
e AAA . y EE 19,710 r 22,358 NA 
Canada (titanium slag) 4_____ o o occ oo 672,867 749,281 844,706 
Ceylon EE EEN 82,238 91,327 90,291 
Finlañd EE r 153,772 152,339 166,449 
J ͥ % ³¹Üquꝓtdld A EE LE 64, 733 r 56, 708 87, 000 
Japan (titanium slag) gz 4,624 5,617 8,683 
Malaysia (ex ports) 138,698 r 146,197 212,145 
INOF WAV AAA eee ͥ r 8 r 443, 366 540, 945 638,193 

FH ³Ü¹i¹ä : vt . he ete r 666 552 
South Africa, Republic of̃llnwwmnw „„ 18,194  .......... 
Spall ie A A Der ene ⁰yd y 43,583 r 32,471 48,498 
United Arab Republic „„ DAD. Sa Qos Os 
United States us a 8 978,509 931,247 867,955 
Tola o Mc oes cid si a a idos r 3,222,247 3,541,769 3,941,574 

Rutile: 

Ash bere ee dió r 322,131 r 399,100 405,735 
Brazil: ee tata Sn ea o em els AE RE 12 r 10 NA 
A A E “V 1,270 r 3,036 e 8,000 
o EIA AA AAA 2,961 r 2,751 2,756 
Sierra Leone enn eee eee ee r 6,304 r 31,379 48,593 
South Africa, Republic o. 55530 
United States__ EE 
Total A ²˙A . ⅛˙ ˙Ä ! r r 332,792 r 436,819 460,084 
e Estimate. » Preliminary. r Revised. NA Not available. W Withheld to avoid disclosing individual 


company confidential data. 
1 


itanium concentrates are produced in the U.S.S.R. but no reliable figures are available. 


2 Includes leucoxene. 
3 Production—Comissao Nacional de Energia Nuclear only. 
4 Containing approximately 70-72 percent TiO». 


5 Includes a mixed product containing ilmenite, leucoxene, and rutile. 


6 Total is of listed figures only. 
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Coastal Rutile, Ltd., started dredging 
and concentrating heavy minerals in the 
Tewantin area, approximately 100 miles to 
the north of the port of Brisbane. Final 
production of rutile concentrate is being 
carried out at a small, dry separation 
plant at Brisbane, the heavy mineral con- 
centrate recovered in the wet plant operat- 
ing at Tewantin being transported down 
the coast by barge. Dillingham Corp. and 
Signal Oil and Gas Co. through its subsidi- 
ary, Signal Pacific Co., have completed 
agreements to acquire mining rights and 
certain plants and equipment from 
Murphyores. According to the newly signed 
agreement, Dillingham-Signal will pay $1.2 
million plus royalties for an operating dry 
mill at Cudgen, N.S.W., several coastal pri- 
mary treatment plants, a large modern 
warehouse on the Brisbane River, and sub- 
stantial mineral reserves held by N.S.W. 
Rutile Mining Co. Pty., a Murphyores sub- 
sidiary. Mining rights have been acqujred 
on Moreton Island, as well as options to 
acquire rights to mine on Fraser Island off 
Queensland' central coast. These proper- 
ties are held by another Murphyores sub- 
sidiary, Murphyores, Inc., Pty., Ltd. 


Table 12.—Australia: Exports of 
ilmenite and rutile concentrates, 
by countries 
(Short tons) 


Destination 1968 1969 1970 p 
ILMENITE ! 

France. ............- 134,635 123,895 98,626 
Germany, West 852 56,741 1 
r 75,501 127,369 223,801 
United Kingdom 173,144 258,665 204,531 
United States 93,599 41,091 89,170 
Other countries 23,689 26,741 30,931 

Total 443,420 634,502 647,060 

RUTILE 

Canada 26, 649 2,993 11, 726 
Fran fte 9, 668 6,061 6,034 
Germany, West. 7,865 10, 995 5,959 
Japan- .-.----------- 34,287 32,331 33,058 
Netherlands......... 18,325 24,363 36,050 
United Kingdom..... 18,572 34,773 37,437 
United States 64,528 168,386 192,746 
Other countries 39,300 55,105 45,279 

Total 319,194 335,007 368,289 


p Preliminary. 

1 Includes leucoxene. 

Belgium.—NL Industries has announced 
plans to increase titanium dioxide produc- 
tion capacity at its plant operated by De- 
rives du Titane, S.A., a wholly owned 
Belgian subsidiary. The plant, located at 
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Langerbrugge, will be enlarged to produce 
a minimum of 40,000 tons of pigment pro- 
duced by the sulfate process. The new fa- 
cilities are expected to be in operation by 
late 1971. 

NV Bayer, the Belgian subsidiary of Far- 
benfabriken Bayer AG, commissioned a 
new 20,000-ton-per-year titanium dioxide 
pigment plant in Antwerp early in Janu- 
ary. The plant will employ the conven- 
tional sulfate process and consume Sorel ti- 
tanium slag as the raw material. 

Brazil.—In 1969, a new company was 
formed, Titanio do Brasil, S.A. (TIBRAS) , 
to produce titanium dioxide from im- 
ported ilmenite at a plant at Arambepe on 
the coast, 58 kilometers north of Salvador, 
Bahia. The plant will utilize a sulfate 
process developed by Laporte Industries, 
Ltd., an English firm, which has licensed 
TIBRAS to use it. Initial production of 
pigment is scheduled for 1971 at an an- 
nual rate of 22,000 metric tons of Ti02 per 
year. By the end of 1970, the plant had es- 
sentially been completed, and the sulfuric 
acid unit had begun producing acid from 
imported sulfur. TIBRAS also formed a 
new company, Rutile e Ilmenita do Brasil, 
S.A. to commence large-scale production of 
mineral sands in southern Bahia. A 50-per- 
cent interest. in this company will be 
owned by Industrial Mining and Invest- 
ment, Ltd., a private concern linked with 
Australias Kathleen Investments Group. 
The company has rights over five explora- 
tion areas and, if sufficient heavy mineral 
can be proved, dredging and separation 
operations will start in 1972 or 1973. 

Currently only one plant produces tita- 
nium dioxide in Brazil, Companhia Quím- 
ica Industrial S.A. CIL, in Sáo Paulo. 

What may be a major deposit of tita- 
nium at Tapira, located 50 kilometers to 
the south of Araxá in western Minas Ger- 
ais, is being explored. This volcanic chim- 
ney has been known for many years as an 
interesting but not necessarily commercial 
occurrence of pyrochlore. Reportedly, the 
Ti02 is found with the pyrochlore as per- 
ovskite or anatase. No active development 
has taken place although the Government 
has done considerable drilling in the area. 


France.—Tioxide, S.A., a subsidiary of 
British Titan Products, is to increase pro- 
duction capacity for titanium dioxide from 
31,000 long tons per year to 60,000 tons by 
mid-1972. The new plant will use the sul- 
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fate process. This is the second capacity 
increase of titanium dioxide at Tioxide’s 
Calais plant in the last 2 years. In 1969 
the company completed a small expansion 
of 6,000 tons. It is expected that this latest 
capacity increase will be the last at Tiox- 
ide to use the sulfate method. 

Thann et Mulhouse is also planning to 
increase the titanium dioxide capacity at 
its Le Havre site, to 110,000 tons per year 
by 1972. This plant was increased from 
52,000 to 61,000 tons per year in 1969 and 
will shortly be at 78,000 tons per year. 

India.—Indian Rare Earths Ltd., an- 
nounced plans to double capacity of its 
Chavara dry separation plant by the end 
of 1972. The plant will be capable of pro- 
ducing 100,000 tons of ilmenite and 6,000 
tons of rutile annually. 

Italy.—Montecatini-Edison S.p.A. will 
build a 30,000-ton-per-year chloride-process 
titanium dioxide plant at Scarlino on the 
coast of Tuscany where a 55,000-ton-per- 
year sulfate titanium dioxide plant is near- 
ing completion. 

Japan.—Japan's total production of tita- 
nium sponge by two producers, Osaka 
Titanium Co., Ltd., and Toho Titanium 
Co., Ltd., was 10,174 short tons. Titanium 
slag production by Hokuetsu Metal Co., 
the only producer now operating, was 
8,683 short tons. Shipments of sponge to- 
taled 9,480 short tons, of which 4,740 was 
for domestic consumption; exports ac- 
counted for an equal amount. A third 
sponge producer, New Metal Industry Co., 
began trial operations of its newly in- 
stalled sponge plant toward the end of the 
year. The plant has a capacity of about 
200 tons per month and employs a one- 
step sodium-reduction process developed by 
Nippon Soda. 

Japan’s largest producer of titanium 
dioxide pigment, Ishihara Sangyo Kaisha, 
Ltd., is to build a new 30,000-ton-per-year 
chloride-process pigment plant. The new 
plant will employ the process of the Amer- 
ican Potash and Chemical Corp. under li- 
cense. Tohoku Chemical Co., 50 percent 
controlled by Japan's second ranking pro- 
ducer of titanium dioxide pigment. Sakai 
Chemical Industry Co., was formed to 
build and operate a 15,000-ton sulfate- 
process titanium pigment plant at Akita. 
The plant is expected to be completed be- 
fore the end of 1971 and will increase Sak- 
ais titanium dioxide capacity to approxi- 
mately 40,000 tons per year. 
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Table 13.—Malaysia: Exports of 
ilmenite, by countries 


(Short tons) 

Destination 1968 1969 1970 
Japan- ------------ . 188,472 146,187 1187,547 
Netherlands. 223 
Singapore 3 10 NA 

Total. 138,698 146,197 2212, 145 


NA Not available. 
1 Japanese imports. 
2 Total as reported. 


Korea, Republic of.—A small titanium 
dioxide pigment plant based on the sulfate 
process is to be built at Inchon by Han- 
kuk Titanium Co. The plant will be engi- 
neered by Meiji Sangyo Co., Ltd., of 
Japan, and will have an initial capacity of 
3,500 tons per year. It is expected to be on 
stream before the end of 1971. 

Norway.—Plans for the expansion of il- 
menite mining operations at Tellnes, Nor- 
way, by Titania A/S, an affiliate of NL In- 
dustries, were announced in the first half 
of the year. The $6 million expansion will 
increase production to 1 million tons per 
year of concentrate within the next 2 
years. Capacity was boosted from its initial 
300,000-ton rate to 500,000 tons per year in 
1969 and was to be at a 650,000-ton level 
by September of 1970. At the projected 1- 
million-ton rate, the Tellnes deposit is ex- 
pected to last for at least 100 years. 

Sierra Leone.—A consortium of two Ger- 
man firms, Farbenfabriken Bayer AG, and 
Preussag A.G., was granted a prospecting 
license by the Sierra Leone Government 
over a 3,000-square-mile concession. The 
concession area is adjacent to the lease 
held by Sherbro Minerals. Ltd. Despite 
modifications to its plant, Sherbro Minerals 
was again unsuccessful in raising produc- 
tion to anything like its rated capacity of 
100,000 tons per year. Mining operations 
again failed to show a profit, and the com- 
pany reported a loss of about $3 million 
for the year. 

United Kingdom.—Laporte Industries, 
Ltd., inaugurated and placed in operation 
Europe's first full-scale plant to produce ti- 
tanium dioxide pigment by the chloride 
process. The new plant, which has a ca- 
pacity of 40,000 tons per year, is located at 
Stallingborough, Lincolnshire. British Titan 
Products, was also constructing a chloride- 
process plant at Greatham. The 30,000-ton- 
capacity plant is expected on stream early 
in 1971. 
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TECHNOLOGY 


The increasing demand for rutile in 
spite of dwindling reserves, has created 
considerable interest in the upgrading of 
ilmenite. Development of commercial up- 
grading processes was initiated in the early 
1960’s by the ilmenite industry in Western 
Australia. Though various processes devel- 
oped around the world have achieved rea- 
sonable success, full-scale commercial 
production of a consistent upgraded ilmen- 
ite product is not envisaged before 1972. 
The major mode of attack entailed in the 
several processes developed or being devel- 
oped involves increasing the Ti05 content 
to over 90 percent, and the reduction of 
impurities such as iron, chromium, and 
vanadium. Bureau of Mines personnel have 
reviewed the proposed processes for mak- 
ing a rutile substitute.4 

The Bureau of Mines and industry col- 
laborated in a program to determine the 
occurrence and recoverability of heavy 
minerals in the sand and gravel operations 
in Alabama. 5 


A U.S. patent covering a method of up- 
grading ilmenite was issued and assigned 
to National Lead Co. The patent de- 
scribes a method and apparatus for contin- 
uously leaching a metallized titaniferous 
iron ore to obtain a reduced - iron concen- 
trate suitable for chlorination in the pro- 
duction of titanium tetrachloride. Metal- 
lized ore is leached with dilute sulfuric 
acid in an upright leaching tower divided 
into a first rough-leaching zone and then a 
plurality of superimposed finish-leaching 
zones wherein successive portions of the 
iron content are leached out. 


A method for producing pure titanium 
by the alkali reduction of its chloride was 
patented.7 A reaction vessel is equipped 
with a three- outlet nozzle for discharging 
titanium chloride and molten magnesium 
entrained within an inert gas enveloping 
stream into a downwardly extending flame 
from the upper portion of the vessel. The 
stream of reaction products is then cooled 
to agglomerate the titanium particles but 
not the magnesium particles, so that a sep- 
aration can be made in a collecting cham- 
ber at the bottom of the vessel. 


A patent was granted for an improved 
laminar-flow sluice concentrator for con- 
centration of ilmenite and other finely di- 
vided ores. The patent was assigned to 


Carpco Research and Engineering, Inc. A 
laminar flow of ore solids is converged 
through a first zone so as to stratify the 
components. The flow is immediately di- 
verged into a second zone of laminar flow 
to decrease the depth and velocity of the 
slurry and to spread the strata evenly. The 
desired values fraction is then taken imme- 
diately from the slurry. Thus, ilmenite and 
rutile can be separated from zircon, garnet, 
and other commonly associated minerals.8 

Reflecting more advanced and sophisti- 
cated use of titanium, the producing in- 
dustry introduced several new products in 
1970. TMCA marketed stress-free, com- 
pletely flat titanium alloy plate; Reactive 
Metals introduced new 60-inch-wide tita- 
nium alloy and commercially pure tita- 
nium sheet. Valenite Division of Valeron 
Corp. unveiled tungsten carbide cutting 
tools, to which a thin super-hard coating 
of pure titanium carbide is metallurgically 
bonded. Gould, Inc., introduced a light- 
weight porous titanium fiber mat as a 
potential answer to the growing public 
concern over noise pollution generated by 
commercial jet aircraft? The titanium 
fiber material is strong, corrosion-resistant, 
accoustically absorbent, and 40 percent 
lighter than its steel fiber counterpart. The 
new mat is likely to find primary applica- 
tions in absorbing sounds from jet engine 
air intakes, auxiliary engines, and aircraft 
compartment walls. A special titanium 
brazing process was developed by Aeronca 
and used in producing the first full-sized 
brazed titanium honeycomb panel for the 
SST. Honeycomb panel is used for lightly 
loaded areas of the wing and tail assembly, 
an area of about 17,000 square feet per 
plane.10 

A new nonconsumable electrode process 
for melting and casting titanium and other 


* Work cited in footnote 2. 

5 Sullivan, G.V., and James S. Browning. Re- 
covery of Heavy Minerals From Alabama Sand 
and Gravel Operations. BuMines Tech. Prog. 
Rept. 22, 1970, 14 pp. 

6 Honchar, A.P. Method for Treating a Solid 
Particulate Material with a Solid. U.S. Patent 
3,529,933, Sept. 22, 1970. 

T Ingersoll, D.Y. Method for Producing Tita- 
nium and Other Reactive Metals. U.S. Patent 
3,535,109, Oct. 20, 1970, 6 pp. 

8 Tomlinson, W.B. Improved Laminar Flow 
Sluice Concentrator. U.S. Patent 3,509,997, May 
5, 1970, 6 pp. 

9 American Metal Market. V. 77, No. 99, May 
25, 1970, p. 15. 

10 American Metal Market. V. 77, No. 232, Dec. 
7, 1970, p. 16. 
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reactive metals was placed on the market. 
The Schlienger melting process can use 100 
percent titanium scrap, sponge, or combi- 
nations of sponge and scrap. The system 
basically consists of a material-feed process, 
and electrode assembly dipping into a wa- 
ter-cooled melting chamber. The latter in- 
cludes a water-cooled copper crucible and 
a unique water-cooled casting mold. The 
furnace system can be operated from vacu- 
ums in the micron range to positive 
pressures.11 
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The tendency of titanium metal to wear 
excessively has virtually restricted the use 
of titanium to nonmoving parts in aircraft 
and automobiles. In a new process, a 
tough metallurgical case is imparted to the 
surface of the metal by a 2-hour immer- 
sion in molten salt at 1,500? F. The metal 
is then cooled and water quenched.12 


11 American Metal Market. V. 77, No. 220, 
Nov. 18, 1970, pp. 1, 5. 

12 Materials Engineering. V. 71, No. 8, August 
1970, p. 41. 
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Tungsten 


By Richard F. Stevens, Jr. * 


During 1970 domestic production of 
tungsten concentrate rose 17 percent to 8.1 
million pounds of contained tungsten. Im- 
ports for consumption fell to a 29-year low 
of 1.3 million pounds. Exports of concen- 
trate increased threefold to 19.5 million 
pounds as the United States continued to 
be a net exporter of tungsten. To meet in- 
creased domestic demand, which rose by 28 
percent, 15 million pounds of tungsten in 
concentrate were purchased from U.S. Gov- 
ernment stockpiles during the year. 


Although the domestic price of tungsten 
concentrate during 1970 remained stabi- 
lized by the General Services Administra- 
tion (GSA) tungsten disposal program, 
and averaged about $49 per short ton unit 


(stu), the European price rose to about 
$80 per stu in late February and averaged 
$70 per stu during the year as shipments 
from China (mainland) were discontinued 
or significantly reduced. To fill the supply 
deficit caused by the withdrawal of 
Chinese exports, substantial amounts of 
tungsten purchased from GSA by traders 
were sent to West and East European 
countries. 

As a result of relatively large sales 
made in 1969 from GSA stocks, there ap- 
pears to be a significant amount of tung- 
sten that is uncommitted to the final con- 
sumer. 


1 Physical scientist (Metallurgy), Division of 


Ferrous Metals. 


Table 1.—Salient tungsten statistics 
(Thousand pounds of contained tungsten and thousand dollars) 


United States: 
Concentrate: 


Fg.. x 
Shipments__________ 886 


Consumption 
Releases from Government stocks 
e . eet 232 qe 
Imports, generals 
Imports for consumption______ 002. 
Stocks, Dec. 31: Mine and plants 


Primary products: 


Faun s asta eh 
Consumption. oo occ 


Stocks, Dec. 31: 


Producertr sg 


World: 
Ore and concentrate: 


e abc Educ Ed os 
Consumption 


1966 1967 1968 1969 1970 
DE W r7,170 * 7,496 6,904 8,105 
n 7,166 6,569 7,866 7,004 7,798 
-- $15,038 $13,562 $19,377 $18,195 $21,890 
€ 8,058 13,860 11,038 13,058 16,700 
En 8,273 6,393 3,225 38,314 14,993 
SE 101 974 623 7,151 19,470 
Se 4,203 2,004 1,824 1,534 1,299 
au 4,298 1,699 1,743 1,503 1,284 
PE 1,940 2,109 1,177 1,569 2,232 
-- 15,111 12,604 10,538 13,334 18,308 
--- 16,235 18,663 18,108 16,056 15,352 
E 4,660 5,168 4,747 3,392 4,467 
eis 1,640 2,518 2,364 1,778 2,698 
--- 63,085 62,725 68,380 70,749 174,017 
-- 65,441 62,628 64,410 76,889 83,603 


r Revised. W Withheld to avoid disclosing individual company confidential data. 


1 Estimated tungsten content. 
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Legislation and Government Programs.— 
On March 4, 1970, the Office of Emergency 
Preparedness (OEP) changed the non- 
nuclear war stockpile objective and sub- 
objectives for tungsten and tungsten-bearing 
materials as follows: 


Old New 
Material objective objective 
Tungsten ore, lb. W 
content 35,785,000 55,655, 000 
Tungsten ce powder: 
Poun eT 2,410 0,000 2,289,000 
Pounds W content (2, 000, ,000) (1, 900, 000) 
Tungsten, ferro: 
ounds 11 1,960,000 00 
Pounds W con- 
tent (1 ,800,000) (.........- ) 
Tungsten, metal pow- 
der, hydrogen re- 
uced: 
Pounds 1......... 1,880,000 1,410,000 
Pounds W con- 
e a (1,600,000) (1,200,000) 
— metal pow - 
der, carbon reduced: 
Pounds 1......... 590,000 645,000 
Pounds W con- 
tent. (500, 000) (547, 000) 
Tungsten, crystalline 
carbide: 
Pounds 1 1,375,000 (2) 
Pounds W con- 
tent (1, 100, 000) (2) 
Total tungsten, lo 44,000,000 60,000,000 


Paqui uivalent amount of tungsten in concentrate 
isede to produce this form. 
2 Removed from list. 


Through January 1970 the GSA contin- 
ued disposing of tungsten concentrate for 
domestic consumption only, on a “first- 
come, first-serve” basis at a “shelf price” of 
$43 per stu. The price was adjusted for 
premiųms and penalties, and GSA sold 2.3 
million pounds of contained tungsten at 
an average price of $42.99 per stu. 

In April about 1.4 million pounds of 
tungsten contained in concentrate was sold 
for domestic consumption only, on the 
basis of sealed bids at adjusted prices, 
ranging from $47.99 to $52.01 per stu. The 
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average price of the tungsten concentrate 
sold in April was $49.99 per stu. Over 10.4 
million pounds of tungsten in concentrate 
was awarded, for domestic consumption 
only, in June, at a second sealed bid sale. 
Prices ranged from $48.02 to $60.58 per stu 
and averaged $50.43 per stu. 


On July 10, 1970, a new tungsten dis- 
posal bill was signed into law (P.L. 
91-325) which authorized the disposal of 
I00 million pounds of tungsten excess to 
stockpile requirements. However, since 
OEP increased the basic tungsten objective 
in March, only about 71 million pounds of 
tungsten was available for disposal. Late in 
July a joint Government-industry meeting 
was held to discuss various methods of re- 
leasing the tungsten that would be accept- 
able to all sectors (producing, consuming, 
and trading) of the tungsten industry. 
The announcement of GSA'"s two-phase 
disposal policy was made on October 22 
and finalized on December 11. Under one 
phase, excess tungsten concentrate was of- 
fered to domestic consumers only, on a 
“first-come, first-serve,” basis at a “shelf 
price” of $55 per stu adjusted for premiums 
and penalties. About 325,000 pounds of 
tungsten in concentrate was sold late in 
December at an average adjusted price of 
$53.48 per stu. Under the second phase of 
this program, tungsten concentrate for ex- 
port was offered for sale on a sealed bid 
basis, however, the price of material sold 
could not be below the adjusted “shelf 
price” ($55 per stu). No sales under this 
phase were reported in 1970. 


In addition to other stockpile releases 
during the year, a sale of approximately 
561,000 pounds of tungsten was made in 
April under a U.S. Army contract for shell 
cores and ordnance projectiles. Because 
this material, subcontracted to Kennametal, 
Inc., was for U.S. Government use, the price 
was reduced by the amount of U.S. duty 
($5.55 stu) from $43 to an adjusted aver- 
age of $37.43 stu. 


TUNGSTEN 
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Table 2.—U.S. Government tungsten stockpile materials inventories and objectives 
(Thousand pounds, tungsten content) 


Inventory by program Dec. 31, 1970 


Material Objective National DPA Supple- Total 
(strategic) inventory mental 
stockpile stockpile 
Tungsten ore and concentrate: ! 
tockpile grade 55,656 73,748 13,049 3,304 90,101 
Nonstockpile grade 40,509 1,754 1,052 43,315 
Total inventor .... 114,257 14,803 4,356 133,416 
Ferrotungste nn 2141) cursos. ésas 2,141 
Tungsten metal powder, hydrogen reduced: 
Stockpile grade. ....................- 1,200 1.196. ix. xe 1,196 
Nonstockpile grade J. . Becas 102 
Total inventory „. 7 (Bassi 1.298 
Tungsten metal powder, carbon reduced: 
tockpile grade 547 5408 Ricas 546 
Nonstockpile grade. MG). 28sec, E 171 
Total inventor // TIT A | dues 717 
Tungsten carbide powder: 
tockpile grade 1,900 841 . ........ 1,080 1,921 
Nonstockpile grade... 1C7· as 112 
Total inventor/ʒ/ / 958 1,080 2,083 


! Includes 266,349 pounds of tungsten concentrate sold but unshipped. 


DOMESTIC PRODUCTION 


Tungsten mine production in 1970, stim- 
ulated by higher prices, rose 17 percent 
compared with the previous year, and 
mine shipments increased 11 percent. Al- 
though 47 mines in eight States reported 
production and/or shipments of tungsten 
concentrate in 1970, only two mines oper- 
ated continuously throughout the year: the 
Pine Creek mine and mill of the Mining 
and Metals Division, Union Carbide Corp., 
near Bishop, Calif.; and the Climax mine 
and mill of the Climax Molybdenum Co., 
a division of American Metal Climax, 
Inc. (AMAX), at Climax, Colo. Both 
companies reported increased tungsten pro- 
duction in their 1970 annual reports. At 
Pine Creek, tungsten was the major min- 
eral value recovered along with minor 
amounts of molybdenum, copper, silver, 
and gold. Union Carbide processed schee- 
lite ore on a “straight through” basis 
and produced ammonium  paratungstate 
(APT), an intermediate processed form of 
tungsten suitable for ready conversion to 
tungsten metal powder. At Climax, the 
major mineral value recovered was molyb- 
denum. Concentrates of tungsten, tin, pyr- 
ite, and monazite were recovered as by- 
products and were entirely dependent 
upon the rate of molybdenum pro- 


duction. Partially as a result of adding 
new equipment to its tungsten recovery 
plant, production of tungsten at Climax 
rose about 17 percent. In addition, a third 
operation, the Tungsten Queen mine and 
mill (the former Hamme mine) near Towns- 
ville, Vance County, N.C. was reopened 
during the year by its new owner, Ranch- 
ers Exploration & Development Corp. By 
yearend, the mill was operating at about 
60 percent of capacity. Early in 1971 the 
mill is scheduled to be operating at about 
90 percent of its initial designed capacity 
of 600 tons of huebnerite per day. Initial 
mill production is expected to reach 1.4 to 
1.5 million pounds of contained tungsten 
per year. A provision was made so that an- 
nual output can be readily expanded to 
2.3 million pounds of contained tungsten. 
Most of the concentrate recovered is re- 
portedly exported. When in full initial 
production, this mine will be the third 
largest domestic tungsten mining opera- 
tion. If production is expanded, the mine 
could rank with the second largest U.S. 
tungsten producer. Minor amounts of 
lead, silver, copper, and pyrite will also be 
recovered. The mine is currently estimated 
to contain proven and probable reserves of 
about 1 million tons of huebnerite ore av- 
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eraging from 0.50 to 0.55 percent WOs 
(tungsten trioxide). Through December 
1970 all of the production was sold at a 
producers price of $68.50 per stu. 
Additional intermittent tungsten produc- 
tion and/or shipments were also reported 
from Mohave, and Santa Cruz Counties, 
Ariz.; Inyo, Madera, San Bernardino, and 
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Tulare Counties, Calif.; Lake County, 
Colo.; Custer County, Jdaho; Churchill, 
Elko, Humboldt, and Pershing Counties, 
Nev.; and Tooele County, Utah. The exact 
source of small quantities of tungsten pro- 
duction in California, Nevada, and Montana 
was unknown and credited to “Undistrib- 
uted.” 


Table 3.—Tungsten concentrate shipped from mines in the United States 


Quantity 
Year Short tons Short ton 
60 percent units 
WO; basis WO: 
1 6f L Su 2 7,580 451,772 
19 o 6,901 414,119 
9 ⁰ 8,264 495, 891 
1939. 8 7,360 441, 547 
/. 8,194 491,621 
r Revised. 


Reported value f.o.b. mines ! 


Tungsten Average Average 
content Total per unit per pound 
(thousand (thousand) of WO, of tungsten 
pounds) 
7,166 $15,038 $33.29 $2.10 
6,569 13,562 32.75 2.06 
7,866 19,377 39.07 2.46 
7,004 18,195 41.21 2.60 
7,798 21,890 44.53 2.81 


1 Values apply to finished concentrate and are in some instances f.o.b. custom mill. 
2 A short ton unit equals 20 pounds of tungsten trioxide (WO:) and contains 15.862 pounds of tungsten. 


National Lead’s antimony mill at Love- 
lock, Nev., was converted into a tungsten 
mill with the installation of new equip- 
ment and the rearrangement of existing 
mill circuits. 

A commercial tungsten discovery by Sil- 
ver Star-Queens Mines near Wells, Nev., 
was reportedly sufficient to warrant con- 
struction of a new mill. The limited ex- 
ploration program conducted to date indi- 
cates an ore body of at least 30,000 tons, 
averaging 0.7 to 1.0-percent WOz. Until 
additional exploration is conducted to 
prove the extent of the ore body, no spe- 
cific size for the mill can be determined. 
Initially, selective shipments of high-grade 
ore will be sent to Silver Star’s tungsten 
mill at Gold Hill, Utah. The Gold Hill 
mill processes about 50 tons per day from 
Silver Star’s nearby Yellow Hammer tung- 


sten-copper mine. The concentrated Yellow 
Hammer ore was sold to Nevada Scheelite 
Division of Kennametal, Inc., at Fallon, 
Nev. 

General Electric Co. (GE) awarded a 
tungsten concentrate purchase contract to 
Tungsten Properties Ltd., of Imlay, Nev. 
The contract will enable the Segerstrom 
family to reopen their property at Tung- 
sten, Nev., which formerly operated as the 
Nevada-Massachusetts Co. A plant to proc- 
ess tailings was being constructed, and 
plans were underway for mining and con- 
centrating tungsten ore. 

A report issued during the year covered 
the number of employees, wages, value 
added in mining, cost of supplies, value of 
shipments, and capital expenditures in the 
tungsten ore and ferroalloy industries.2 


CONSUMPTION AND USES 


Tungsten carbides continued to repre- 
sent the major end use of tungsten, ac- 
counting for 46 percent of the total con- 
sumption. Consumption of intermediate 
tungsten products used to make the end 
use items was: tungsten carbide (38 per- 
cent), tungsten metal powder (34 per- 
cent), scheelite and scrap (21 percent), 
and ferrotungsten (7 percent) . 

Several special reviews of tungsten were 
published that discussed and evaluated 


supply-demand patterns and projected 
these relationships to future years.3 


2 Bureau of the Census. 1967 Census of Min- 
eral Industries: Tungsten Ores and Ferroalloy 
Ores, n.e.c. U.S. Department of Commerce, Prel. 
Rept. MIC67(P)-10C-3, March 1970, 6 pp. 

3 American Metal Market. International Molyb- 
denum Report, Sec. 2. Aug. 31, 1970, 16 pp. 

. Recycling: Practical Answer to the Prob- 
lems of Air Pollution, Water Pollution, Solid 
Waste, Sec. 2. 1970 Secondary Metals Supp., Mar. 
6, 1970, 42 pp. 

. Tungsten Section, Sec. 2. Feb. 16, 1970, 


24 pp. 

Griffith, Robert F. Tungsten. Ch. in Mineral 
Facts and Problems. BuMines Bulletin 650, 1970, 
pp. 399-415. 
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Figure 1.—Domestic shipments, imports, consumption, and average price of tungsten 
ore and concentrate. 
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The Chemical and Metallurgical Divi- 
sion of Sylvania Electric Products, Inc. 
began construction of a new two-story, 
52,000-square-foot plant in Towanda, Pa., 
to chemically process low-grade tungsten 
ores. The liquid ion exchange (LIX) facil- 
ities will provide a significant increase in 
the production of APT from scheelite or 
wolframite. Partial occupancy of the new 
plant was expected in March 1971 and the 
new production facility was scheduled to 
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be in full operation by November 1971. 
Prior to the adaption of this LIX system 
Sylvania recovered tungsten almost exclu- 
sively from wolframite. 

During the year the Stellite Division of 
Union Carbide Corp. in Kokomo, Ind., was 
purchased by and became an operating 
unit of the Cabot Co. MER Refractory 
Metals Inc., of Springfield, N.J., became a 
subsidiary of the Whittaker Corp. 


Table 4.—Production, shipments, and stocks of tungsten products in the United States 
(Thousand pounds of contained tungsten) 


Hydrogen Tungsten 
and carbide powder 
carbon — Tn Chemicals Other 1 Total 2 
reduced Made from Crushed 
metal metal and 
powder powder crystalline 
1969 
Gross production during year.......... ,205 5,531 2,881 11,556 2,599 31,722 
Used to make other products listed here. 0 517 AS 10,418 1,452 18,387 
Net production , 688 5,531 2,831 1,138 1,147 13,334 
Shipments 3333322 8,756 5,571 8,414 7,019 2,640 27,400 
Producer stocks, rir em D suu Sus 1,369 216 408 1,180 220 3,892 
Gross production during year.......... ,478 5,031 2,847 16,413 2,354 36,122 
Used to make other products listed here. h/ eegen 11,875 .......- 17,814 
Net production , 589 5,031 2,847 4,538 2,354 18,308 
Shipments 3222 7,840 4,912 2,961 10,632 2,386 ,78 
Producer stocks, December 12 1,772 881 701 1,411 202 4,467 


1 Includes ferrotungsten, scheelite (produced from scrap), nickel-tungsten, self-reducing oxide, pellets, and 


scrap (1969). 


2 Data may not add to totals shown because of independent rounding. 
3 Includes quantities consumed by producing firms for manufacture of products not listed here. 


Table 5.—Consumption, by end uses, and stocks of tungsten products 
in the United States in 1970 


(Thousand pounds, contained tungsten) 


Ferro- Tungsten Tungsten Other 
tungsten! metal carbide tungsten Total . 
powder? powder materials? 
Steel: 
hh ³ð // xeu. 8 W W 
Stainless and heat resis ting 121 N 131 252 
Alloy (excludes stainless and heat resist ing) 185 J. o W W 185 
17!!!!k y Tuta ses 601 N 874 1,475 
rr »» 8 
„ NEEN 49 W W 216 265 
Alloys (exclude alloy steels and superalloys): 
Cutting and wear resistant materials W 1,042 5,311 675 7,028 
Other alloys 3. 46 W 106 549 
Mill products made from metal powder.......... .......- 3,306 W w 8,306 
Chemical and ceramic uses W W W 
Miscellaneous and unspecified-_ o o 39 426 476 1,350 2,291 
Totali EE 1,049 5,171 5,787 3,853 15,352 
Consumer stocks Dec. 31, 197000 361 643 659 1,085 2,698 


W Withheld to avoid disclosing individual company confidential data, included in “Miscellaneous and 


unspecified.” 
1 Includes melting base self-reducing tungsten. 


2 Includes both carbon-reduced and hydrogen tungsten metal powder. 

3 Includes tungsten chemicals, natural and synthetic scheelite, tungsten scrap, and other. 
4 Data may not add to totals shown because of independent rounding. 

5 Includes welding and hard-facing rods and materials and nonferrous alloys. 
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A significant contribution to manufactur- 
ing productivity was the commercial devel- 
opment of titanium-coated, tungsten car- 
bide cutting tools, which speed production 
and last two to three times as long as 
uncoated cutting tools. The thin (0.0002 
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to 0.0003 inch) titanium carbide coatings 
are vapor deposited on tungsten carbide 
tools and significantly reduce the coefficient 


of friction between the tool and work- 


pieces. 


PRICE AND SPECIFICATIONS 


Throughout the first 4 months of 1970 
the price of imported tungsten ore and 
‘concentrate was quoted at $43 (nominal) 
per short ton unit (stu). From June 
through early October, the nominal quoted 
price ranged from $50 to $55 per stu. 
These prices followed those paid to GSA 
for purchases of tungsten concentrate from 
Government stockpiles. Effective in mid- 
October, the price was quoted at $55 
(nominal) per stu and reflected the new 
“shelf price” set by GSA. As quoted in 
Metals Week and in Metal Bulletin (Lon- 
don), the world tungsten price, shown in 
table 6, remained above the nominal GSA 
price ($43 to $55 per stu) during the year. 
The world price reached its highest quota- 


tion in February when it was reported at 
758 shillings per long ton ($81.32 per stu) . 
Because of this price differential, the 
United States continued to be a net ex- 
porter of tungsten concentrate during the 
year. 

The cause of the high European price 
was reported to be due almost entirely to 
the continued reduction of tungsten ship- 
ments from mainland China. This action 
forced most of the industrialized countries 
of East and West Europe, which had pre- 
viously received all or a significant amount 
of their supply from mainland China, to 
seek most of their tungsten requirements 
from free world sources. The price of APT 


Table 6.—Monthly price quotations of tungsten concentrate in 1970 


Wolfram and scheelite: 
London market, shillings 
per long ton unit of WOs, 


Equivalent quotations, dollars 
per short ton unit of WO, 
60-percent basis 


60-percent basis: 


Month 
Low 

Jane 652 
February... estes 730 
. ⁵ĩð,K% y asam Lie 694 
))))ßGꝙ¼f0;. y NA 641 

LA A IN AAN 656 
ln 88 681 
e . IS 677 
Kü. 88 648 
September_________ l.c l clc... 620 
Ehe Rer y ĩ a endo ed 533 
November............-.-..-.2.22.2-.2-2 543 
Deemdee ie sal 568 


High Low High Average ! 
701 $69.93 $75.15 $72.54 
758 78.24 81.32 79.78 
730 74.38 78.24 76.31 
676 68.73 72.48 70.60 
703 70.61 75.42 78.02 
735 72.98 78.78 75.88 
733 72.62 78.65 75.64 
683 69.46 73.20 71.88 
652 66.45 69.93 68.19 
562 57.12 60.29 58.70 
579 58.19 62.11 60.15 
605 60.96 64.84 62.90 


1 Arithmetic average of weekly quotations. Equivalent 1970 average price $70.42; duty $5.55, equivalent 


average price, duty paid, $75.97 per short ton unit. 


delivered to contract customers, was in- 
creased during the year, and ranged from 
$56.38 per stu (metallurgical grade) to 
$58.43 per stu (catalytic grade). A conver- 
sion fee of $11 per stu was charged for 
converting tungsten concentrate to APT. 
The quoted prices of both carbon- and 
hydrogen-reduced -tungsten metal powder 
increased during the year, reflecting the 
higher price of tungsten concentrate. At 
yearend, carbon-reduced tungsten metal 
powder (99.8-percent purity in 1,000-pound 


lots) was quoted by Metals Week at $4.50 
per pound of contained tungsten, com- 


pared with the 1969 quotation of $3.06 per 
pound. The quoted price of hydrogen-re- 
duced tungsten metal powder (99.99-per- 
cent purity) rose, and ranged from $5.43 
to $6.36 per pound of contained tungsten 
at yearend 1970, compared with $4.91 to 
$5.75 in 1969. 


4 Wilson, R. A. TiC Coated Inserts Are Level- 
on Age, v. 206, No. 22, Nov. 26, 1970, pp. 
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In Metals Week, the quoted price of fer- 
rotungsten in lots of 5,000 pounds or 
more, 14-inch lump, packed, f.o.b. destina- 
tion, continental United States, 70 to 80 
percent tungsten, effective January 1, 1970, 
increased from $3.65 per pound of tung- 
sten to $3.75 per pound. The price of 
UCAR, Union Carbide’s special high-purity 
ferrotungsten, was increased from $3.86 to 
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$4.00 per pound of tungsten during the 
year. 

In 1970, the U.S. dealer (export) price 
of ferrotungsten was quoted at $4.50 per 
pound of tungsten. 

Although not quoted, the price of schee- 
lite concentrate for direct addition to steel 
melts was believed to be from about $47 
to $54 per stu, equivalent to about $2.96 
to $3.40 per pound of contained tungsten. 


FOREIGN TRADE 


Exports.—Exports of tungsten concen- 
trate (table 7), increased almost threefold 
in 1970. This represented material pur- 
chased from the GSA stockpile and 
shipped by traders primarily to Europe to 
take advantage of higher prices. Reexports 
of tungsten concentrate and products are 
listed in table 8. 

In 1970 exports of unwrought tungsten 
metal and alloys in crude form, waste, and 
scrap rose 64 percent to 1,463,101 pounds, 
gross weight, valued at $2,820,923 and were 
shipped primarily to West Germany (73 
percent), the United Kingdom (15 per- 
cent), and the Netherlands (7 percent). 
Tungsten and tungsten alloy powder ex- 
ports increased more than sixfold during 


the year to 404,862 pounds, gross weight, 
valued at $2,139,706. These exports were 
shipped to the United Kingdom (29 per- 
cent), Austria (26 percent), France, Japan, 
and West Germany (12 percent each) , and 
Canada (6 percent). 

In 1970, tungsten and tungsten alloy 
wire exports, primarily to West Germany 
(80 percent), Canada (17 percent), and 
Brazil (10 percent), rose 78 percent to 
110,986 pounds, gross weight, valued at 
$2,651,996. Exports of wrought tungsten 
and tungsten alloys fell 72 percent to 
105,723 pounds, gross weight, valued at 
$1,205,794. Shipments were primarily to 
West Germany (45 percent), Canada (22 
percent), and Japan (10 percent). 


Table 7.—U.S. exports of tungsten ore and concentrates, by countries 
(Thousand pounds and thousand dollars) 


1969 1970 
Country 
Gross Tungsten Value Gross Tungsten Value 
weight content! weight content! 
AUS cacas 86 44 $104 AA 
Belgium-Luxembourg. .............-- 618 319 824 2,634 1,359 $3,873 
nnd K 457 236 713 4 242 958 
Czechoslovak lA convo ces enge ⁵ usu ara. daba 1,837 948 8,382 
y . ee 649 385 1,004 452 233 80 
Germany: 
LN TEEN 1,452 749 2,284 1,556 803 2,481 
p rc 3,913 2,019 5,344 11,771 6,074 18,915 
¡A 93 48 144 A AAA 88 
A ees cence Su sz 26 14 » æ e ed 
Pf T—T—T— aga susSs 2,156 1,112 2,917 3,723 1,921 6,358 
Meese 3 (2) 2) 1 
Netherlands... 1,175 606 1,690 1,609 830 2,655 
PONG EE 548 283 796 3,004 1,550 4,538 
South Africa, Republic ofnnnnunu!. é „„ 300 155 565 
Wed ica a ez 246 127 424 1,708 881 2,595 
77% ͤ AAA LI LE cu mu 228 118 366 896 462 1,411 
United Kingdom. .................-- 2,212 1,141 3,224 7,778 4,011 12,584 
Tolo e 13,859 7,151 19,829 37,734 19,470 61,131 


1 Tungsten content estimated by multiplying the gross weight by a factor of 0.516 equal to 0.65 (to convert 
trom 65- to 100-percent WO; basis) times 0.7931 (to convert from WO; to W basis). 


than unit. 
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Table 8.—U.S. reexports of tungsten 
materials in 1970, by country 
and product 
(Pounds, gross weight) 


Product and country Quantity Value 


Tungsten ore and concentrate: 


Germany, West 187,647 $341,447 
Tungsten wire: 
Netherlands 490 11,173 
Tungsten, wrought: 
Germany, West. 2,931 61,937 
Netherlands 93 3,929 
Sweden 795 1,042 
Total, wrought. .-.------- 3,819 66,908 


Because of the significant interest ex- 
pressed by industry and Government in 
the flow of processed tungsten products, 
effective Jan. 1, 1971, export data on ferro- 
tungsten and ammonium  paratungstate 
(APT), which previously had been in a 
“basket” category and consequently una- 
vailable will be reported separately. 

Imports.—During the year, general im- 
ports of tungsten concentrate and imports 
for consumption both decreased 15 percent. 

Imports of tungsten carbide during the 
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year, primarily from West Germany (40 
percent) and Canada (34 percent), in- 
creased over fivefold and totaled 73,275 
pounds of tungsten valued at $518,070. 
There continued to be no imports of semi- 
fabricated tungsten in ingots and shot dur- 
ing the year. 

Imports of tungsten waste and scrap 
containing over 50 percent tungsten, fel] 12 
percent to 27,763 pounds of tungsten val- 
ued at $149,835 in 1970 and were received 
primarily from West Germany (41 per- 
cent), Canada (28 percent), and the Neth- 
erlands (27 percent). During the year, im- 
ports of unwrought tungsten in lumps, 
grains, and powder increased elevenfold to 
74,659 pounds of tungsten valued at 
$491,682. These imports came primarily 
from West Germany (87 percent) and 
Mexico (12 percent). During 1970, imports 
of wrought tungsten increased by 40 per- 
cent to 6,946 pounds, gross weight, valued 
at $478,827. This material was imported 
from Austria (38 percent) and the Nether- 
lands (30 percent). 


Table 9.—U.S. imports 1 of tungsten ore and concentrates, by countries 


(Thousand pounds 


Country 

Gross 

weight 
Australia ee 235 
Cañada. oon Ui als 1,870 
MEXICO: our cs sere ee 2 
POP BEE 449 
Portugal a 8 168 
OL GSR es (aan ica da ans e ae 2,724 


and thousand dollars) 


1969 1970 
Tungsten Value Gross Tungsten Value 
content weight content 
132 //. oes, “ur 
1,046 2,234 2,048 1,234 $2,986 
1 1 45 27 70 
256 671 66 38 157 
99 Dre ESO tee ass 
1,534 3,527 2,159 1,299 3,213 


1 Data are general imports”; that is, they include tungsten imported for immediate consumption plus mate- 


rial entering warehouses. 


Table 10.—U.S. imports for consumption of tungsten ore and concentrates, by countries 


(Thousand pounds 


Country 

Gross 

weight 
ür ĩ⁵ 8 179 
Canada... — inse ĩ Eu Le 1,870 

Mi 

1 ³Ä;! LLL E 449 
iii ss eiue 168 
Total eaux LA EE 2,668 


and thousand dollars) 


1969 1970 
Tungsten Value Gross Tungsten Value 
content weight content 
101 % ðVAſĩ ee ook 
1,046 2,234 2,048 1,234 $2,986 
1 1 25 12 33 
256 671 66 38 157 
99 DIU EES 
1,503 3,445 2,139 1,284 3,176 


Table 11.—U.S. imports for consumption of tungsten and tungsten carbide forms 


(Thousand pounds 


Ingots, shot, bars, 


and thousand dollars) 
Wire, sheets, and 


$ and scrap other forms, n.s.p.f. Total 
ear EAS 

Quantity Value Quantity Value Quantity Value 
1968 AAA 8 44 $51 r 29 r $426 r 73 r $477 
ENER ote a ee res ar ce A 33 65 r 30 r 552 r 63 r 617 
11 ⅛ð v ĩ ĩ 35 173 190 1,560 225 1,733 
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Table 12.—U.S. import duties on all forms of tungsten 
(Tungsten content per pound of contained tungsten) 


Tariff Rate of duty ! 
classifi- Article 
cation Effective Jan. 1, 1970 Effective Jan. 1, 1971 
601.54 Tungsten ore $0.35 per pound $0.30 per pound. 
608.45 Other metal bearing materials in chief 
value tungsten..................- $0.294 plus 14 percent ad $0.25 plus 12 percent ad val- 
valorem. orem. 
607.65 Ferrotungsten...................... $0.294 plus 8.5 percent ad $0.25 plus 7.5 percent ad 
valorem. valorem. 
629.25 Waste and scrap containing by weight 
not over 50 percent tungsten....... $0.29 plus 8.5 percent ad $0.25 plus 7.5 percent ad 
valorem. valorem. 
629.26 Waste and scrap containing by weight 
over 50 percent tungsten. ......... 14.5 percent ad valorem. ... 12.5 percent ad valorem. 
629.28 Unwrought tungsten, except alloys in 
lump, grain and powder $0.29 plus 17.5 percent ad $0.25 plus 15 percent ad 
valorem. valorem. 
629.29 Unwrought tungsten ingots and shot... 14. M: percent ad valorem. ... 12.5 percent ad valorem. 
629.80 Unwrought tungsten, n. e. 17.5 percent ad valorem. ... 15 percent ad valorem. 
629.32 Tungsten alloys, unwrought, contain- 
ing by weight not over 50 percent 
tungsten. AA $0.294 plus 8.5 percent ad $0.25 plus 7.5 percent ad 
valorem. valorem. 
629.83 Tungsten alloys, unwrought, contain- 
ing by weig t over 50 percent tung- 
"172: A 17.5 percent ad valorem.... 15 percent ad valorem. 
629.35 Wrought tungsten.................. .....do................... O. 
416.40 Tungstic acid. cc. $0.29 plus 14 percent ad $0.25 plus 12 percent ad 
valorem. valorem. 
417.40 Ammonium Gungstate ----- 0 (© A p Re Dad Do. 
418.30 Calcium tungs tate. J40J%%G 8 Do. 
420.32 Potassium tungs tate o pau Do. 
421.56 Sodium tungst ate 9J7§öô 8 Do. 
422.40 Tungsten carbid ede 30. 294 plus 17 percent ad $0.25 plus 15 percent ad 
valorem valorem 
422.42 Other tungsten compounds, n.e.c..... $0.29 plus 14 percent ad $0.25 plus 12 percent ad 
valorem. valorem. 
423.92 Mixtures of two or more inorganic com- 
pounds in chief value tungsten..... ..... e Vo WEE Do. 


1 Not applicable to Communist countries. 


Imports of calcium tungstate during 
1970 decreased 8 percent and totaled 
19,064 pounds of tungsten valued at 
$164,706. This material was received from 
West Germany (85 percent) and the 
United Kingdom (15 percent) . 

There were no imports of material clas- 
sified as “Other Metal-Bearing Materials in 
Chief Value Tungsten” during the year. In 
previous years, this category was believed 
to primarily cover synthetic scheelite. Dur- 
ing 1970 there continued to be no imports 
of ferrotungsten. 


As in the previous 4 years, there were 
no imports of foreign tungsten concentrate 
into the Virgin Islands or shipments of 
processed tungsten products from the Vir- 
gin Islands to the continental United States 
during 1970. 

In accordance with the “Kennedy 
round” of tariff negotiations, the U.S. im- 


port duties on all forms of tungsten were 
further reduced, effective January 1, 1971, 
as indicated in table 12. 


WORLD REVIEW 


A meeting of the Working Group of the 
United Nations Committee on Tungsten 
was held in November at Geneva, Switzer- 
land. This eight-member body met to pre- 
pare a review of the prevailing world 
tungsten situation. It was composed of 
Government representatives from Australia, 
Austria, Bolivia, Portugal, South Korea, 
Sweden, the United States, and West Ger- 
many. Because the Working Group was 


also interested in the representativeness of 
tungsten price quotations, an official repre- 
sentative from the United Kingdom was 
invited to attend as an observer and to 
comment on the methods of determining 
tungsten price quotations used in the 
United Kingdom. Representatives from the 
Governments of France and the Nether- 
lands also attended the meeting as observ- 
ers. 
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Table 13.—Tungsten: World production by countries 
(Thousand pounds of contained tungsten) ! 


Country ? 1968 1969 1970 p 
North and Central America: 
Si AAA ͥ ͥ⁰ mqydͥ d r 2,855 3,223 2,956 
U /ͤù ê?˖7 ⁰ JZ ͤ¹ AAA da 207 arios Ee 
MECO . :. y a 8 586 635 586 
United sd is bi 7,496 6,904 8,105 
South America: 
ATROEATINA dd 408 322 e 260 
Bolivia ...........- ü EE r 3,904 4,059 4,068 
b EE EE r 957 2,222 2,557 
A A A ³ĩðV 8 r1,221 1,519 1,823 
Europe: 
A e r 809 353 e 350 
ali . yt 8 8 e3 
P ³o· dd d LED 3,049 2, 934 3, 935 
SDAl-- suci ⁵¾5iü y V x ⁰¼6 8 273 443 430 
PERA: MIO ⅛ h 13,700 14,300 14,800 
Africa: 
Congo (Kinshasa)... cou senses eek tit cid 86 Ek A 
RW AA ß ß MM DE SN 708 374 e 400 
South Africa, Republic off. 51 64 7 
South-West Africa, Territory of? 2.22. LLL ccc ccc lll Lll LLL lll 240 212 139 
Tanzania ANA MIA y 33 1 
: ͤöÄ˙Ü¹—6¹—. ũ ra Oe a ui y LE EU ELE E 97 117 152 
ia: 
Búrma hh ] Ü iqꝗſſſ A c ENEE r 430 353 419 
China, mainland ² ⁵ ?⁊ꝗ/ꝙù y a 17, 600 17, 600 17, 600 
//!!!P A he c nir j ͤ . EE 44 46 
Japan dor PC ˙·˙¹¹A 55 ⁰⁰ydv ⁰dymt y y U a MENS r1,177 1,343 1,493 
Korea, North e... ca e ß ß ue iL un 4,720 4,720 4,720 
Korea, Republic oꝶůꝶ Uk r 4,614 4,345 4,564 
EN nre uec yy y 8 143 304 300 
F ³Ü¹ w. ·o»-mwm. 2 D d ua LA z r 1,096 1,442 1,567 
Oceania: Australia „„ 2, 549 2, 756 2,743 
Toti sa e is aa o i f EE r 68,380 70,749 74,017 
e Estimate. p Preliminary. r Revised. 


1 Conversion factors: WO; to W, multiply by 0.7931; 60 percent WO; concentrate to W, multiply by 0.4758. 

2 In addition to the countries listed, the following also produced tungsten, but reliable data are not avail- 
able: Hong Kong, New Zealand, Nigeria, and Southern Rhodesia. 

3 Data are for the South-West Africa Co., Ltd. only, and are for the year ended June 30 of the year stated. 


Table 14.—World consumption of tungsten ores and concentrates, by countries 1 
(Thousand pounds, tungsten content) 


1968 1969 1970 » 
Actual consumption: 
AUSTRALIS o ma aa e 110 e 110 88 
RT O O 2,822 3,395 4,387 
AAA 0m ð yd x d. 8 1,182 1,049 e 1,100 
Sechs gs... 8 13,770 3,023 e 3,085 
Kee !; AO 94 e 200 e 200 
77! ⁰˙³ bas 4,993 7,302 8,962 
Portugal. os ⁰·ümw¹w ꝛ:v uL A Lt ay AE 525 
Sweden. E S ls earn LE Se 8 r 2,573 3,371 3,289 
United Kingdom... ot Se na LUE r 5,348 7,079 8,691 
United States... e a as ee 11,038 13,053 16,700 
Apparent consumption, including stock variations 
AAA A y 1,964 3,329 8,192 
Apparent consumption, excluding stock variations: 
Argenta E 119 66 e 77 
Belgium-Luxembourg. ++ - eee ee 79 275 2 70 
BFG ]VB/ſ/ſͥͤ ⁵ↄ ⁰ͥ⁰¶ 8 75 80 80 
China, mainland*. — ß . uestis Gee 1,375 1,400 1,450 
Germany: 
Bast Tp EM mw. Se es 430 800 850 
IA ³ðW mg y LLL r 5,622 9,299 7,112 
Hur ⁰⁰-m˙-h; 8 40 
//J0õõÜ˙7%?0ð3v0 (( ¾ f A ĩ 62 53 152 
Korea, NoMB?- ß ß EE 3, 500 3, 500 3, 500 
Netherlands. tii ð V 8 
Poland. 4 ͥ r 0 r ß 8 r 3,807 8,422 3,924 
South Africa, Republic of t... UU UU Seeerei 620 630 700 
1 causal )))... EE 128 26 e35 
O Apr A A A A A 13,750 14,400 14,650 
7ͤĩ§ö§.•kĩÜö³ A A ae r 64,410 76,889 83,603 
e Estimate. p Preliminary. r Revised. 


t In addition, the following countries are known or believed to consume tungsten concentrate but specific 
data are not available: Brazil, Denmark, Finland, Israel, Norway, Romania, Switzerland, Yugoslavia. 
2 Estimated by author of chapter. 


Primary Source: United Nations Committee on Tungsten. 
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Australia.—King Island Scheelite (1947) 
Ltd., a subsidiary of Peko-Wallsend Ltd., 
began a $10 million project to rebuild its 
open pit tungsten mining-processing com- 
plex at Grassy, Tasmania. A new concen- 
trator, being constructed 1 mile north of 
the existing complex on King Island, will 
have an initial annual capacity of 450,000 
tons of ore with provision for subsequent 
expansion to 600,000 tons per year. As part 
of the expansion project, a 1,600-foot break- 
water was being built on King Island to 
permit more rapid and efficient loading of 
ships. Feasibility studies conducted by both 
the Tasmanian and Commonwealth Gov- 
ernments recommended that a new deep- 
water port for King Island be located at 
Currie, rather than at Grassy, as requested 
by Peko-Wallsend. 

Abaleen Minerals N.L. estimated reserves 
of tungsten minerals at its property near 
Kempsey, N.S.W., to total 1.3 million short 
tons. Open pit mining operations were 
conducted and material was stockpiled at a 
rate of 500 tons of ore per day until mid- 
year, when a pilot plant with a crushing 
and treating capacity of 15 tons per hour, 
together with three separating tables, was 
put into operation. Abaleen conducted fur- 
ther tungsten exploration work in the lo- 
cality and plans to install a large volume 
treatment plant to process the company’s 
expanded wolfram reserves. 

Evaluation of old workings at the Spot- 
ted Dog tungsten deposit near Mt. Garnet, 
Queensland, by Overland Mining N.L., in- 
dicated the existance of at least 250,000 
tons of ore assaying 0.4 percent WOs, min- 
able by open pit operations. A recovery 
plant having an initial capacity of 500 tons 
of ore per week was established on the 
site. It is anticipated that the ultimate ca- 
pacity of this unit will be increased to 
1,000 tons per week. 

Bolivia.—The Chojlla mine of Interna- 
tional Mining Co. (50-percent owned by 
W.R. Grace & Co.) located northeast of La 
Paz in the Yungas region is the country's 
largest tungsten producer. Because of di- 
minishing reserves and current unfavorable 
foreign investment conditions, production 
was expected to decrease. Current mine ore 
production averages 0.76 percent combined 
tin and wolfram content. Ore in place, av- 
erages 0.44 percent tin and 0.32 percent 
wolfram, which indicates that the mill op- 
erated at top efficiency. A new mine in the 
same mountain, but above the Chojlla 
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workings, was being developed in an at- 
tempt to extend the known tungsten re- 
serves of the area. 

Brazil.—Scheelite concentrate averaging 
better than 70 percent WO: was produced 
in the Currais Novos and Lajes areas of 
Rio Grande do Norte. The Brejui mine re- 
mained the major operation in the district 
producing 1.2 million pounds of a 73-per- 
cent WOs concentrate. Work continued in 
the area by the joint Departmento Na- 
cional de Producáo Mineral—U.S. Geologi- 
cal Survey (DNPM—USGS) tungsten proj- 
ect team toward accumulating ore reserve 
information, developing improved mining 
methods, and designing a centralized mill- 
ing facility for the district. 

Burma.—During the year, the Burmese 
Government installed a new tin-tungsten 
smelter at Namtu with an improved capac- 
ity to provide concentrate for export 
rather than ore. 

Five technicians from the Soviet firm 
Tyazhpromexport conducted a rehabilita- 
tion survey of the Mawchi tin-tungsten 
mine under a contract with the Burmese 
Mineral Development Corp. (MDC). By 
mid-1970, Mawchi’s monthly production of 
mixed tin-tungsten concentrates was less 
than 50 tons, significantly under the tar- 
geted production of 100 tons of ore per 
month. 

West Germany signed an agreement with 
Burma for the rehabilitation of the 
Heinda tin-tungsten mines near Tavoy in 
the Tenasserim Division. German techni- 
cians attempted to rationalize the extrac- 
tion of tin-tungsten mineral ores from ex- 
isting mines in the Tenasserim area, rather 
than to develop new ones. 

Canada.—Production of high-quality 
scheelite concentrate by Canada Tungsten 
Mining Corp. Ltd.(CTMC), the country’s 
major tungsten producer, fell 8 percent in 
1970 at the mine and mill at Tungsten 
(formerly Flat River), Northwest Territo- 
ries, near the Yukon border. Mine produc- 
tion totaled 186,340 short ton units of WOs 
(almost 3 million pounds of contained 
tungsten) , and the concentrator was oper- 
ated at 94.68-percent capacity, treating an 
average of 512 dry tons of ore containing 
1.36 percent WOs per day.5 The concentra- 
tor operated on schedule for the first half 
of the year and averaged 80 percent recov- 


s Canada Tungsten Mining Corp. Ltd., (Can- 
ada). Annual Report 1970. Toronto, Canada, 
April 1971, 9 pp. 
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ery. As scheduled, a higher ratio of chert 
to skarn ore was mined at the open pit 
operation during the 1970 summer mining 
season. Treatment of this harder ore taxed 
crushing and grinding circuits beyond 
their rated capacity, resulting in a lower 
recovery for the second half of the year. 
Overall average scheelite recovery of WO3 
in 1970 dropped to 75.95 percent from 
78.81 percent in 1969, as the grade of ore 
milled fell from 1.54 percent WO; in 1969 
to 1.39 percent WOs in 1970. A continuing 
program was carried out to improve recov- 
ery and to determine the most economical 
and efficient methods of treating a blend 
of skarn and chert ore. 


In addition to the scheelite, 366,224 
pounds of byproduct copper was produced 
during the year, a decrease of 21 percent 
compared with 1969. This large decrease 
indicated that the concentration of byprod- 
uct copper in the scheelite ore fell signifi- 
cantly. 


On December 31, 1970, CTMC estimated 
its reserves of ore in place at 558,000 tons, 
averaging 1.56 percent WOs. In addition 
89,000 tons of ore averaging 1.43 percent 
WOs was stockpiled. The stockpiled ore 
contains about 2 million pounds of tung- 
sten. The stockpile material and esti- 
mated reserves are adequate to sustain the 
current rate of operation for about 4 years. 
CTMC announced that a study of methods 
for extending the mine's life indicated that 
to maintain the current production rate 
with the available lower grade ores, mill- 
ing capacity would have to be expanded to 
about 750 tons of ore per day.$ 

Encouraged by rising tungsten prices, Ca- 
nadian Exploration Ltd., a subsidiary of 
Placer Development Ltd., planned to begin 
production from its Invincible scheelite 
property near Salmo, British Columbia, in 
mid-October. The orebody was estimated 
to contain 480,000 tons averaging 0.65 per- 
cent WOz. Mining and milling was pro- 
posed to be conducted at a rate of about 
10,000 tons of ore per month. The com- 
pany will make use of milling equipment 
previously used in treating its Emerald 
and Dodger ore bodies in the same area 
during an earlier operation that was termi- 
nated in 1958. 


China, mainland.—The marked curtail- 
ment of mainland Chinese tungsten ex- 
ports was believed to be due to increased 
domestic consumption in steel production 
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and hard metal (carbide) uses and to the 
probability that China was stockpiling 
tungsten. 

Processing of tungsten concentrate to 
metal is done chiefly at two plants: one in 
Shanghai and the second in Peking. In ad- 
dition to producing tungsten metal, the 
Shanghai plant produces tungsten light 
bulb filaments, drawn wire, electronic tube 
grids and plates, and tungsten carbide 
tools. The Peking plant also reduces tung- 
sten ore concentrate to metal for use in 
the manufacture of electronic components. 
The Nan-ching Electric Tube Plant, al- 
though of lesser importance than the 
Shanghai and Peking plants, also produces 
tungsten metal. 

China produces most of its hard alloys 
(principally tungsten carbide) for cutting 
tools, rock drill bits, and precision instru- 
ments at the Tung Fang Alloy Plant in 
Kiangsi Province. The plant produces a 
wide variety of tools and other shapes 
from sintered tungsten carbide. Some hard 
metals and other relatively high tungsten 
alloys are produced at the Chung-Kiang 
Nonferrous Metal Plant. 


Mongolia.—Tungsten ore was recovered 
from the Ih Hairham and Burentsogt 
mines. The tungsten recovered from these 
mines was converted to concentrates at on- 
site mills before being shipped to the 
U.S.S.R. for further processing. 


Peru.—The Mitsui Mining and Smelting 
Co., Ltd., was scheduled to install a 10-ton- 
per-day capacity processing mill adjacent to 
the Acopalca mine (in Ancash Province) 
to mill high quality (4-percent WOz) 
tungsten ore. Reportedly, Mitsui plans to 
produce 120 tons per year of 65-percent 
WOs concentrate for shipment to Japan. 

Cerro de Pasco Corp. continued to be 
the major Peruvian tungsten producer. 
Output from its San Cristobol mine was 
concentrated at Cerro's nearby Mahr Tun- 
nel concentration plant. Output was in ex- 
cess of 70 tons per month. 


Poland.—Much or all of the tungsten 
formerly supplied to Poland by mainland 
China is now being obtained from Western 
countries. During the year, a Polish in- 
dustrial mission announced that it had of- 
fered to give Bolivia machinery and equip- 
ment to mechanize its mining industry in 


s The Northern Miner (Canada). Canada 
Tungsten May Up Mill To Handle Lower Grade 
Ore. No. 9, May 21, 1970, Canada, pp. 1, 8 
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exchange for 4,000 tons of tin, 80,000 tons 
of zinc, and 4,000 tons of tungsten. 


Portugal.—Beralt Tin and Wolfram 
Ltd., the country's major tungsten pro- 
ducer, announced that combined production 
of wolfram and tin concentrates in 1970 
was 18 percent higher than in 1969, but 
fell 66 tons short of the target owing to a 
labor shortage and low productivity in the 
long-wall stopes.7 It was apparent that the 
tin and copper content of the ore in- 
creased with depth. The mill continued to 
operate efficiently during the year, and the 
grade of concentrate was maintained at a 
high level. T'he selective screening and jig- 
ging plant installed at Barroca Grande 
during the previous year made it possible 
to increase output of the preconcentration 
plant and to discard a greater proportion 
of waste. 

Part of a major expansion at Beralts' 
Panasqueira mine and mill involved mak- 
ing alterations and increasing the capacity 
of an aerial ropeway, which transports ore 
from the mine to the beneficiation plant.8 
When completed by yearend 1970, the ex- 
panded system will increase capacity by 50 
percent to 2,400 tons. Through the use of 
modernized automated operations, the con- 
tinuing labor shortage will be offset. 

South-West Africa, Territory of.—The 
Nord Mining Co. of America announced 
plans to develop a new scheelite mine in 
the Rehoboth district south of Windhoek. 
At a projected production rate of 130,000 
tons per year, the life of the mine should 
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exceed 10 years. The mine was expected to 
initiate production late in 1971. 

Sweden.—AB  Statsgruvor announced 
plans to reopen the Yxsjóberg scheelite 
mine in central Sweden late in 1970 or 
early in 1971. Production capacity was ex- 
pected to be 500 tons of high-grade schee- 
lite (73 percent WOs) and about 100 tons 
of lower-grade scheelite per year. Most of 
the output will be used to meet the na- 
tion's domestic consumption requirements. 

United Kingdom.—The open pit Hemer- 
don tungsten mine, about 6 miles north of 
Plymouth and which was worked during 
World War II, was being reevaluated. Ex- 
ploration of the deposit in which the 
tungsten content appears to increase with 
depth, was being conducted to determine 
the extent and grade of the reserves. Me- 
tallurgical tests will be conducted to estab- 
lish suitable recovery practices that will 
yield recoveries of 60 to 70 percent. Inter- 
est in Hemerdon has grown as tungsten's 
price and demand increased, and reserves 
of present suppliers dwindle. With inferred 
reserves Of 5.6 million tons, proposals have 
been made for a 10,000-ton-per-day, large- 
scale, low-grade, open pit mining opera- 
tion. 

U.S.S.R.—An extensive new tin-tungsten 
ore deposit was reported in the Kazakhs- 
tan, and a second commercial tungsten ore 
deposit was located in the maritime terri- 
tory of the Soviet far east. To process and 
recover tungsten from this and another de- 
posit in the area, an ore dressing complex 
was reportedly being built. 


TECHNOLOGY 


Studies conducted by Bureau of Mines 
researchers evaluated methods of elec- 
trowinning tungsten from  wolframite 
(Fe, Mn) WO4] concentrates.2 Direct elec- 
trowinning from wolframite dissolved in 
molten sodium salt mixtures was unsuc- 
cessful, yielding impure products. Electro- 
winning from a  halide-tungstate melt, 
which was obtained by high-temperature, 
two-phase extraction of tungstic oxide 
(WOs) from wolframite, produced tung- 
sten metal of 99.9-percent purity. Tungsten 
carbide was electrodeposited from the 
halide-tungstate melt. 

Bureau metallurgists evaluated electro- 
won tungsten metal powder with respect 
to consolidation, fabrication, and mechani- 


cal properties.10 After being high-energy- 
rate extruded to 100-percent density, the 
material was rolled conventionally to sheet. 
The mechanical properties compared favor- 
ably with sheet prepared from commer- 
cially produced hydrogen-reduced tungsten 
powder. 


7 Beralt Tin and Wolfram Ltd. (London). An- 
nual Report and Accounts 1970. Apr. 20, 1971, 


6 pp. 

8 Frenkiel, Zygmunt F. Panasqueira Tungsten 
Mine Revamps Its 40 Year Old Ropeway From 
Mine to Mill in Portugal. World Min., v. 6, No. 
13, December 1970, pp. 50—53. 

? Gomes, John M., Kenji Uchida, and M. M. 
Wong. Electrolytic Preparation of Tungsten Metal 
and Tungsten Carbide From Wolframite. Bu- 
Mines Rept. of Inv. 7344, February 1970, 8 pp. 

1 Keith, G. H., J. S. Winston, and H. G. Iver- 
son. Evaluation of Electrowon Tungsten Sheet. 
BuMines Rept. of Inv. 7385, May 1970, 14 pp. 
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A report issued during the year evalu- 
ated the current status of high-temperature 
oxidation resistant coatings and indicated 
that satisfactory coatings do not exist for 
use on tungsten above 3,300° F.11 Further 
work on silicide-base coatings on tungsten 
was not recommended and a new approach 
to coating, such as the multilayer tech- 
nique, must be developed. 

A new way to improve the properties of 
tungsten powder used to make cemented 
carbide was described. This method utilizes 
a chloride process in which tungsten chlor- 
ide are reduced with hydrogen to a prede- 
termined particle size.12 

A new process for upgrading tungsten 
concentrates that contain 40 to 75 percent 
WOs was developed by Canada’s Depart- 
ment of Energy, Mines and Resources (Ca- 
nadian patent 836,441). The process is 
available for license through the Canadian 
National Research Council (Ottawa) .13 In 
this process cauStic soda converts tungsten 
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acid into sodium tungstate with a recovery 
rate of 98 percent, compared with 80 per- 
cent when ammonium hydroxide is em- 
ployed. 

A new air pollution control unit atop 
the exit gas stack at Sylvania's tungsten 
products plant at Exeter, N.H., was re- 
ported to be 99.9-percent effective. The 
stack uses a thermal incinerator to convert 
toxic nitrogen dioxide to harmless carbon 
dioxide, nitrogen, and water vapor. 


11 National Research Council. Summary Report: 
High Temperature Oxidation Resistant Coatings 
—A Report by the National Materials Adviso 
Board. NMAB-263, Nat. Acad. Sci.—Nat. Acad. 
Eng., Wash., D.C., March 1970, 54 pp. 

Ramguist, Lans. A New Tungsten Powder 
for Producing Carbides. Modern Developments in 
Powder Metallurgy (Proc. of International Pow- 
der Metallurgy Conference, New York, 1970), v. 
4, 185 6 pp. 

John P. New Tungsten Process Devel- 
ped. Am. Metal Market, v. 77, No. 136, July 
17, 1970, pp. 1, 20. 

is Chemical Week. Upping Tuns Tonnage. 
V. 106, No. 18, May 6, 1970, pp. 47-4 

Engineering and Minin Journal. e? New Way 
to Tungsten V. 171, o. 7, July 1970, pp. 81-86. 
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Uranium 


By Walter C. Woodmansee * 


Despite a growing short-term surplus of 
uranium, the domestic uranium industry 
was characterized by continued growth in 
most sectors during 1970. Exploratory and 
developmental drilling for uranium, en- 
tirely by private industry, remained exten- 
sive although reduced from the record 
pace of 1969. New reserves were established 
as a result of this exploration. Both mine 
and mill production showed moderate in- 
creases, compared with 1969, but milling 
Operations continued substantially below 
productive capacity. Regardless of this ex- 
cess capacity, four new mills were under 
construction. | 

Private industry continued preparations 
for anticipated future growth in uranium 
demand. A number of nuclear fuel process- 
ing, reprocessing, and fabricating plants 
were planned or under construction. De- 
mand was growing for certain uranium 
compounds, enriched uranium, and pluto- 
nium. Research and development studies 
on advanced nuclear reactors were empha- 
sized by both Government and industry. 

There was an upsurge in orders for nu- 
clear powerplants, compared with the 
slackening during 1969, although nuclear 
power plant completion and operation 
continued behind schedule because of envi- 
ronmental problems and construction de- 
lays. 

On the international scene, important 
new uranium resources were under devel- 
opment, particularly in Australia and Af- 
rica. Discoveries in the Northern Territory 
of Australia are especially notable, because 
they appear to be potential new sources of 
low-cost uranium. As nuclear power reac- 
tors continued to proliferate worldwide, 
several of the industrialized nations (non- 
Communist) made preparations for estab- 
lishing uranium enrichment facilities. 

Legislation and Government Programs. 
—In November the U.S. Atomic Energy 
Commission (AEC) announced the publi- 
cation of Domestic Uranium Program Cir- 


cular 8, Revised, in preparation for re- 
sumption of leasing certain AEC-controlled 
properties in uranium-mining areas of the 
Western United States.2 The tracts, com- 
prising 40 square miles in Colorado, Utah, 
and New Mexico, are the remainder of 
more than 700 square miles withdrawn by 
the Government during 1948-54 and not 
returned to the public domain. Certain 
tracts contain ore deposits discovered by 
AEC-sponsored exploration. 

New environmental legislation had in- 
creasing impact on the AEC' regulatory 
program. The AEC and the nuclear indus- 
try continued efforts toward development 
and implementation of safeguard and envi- 
ronmental programs for nuclear power- 
plants. Amendments were proposed to li- 
censing regulations for siting of 
reprocessing plants and disposal of high- 
level radioactive waste materials.3 The 
AEC issued four operating licenses for nu- 
clear powerplants, and 27 were pending. 
Twenty-two States had joined the AEC in 
assuming certain regulatory authority gov- 
erning the use of nuclear materials. The 
AEC initiated a program of contractual ar- 
rangements with individual States for envi- 
ronmental monitoring services at power re- 
actor installations.4 

Exploration.—Despite the long-term pro- 
jections of high demand for uranium, 
starting perhaps in the late 1970's, the 
near-term soft market has discouraged 
large-scale investment in exploration and 
development. However, surface drilling for 
uranium, wholly by private industry, con- 
tinued at a fairly fast pace in 1970, al- 
though total footage completed was 21 per- 


1 Physical scientist, Division of Nonferrous Met- 
als. | 

2 Federal Register. V. 35, No. 219, Nov. 10, 
1970, pp. 17271-17272. 

3 U.S. Atomic Energy Commission. The Nuclear 
Industry 1970. November 1970, pp. 343-355. 

4 U.S. Atomic Energy Commission. Annual Re- 
port to Congress for 1970. January 1971, pp. 


65-66. 
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cent below the record high of 1969. (The 
total of 23.5 million feet drilled in 1970 
does not include drilling for mining claim 
validation or underground longholing and 
diamond drilling, which totaled about 2 
million feet.) Nearly 90 percent of the 
footage drilled was confined to three States 
Wyoming, 41.7 percent; Texas, 25.8 per- 
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cent; and New Mexico, 22 percent. Opera- 
ting companies reported a number of dis- 
coveries in the Western United States. 

An AEC survey of company drilling 
plans at mid year indicated that 52 compa- 
nies planned 78 million feet of drilling 
during 1970-73 at an estimated cost of 
$120 million. 


Table 1.—Salient uranium concentrate (UzOg) statistics 
(Short tons U: Os unless otherwise specified) 


1966 1967 1968 1969 1970 
Production: 
Domestic: 
Mine:! 
-———— — € thousand tons 4,329 5,272 6,448 5,904 6,324 
Content of ore , 906 10,657 12,570 12,281 12,768 
Average grade of ore. percent Us 0.229 0.202 0.195 0.208 0.202 
Recoverable en... , 520 10,330 12,070 11,870 12,840 
Value e thousands $152,281 $165,289 $182,698 $142,161 $149,464 
Mill, concentrate e. „5 11,2 12,340 11,610 12,900 
( A 19,520 19,098 23,005 23,056 23,707 
Purchases of concentrate: 
Atomic Energy Commission (AEC): 
A AA e 8,425 7,837 6,184 2,510 
TEE thousands.. $151,773 $184,785 $117,026 $72,336 $28,078 
Price per pound ; $8. $7. 5.85 $5.59 
Private industry 99 100 700 5, 000 r 6,200 9,300 
Imports, concentrate 2,128 1,309 470 1,504 665 
VEG AA thousand tons.. 141 148 161 204 246 
Employment) number of persons.. 7, 000 6,751 8,355 9,059 8,165 


e Estimate. r Revised. 


1 5 at mills; excludes uranium from leaching operations, mine waters, and refinery residues. 


2 Based on mill recovery factors. 


Based on estimated recoverable content, average AEC price, and estimated average price for private sales. 
Includes marketable concentrate from leaching operations. 


s Non-Communist ony, 
6 At $8 per pound U:Os. ae 
7In exploration, mining, and milling, at yearend. 


Sources: U.S. Atomic Energy Commission and U.S. Bureau of Mines. 


Table 2.—Surface drilling for uranium 


1969 1970 
Type of drilling: 
Exploration.. million feet.. 20,470 17,981 
Development........ do.... 9,885 65,547 
Total. cias sisas 29,855 23,528 
Number of holes: 
Exploration 47.850 43,980 
Development 28,012 14, 874 
TOURI 22 /s oW Ee ETE 75,862 58,854 
Average depth per hole: 
Exploration. ..............- 428 409 
Development 335 373 


Source: U.S. Atomic Energy Commission. 


DOMESTIC PRODUCTION 


Mine.—Mine shipments to mills totaled 
13,037 tons of UzOg in ore, compared with 
12,595 tons shipped in 1969. Shipments of 
contained UzOg by State were as follows: 
New Mexico, 6,056 tons; Wyoming, 3,415 
tons; Colorado, 1,549 tons; Utah, 874 tons; 
and other States (mainly Texas) , 1,197 tons. 


Output was from 263 producing sources, 
including 216 underground mines, 27 open 
pits, and 20 others (leaching, mine water, 
and raffinate). Of total mine output, 52.9 
percent was from underground mines, 44.8 
percent from open pits, and the remaining 
2.3 percent from the other sources, mainly 
leaching operations. 


URANIUM 


There were a number of significant 
mine developments during 1970. On Febru- 
ary 1, American Metal Climax, Inc. closed 
its 10 mines in the Uravan mineral belt of 
western Colorado and eastern Utah, owing 
to the weak prospective short-term market 
for uranium. Rio Algom Corp., the USS. 
subsidiary of Rio Algom Mines Ltd., a 
major Canadian uranium-mining company, 
continued development of its large new 
ore body in the Big Indian district, near 
Moab, Utah. A ventilation shaft, 16 feet in 
diameter, was completed to a depth of 
2,686 feet in November, and a similar pro- 
duction shaft had reached 2,500 feet. Pro- 
ductive operations were scheduled for 
1972.5 Development work continued on 
Humble Oil & Refining Co.’s 2,000-ton- 
per-day. open-pit operation in the Powder 
River Basin, near Douglas, Wyo., where in- 
itial production was planned for 1972 and 
full-scale operations for 1973. In the Am- 
brosia Lake district, New Mexico, Kerr- 
McGee Corp. completed a shaft, 784 feet 
deep and 1614 feet in diameter, by rotary 
drilling techniques, the largest and deepest 
in the country by this method. 

The Cotter Corp. Schwartzwalder Mine, 
Jefferson County, near Denver, Colo., the 
premier vein-type uranium deposit in the 
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years, shipments from this mine averaged 1 
percent UzOs. 

Late in the year, Dawn Mining Co., a 
subsidiary of Newmont Exploration Ltd., 
was working a mine at Kendricks Bay in 
Alaska. 7 


82, No. 48, Dec. 2, 1970, 


p. 1. 
6 Skillings, D. N. Schwartzwalder Uranium Mine. 
Skillings Mining Review, v. 59, No. 5, Dec. 12, 
1970, no. 1, 8-9. 
7 Skillings Mining Review. V. 59, No. 50, Dec. 
12, 1970, p. 4. 


5 Mining Record. V. 


Table 3.—U.S. uranium milling statistics 
in 1970 


(Short tons U;Os unless otherwise specified) 


Operating millis number 17 
Average daily milling rate. . tons of ore.. 18,100 
Mill receipts, content of ore 12,768 


Mill feed: 


Content of ore 13,328 
Other. o o kk y A 805 
/// i med oo is usupa 13,633 
Recovery rate percent. . 94.7 
Production 12, 900 
shipients.... sn. A 13,037 
Stocks: 
Content of ore, Jan. 1, 19700 942 
Content of ore, Dec. 31, 1970_________ 350 
Concentrate, Jan. 1, 1970. 3,529 
Concentrate, Dec. 31, 1970__._________ 3,896 
In process: 
Concentrate, Jan. 1, 1970 407 
Concentrate, Dec. 31, 1900 ee 430 


United States, continued to produce a rela- 1 Concentrate from leaching operations, mine 
tively high-grade ore (0.60 percent U30g) waters, and refinery residues. 
at a rate of 300 tons per day. For several Source: U.S. Atomic Energy Commission. 
Table 4.—U.S. uranium milling companies and plants in 1970 1 
Capacity 
Company Plant location (tons of ore 
per day) 

The Anaconda Coo Bluewater, N. Mennngg¼zg 3,000 
Atlas Corp- se 88 Moab, Utab: 6.5 e sá 1,500 
Continental Oil Co.-Pioneer Nuclear, Ine Karnes County, T 21,750 
Cotter Corp... . .. ðòâʃ½ 8 Canon City, Colooo 450 
Dawn Mining Co.........................-- NO A eee Um d eds 500 
Federal-American Partners Gas Hills, Wun „ 950 
Humble Oil and Refining Coo Powder River Basin, Wyo................-- 22,000 
Kerr-McGee Cord Grants, N. Mes 7,000 
Mines Develo ment Ine. canse cae ss Edgemont, S. Da 650 
Petrotomics Co... Shirley Basin, Wyo____.. 1,500 
Rio Algom Mines, % ˙¹1¹w . Moab, t/h, A 2 500 
Susquehanna Corp J 8 Falls City, ; aca ce seas 1,000 

B EE Ray Point, AAA A 1,000 
Union Carbide Cor Uravan, / a uc casos eens ea 2,000 

Do C AA EPIRI 8 Rifle, Colo. 

He SEE ONSE UNCERT ee Gas Hills, Wo „ 1,000 
United Nuclear-Homestake Partners Grants, JJV ͤ esc pete 3,500 
Utah Construction and Mining Co............ Gas Hills, Wen oh 1,200 

S/ ]ÜðÜm . ³˙¹òê³A Shirley Basin, MWvo 31,200 
Western Nuclear, Ine Jeffrey City, Wyo__ LLL LLL l.l ll. 1,200 
JJðñ].......................d. 31,900 


1 Does not include mill of American Metal Climax, Inc., at Grand Junction, Colo., which was closed early in 


the year. 
2 Under construction; planned completion in 1972. 
3 Under construction; planned completion in 1971. 


Source: U.S. Atomic Energy Commission. 
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Mill.—Production of UsOs in concentrate 
at 17 operating mills in the United States 
increased 11 percent in 1970. Capacity 
was enlarged at the Petrotomics Co. mill 
in the Shirley Basin, Wyo., and the Dawn 
Mining Co.'s mill at Ford, Wash., was re- 
opened during the year. The new mill of 
Susquehanna Corp. at Ray Point, Tex., 
went on stream in 1970. Early in the year, 
American Metal Climax, Inc. closed its mill 
at Grand Junction, Colo., as well as its 
mines in the Uravan mineral belt. 


Four new mills were under construction 
during the year. Their completion will in- 
crease total annual mill capacity to about 
19,000 tons UgOg. Kerr-McGee Corp., 
United Nuclear Corp., and Western Nu- 
clear, Inc. planned additional mills, but no 


firm construction schedules were an- 
nounced. 
Special Nuclear  Materials.—Uranium 


Hexafluoride.—Sufficient commercial capac- 
ity apparently exists or is planned for 
processing normal uranium to UFg at rates 
that will meet the demand for enriched 
uranium. Kerr-McGee Corp. completed its 
$25 million Sequoyah plant for UFg pro- 
duction in eastern Oklahoma. In July the 
first shipment was made—38,000 pounds, 
valued at $250,000 or $6.58 per pound. 
The company planned to double capacity 
in the near future. Allied Chemical Corp. 
completed expansion of its Metropolis, Ill., 
UFg plant to 14,000 Separative Work Units 
(SWU) per year. The company reported 
that its processing period was reduced 
from 6 to 3 months. 


The AEC maintained capacity for UFg 
production from normal uranium only at 
its Paducah, Ky., plant. 


Private capacity does not exist for con- 
version of slightly enriched uranium in 
nonirradiated scrap and irradiated fuel ele- 
ments to UFg, but Allied Gulf Nuclear 
Services, Inc. (Barnwell, S.C. plant), Nu- 
clear Materials and Equipment Corp. 
(NUMEC) (Leeds, S.C. plant) , and Nuclear 
Fuel Services, Inc. (West Valley, N.Y. 
plant) planned this capacity in connection 
with their fuels-reprocessing programs. In 
addition, General Electric Co.'s fuel recov- 
ery plant, near Morris, Ill., is designed to 
annually reprocess 330 tons of slightly en- 
riched fuels, starting in 1972. NUMEC's 
plant at Apollo, Pa., has capacity for con- 
version of highly enriched uranium, re- 
covered from spent fuels, to UF. 
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Enriched Uranium.—The AEC's gaseous 
diffusion plants at Oak Ridge, Tenn., 
Portsmouth, Ohio, and Paducah, Ky., were 
operated at only partial capacity because 
of a power reduction program. Owing to 
electric power shortages, a portion of the 
scheduled power was transferred to munic- 
ipal needs for a limited period during the 
summer months. The level was increased 
to 2,500 megawatts in October, the begin- 
ning of a series of increases that were 
scheduled to raise total power capacity to 
6,000 megawatts by 1978. The AEC re- 
ported that during fiscal year 1970 produc- 
tion of enriched uranium required to meet 
domestic commercial and foreign demand 
was 47 percent higher than in 1969. 


Table 6.—Planned U.S. production of 
enriched uranium 


(Metric tons of separative work units) ! 


Production 
Fiscal year —— — 
Annual Cumulative? 
// ee L ZZ 6,900 20,200 
1 ly 5 ean md Lisu ss 16, 400 81,800 
19830 8 25, 700 196, 600 


' Measure of work expended in separat ing a quan- 
tity of uranium at a given assay into two parts —one 
enriched in U-23 to a specified grade, and the other 
deficient in U-23 to a specified tailings grade. 

2 Includes inventory of 13,300 tons. 


Source: United States Atomic Energy Commission. 


Domestic and foreign orders for toll en- 
richment services increased rapidly during 
the year. AEC revenues were $60.8 million 
during 1969, the first year of the toll en- 
richment program, $104 million ($70 mil- 
lion domestic, $34 million foreign) in 
1970, and were expected to reach an an- 
nual rate of $850 million by 1980. Early in 
the year, the AEC announced that orders 
had reached $1.18 billion in 11 domestic 
and 24 foreign contracts covering 30 
years.9 As of September, long-term con- 
tracts totaling $437 million were concluded 
with five domestic companies, and orders 
with 17 domestic and 29 foreign customers 
totaled $1.7 billion.10 By yearend, orders 
had increased to $2.3 billion in 53 
agreements.11 

Plutonium.—Studies continued on plu- 
tonium fuels for use in the breeder reac- 


° Mining Record. V. 81, No.. 28, July 15, 1970, 


p. 3. 

® Mining Congress Journal. V. 56, No. 7, July 
1970, p. 24. 

10 Wall Street Journal. V. 176, No. 63, Sept. 
28, 1970, p. 11. 

11 Chemical & Engineering News. V. 48, No. 
51, Dec. 7, 1970, p. 21. 


1144 


tor. The AEC phased out its work on plu- 
tonium recycle. Research and development 
have been taken over by industry, where 
plutonium, produced in reactors, was ex- 
pected to be recycled in reload cores. Dem- 
onstration fuel elements, containing plu- 
tonium and uranium oxide in fuel rods, 
were placed in light water reactors 
(LWR) for irradiation under Edison Elec- 
tric Institute, United Nuclear Corp., and 
Commonwealth Edison programs, During 
1970, the first large-scale commercial con- 
tact for replacement fuel with recycled 
plutonium was awarded to Westinghouse 
Electric Corp. in connection with its sale 
of two nuclear units to the Tennessee Val- 
ley Authority (TVA). Private interest re- 
mained high in plutonium recovery, recy 
cling, and storage. The AEC estimated 
that recovery (in nitrate form) would be 
about 1,000 pounds in 1971, 14,000 pounds 
in 1975, and 40,000 pounds in 1980. 

Fuel Fabrication.—Industry has devel- 
oped the capability to produce essentially 


all types of nuclear fuel elements. How- 


ever, this capability was considered limited 
for highly specialized types of fuels. A 
number of nuclear-fuel processing and fab- 
ricating plants were under construction 
or expansion as fuel orders from utility 
companies, reactor manufacturers, and for- 
eign customers multiplied. NUMEC and 
United Nuclear Corp. completed major ex- 
‘pansion programs. Allied Gulf Nuclear 
Services, Inc. planned additional fabricating 
facilities. In February, Babcock 8 Wilcox 
Co. concluded an agreement with Nu- 
clear-Chemie und Metallurgie G.m.b.H. 
(NUKEM), West Germany, on licensing a 
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NUKEM UO, pellet process. Nuclear Fuel 
Services, Inc., owned by Getty Oil Co. and 
Skelly Oil Co., continued construction at 
West Valley, N.Y. Jersey Nuclear Co., an 
affiliate of Standard Oil Co. of New Jersey, 
also has new facilities under development, 
at Richland, Wash. 


Radioisotopes.—The market for radioiso- 
topes continued to expand at a rate of 
about 10 percent annually. Private in- 
dustrial capacity for production, processing, 
and distribution was growing, but the AEC 
continued to play a major role. Production 
of the actinide isotopes, particularly cali- 
fornium-252, progressed significantly during 
the year. The AEC produces research 
quantities at its high-flux isotope reactor 
at Oak Ridge National Laboratory 
(ORNL) and is developing capacity for 
large-scale continuous separation of califor- 
nium-252 and other radioisotopes at Savan- 
nah River. The AEC expects that by 1972 
kilogram quantities of certain radioisotopes 
and more than 15 grams of californium- 
252 will be available annually. Ultimately, 
100 grams or more of californium-252 per 
year may become available. 

The AEC announced production of the 
largest quantity of californium-252 in one 
batch—110 milligrams recovered and puri- 
fied at ORNL from a Savannah River pro- 
duction run. The AEC planned to supply 
the bulk material to industry, which is en- 
couraged to develop other services, includ- 
ing encapsulation and secondary recovery. 
The market evaluation program and appli- 
cations development for californium- 252 
were further advanced during the year.12 


CONSUMPTION AND USES 


After a sharp drop in 1969, demand for 
uranium followed renewed expansion in 
nuclear reactor orders in 1970, despite ris- 
ing costs, construction problems, and envi- 
ronmental delays. An AEC survey of the 
nuclear industry fuel supply situation re- 
vealed that uranium-milling companies de- 
livered about 10,000 tons UzOg to electric 
utility companies and reactor manufactur- 
ers during 1966-69 and 9,300 tons in 1970. 
These committed deliveries are scheduled 
to peak in 1973 and are contracted for as 
late as 1988. The total domestic uranium 
commitment through 1988 was 108,600 


tons, 28 percent higher than that indicated 
by a similar survey a year earlier. In addi- 
tion, of 6,300 tons UsOs committed to for- 
eign buyers, 4,400 tons had been delivered 
by yearend, including 2,100 tons in 1970. 
Scheduled domestic deliveries were well in 
excess of estimated requirements through 
1975. AEC purchases in 1970, the final year 
of the AEC uranium-procurement pro- 
gram, were 2,510 tons UgOg. 


12 U.S. Atomic Energy Commission. Califor- 
nium-252. Progress Rept. No. 6, January 1971, 
53 pp. 
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Table 7.—Projected U.S. commercial 
uranium delivery commitments 


(Short tons U vi 
Commitments 1 
Year 
Annual Cumulative 
1966-69........-.-...--  ...-..--- 10,000 
1970; 2 u; 8 9,200 19,200 
Kr vg 88 12,800 32, 000 
J%/%/ͤͤ ĩ AAA 11, 300 43, 300 
E AA A 13,000 56,800 
CTT A 11,800 68,100 
E key. EEN 12,000 80,100 
E 5,600 85,700 
e AAA 5,200 90,900 
rE E: EE 4,400 93,800 
1979 AA 8 8,900 99,200 
1980. e acc 2,500 101,700 


1 In the post-1980 period, through 1988, an addi- 
tional 6,900 tons have been committed. In addition, 
6,800 tons have been committed to foreign buyers, of 
which 1,900 tons were scheduled for delivery after 


Source: U.S. Atomic Energy Commission. 


Table 8.—Projected U.S. commercial 
uranium requirements 


(Short tons U 3:03) 
Estimated requirements 
Year 
Annual Cumulative 
1971. ASA 6,900 6,900 
1972. ca 88 10,200 17,100 
1918. a AAA 14,000 81,100 
1974... 2... au 16,700 47,800 
18915... 88 18,400 66,200 
77 zu 21,100 87,800 
TOTI AN au u a 24,400 111,700 
]978 sc eee eee 28,600 140,300 
e 31,700 172,000 
1980. AA AA 84,200 1 206,200 


1 Projected to 1985, annual demand is 59,300 tons 
in that year, and cumulative demand is 452,100 tons. 
Estimates are based on fueling characteristics sup- 
plied by reactor manufacturers, 0.2 percent U-23 
enrichment tailings assay, and plutonium recycle 
starting in 1974 and resulting in demand reduced by 
2 percent in 1974 and 12 percent in 1980. 


Source: U.S. Atomic Energy Commission. 


The survey also indicated that 86 per- 
cent of the uranium required had been or- 
dered for initial fuel loadings in reactors 
operating, under construction, or sched- 
uled, and that more than half the ura- 
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nium needs had been met for the first 
three refuelings (estimated at yearly inter- 
vals) . 


The AEC also reported that orders for 
UFs by utility and reactor companies were 
the equivalent of about 10,000 tons ura- 
nium in 1970, including some 2,000 tons 
for foreign reactors. This does not include 
UF, derived from the reprocessing of scrap 
and irradiated fuels. There was little de- 
mand for this service, although industry 
planned these facilities for future UFg 
recovery. 


U.S. annual demand for enriched ura- 
nium services was estimated to be at a 
$100 million rate in 1970, and other non- 
Communist world annual demarid was esti- 
mated at $30 million. By 1980, the U.S. 
market was expected to reach a $600 mil- 
lion annual rate, and the entire non-Com- 
munist world market may reach $1 billion 
yearly.13 More than 2 million pounds of 
enriched uranium in the form of UFg was 
supplied to domestic industry during the 
fiscal year that ended June 30, 1970. 


The AEC also estimated the 1970 domes- 
tic commercial nuclear fuel market at $59 
million for first cores and $14 million for 
replacement fuel, based on fuel costs of 
$90 per kilogram of contained uranium. 
The annual market in 1980 was expected 
to be $189 million for the initial fueling 
and $352 million for the fuel reloads. In 
fiscal 1970, the AEC shipped 2,035,000 
pounds of enriched uranium in the form of 
UFg to domestic processors and fuel fabri- 
cators for use in commercial reactors, Gov- 
ernment-sponsored reactors (exclusive of 
plutonium-production types), and fuels 
processed and fabricated in the United 
States for foreign reactors. The foreign 
market was 355,136 pounds in the form of 


13 Page 58 of work cited in footnote 3. 


Table 9.—Uranium fuel supply arrangements for domestic nuclear reactors ! 
(Percent of total generating capacity) 


First 
Source of supply core 
1 2 
Lease from Ae. 1 2 2 
Primary producers 48 
Reactor manufacturers 37 


30 31 29 20 14 10 5 
78 67 61 44 34 28 


Reloads 2 
8 4 5 6 7 
1 1 1 1 1 


9 10 11 12 13 14 


8 
1 e 
C K... ee 


3 
11 10 7 6 2 2 2 1 


1 Includes reactors pane under construction, and scheduled, totaling 85,200 megawatts. 


2 Refueling estimated on annual basis. 
Source: U.S. Atomic Energy Commission. 
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UFs in fiscal 1970, compared with 202,355 
pounds during the preceding fiscal year. In 
addition, domestic processors and fabricators 
supplied 477,867 pounds of enriched ura- 
nium in processed or fabricated fuels to 
foreign customers during fiscal 1970 (334,600 
pounds in fiscal 1969). 

For its own programs, the AEC placed 
orders of $79.2 million with industry for 
fabricated nuclear fuels for naval reactors 
and other purposes during fiscal 1970, sub- 
stantially less than the $147.8 million dur- 
ing fiscal 1969. Both foreign and domestic 
demand for enriched uranium is expected 
to escalate steadily in the future. 


Table 10.—Enriched uranium supplied 


to industry 
(Pounds uranium) 

Year ! UF 6 Other forms Total 
19600. 190,038 7,496 197,534 
1965... 336, 885 3,177 40,012 
1966. ........ 630,021 11 630,032 
196ͤ¶ ——8 374, 748 212 374, 960 
1988 rt 854, 030 139 854, 169 
1969. 1,536,208 ......... 1,536,208 
19710 2,035,016 500 2,035,516 


1 Fiscal year ending June 30. 
Source: U.S. Atomic Energy Commission. 


During the next several years, the AEC, 
domestic industry, and foreign programs 
will require increasing quantities of plu- 
tonium for research and development, in- 
cluding experimental and demonstration 
reactors. The AEC estimated the market at 
1,100 pounds of plutonium in 1970 and 
4,400 pounds in 1975. 

In addition to its industrial uses as 
counterweights, ballasts, catalysts, alloys, 
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ceramics, and refractories, depleted ura- 
nium is being employed increasingly as a 
shielding agent. Late in the year, the AEC 
issued a license, the first of its type, for the 
manufacture of two uranium casks by 
National Lead Co. These casks will be used 
for shielding during transportation of radio- 
active spent fuels from the gas-cooled re- 
actor under construction at Fort St. Vrain, 
Colo.14 

The AEC continued its programs, re- 
quiring continuing supplies of uranium, 
for national defense, reactor development, 
space nuclear systems (nuclear rockets and 
space power and heat systems), isotopic 
systems development, and peaceful nuclear 
explosives (Plowshare) .15 By far the great- 
est future consumption of uranium will be 
in nuclear fuels for commercial nuclear 
power reactors. A total of 14 reactors with 
designed capacity of 14,336 megawatts were 
ordered in 1970, compared with only seven 
reactors with capacity of 7,200-megawatts 
in 1969. Five new plants began operations 
in 1970, adding 3,203 megawatts to total 
operating nuclear generating capacity. 
Overall, 20 plants (7,498-megawatts capac- 
ity) were operable, 53 were under con- 
struction, and 36 (including one in Puerto 
Rico) were planned, totaling 109 reactors 
with designed capacity of 86,894 mega- 
watts. According to the Federal Power 
Commission, nuclear generating capacity 
comprised only 1.8 percent of the national 
energy total in 1970 but was expected to 
reach 25 percent by 1980. 


STOCKS 


According to the AEC, its stockpile of 
uranium in excess of projected needs was 
equivalent to 50,000 tons UzOg. Studies 
were underway regarding disposal of these 
stocks. In addition, the milling companies 
reported a total UzOg inventory of 3,396 


tons at yearend, 133 tons UsOs less than at 
the first of the year, and utility companies 
and reactor manufacturers reported a total 
of 7,400 tons UsOs in inventory (including 
all materials in concentrate form, title to 
which was held, regardless of location) . 


PRICES AND SPECIFICATIONS 


During fiscal year 1970 (ended June 
30, 1970), the AEC purchased 4,010 tons 
UsOs, valued at $45,954,000, at an average 
price of $5.73 per pound. For the remain- 
ing half of the calendar year, the AEC 
purchased an additional 1,295 tons UsOs, 
valued at $14,416,000, at an average price 
of $5.57 per pound.18 These purchases 
marked the termination of the AEC’s ura- 


nium-procurement program, which ended 
on December 31, 1970. Since inception of 
the program in 1948, the AEC purchased 
173,665 tons UzOg at an average price of 


14 al Week. V. 108, No. 1, Jan. 6, 1971, 


P. 
e Figes 131-213 of work cited in footnote 4. 
16 U.S. Atomic Energy Commission. Statistical 
Data of the Uranium SES Grand Junction, 
Colo., Jan. 1, 1971, p. 
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$8.52, for a total value of nearly $3 billion. 
AEC purchase prices during 1970 were 
based on the following formula: $1.60 per 
pound, plus 85 percent of allowable pro- 
duction costs per pound during the 6-year 
period from 1963 through 1968, with a 
maximum price of $6.70 per pound. 

According to the Nuclear Exchange 
Corp., private prices for 1970 delivery 
ranged from $6.00 to $6.20 per pound 
UzOg, but a new level at about $6.30 per 
pound seemed to be emerging.17 For pur- 
chases 3 to 5 years ahead, quotations are 
listed at gradually increasing prices until 
the $8-per-pound rate is reached, near 
1976. 

For conversion services from UgOg to 
UFg, the Kerr-McGee Corp. base charge 
was $1.13 per pound U at the first of the 
year and was escalated to $1.24 per pound 
U, effective March 31, 1970. The Allied 
Chemical Corp. base rate of $1.04 per 
pound U was raised to $1.197 on the same 
date. Since the Kerr-McGee rate usually 
includes charges for sampling, transporta- 
tion, and UFg production, the rates of the 
two companies were believed to be similar. 
Both are based on a 99.5-percent yield and 
penalties for unusual impurities above 
specified limits.18 
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The AEC announced price increases for 
enrichment services, based on revised Ura- 
nium Enrichment Services Criteria, pub- 
lished in the Federal Register of August 
25, 1970. The prevailing rate of $26 per 
SWU would be raised to $28.70 per SWU, 
effective February 22, 1971, and, as of June 
1970, the escalated ceiling was raised to 
$32.91 per SWU. On December 23, 1970, 
the AEC submitted proposed new enrich- 
ment services criteria to the Joint Commit- 
tee on Atomic Energy, which included a 
proposed price increase to $32 per SWU. 

The AEC also proposed a revised. base 
charge for plutonium containing 80 per- 
cent Pu-238, and establishment of a base 
charge for plutonium containing 90 per- 
cent Pu-238. The price for the former 
would be $0.70 per milligram, and for 
higher concentrations (containing not 
more than 0.30 part per million Pu-236) 
the price is $1.25 per milligram.19 

Early in the year, the AEC announced a 
5-year extension (to December 31, 1975) of 
the guaranteed price of $13 per gram for 
uranium-233, which is produced in thor- 
ium-fueled reactors. This price is subject 
to deductions for the presence of other 
uranium isotopes and to adjustment if 
charges for uranium enrichment are re- 
vised. 


FOREIGN TRADE 


Exports of the various uranium and nu- 
clear materials attained record highs in 
1970. Shipments of uranium ores and con- 
centrates, containing some 20 tons UzOg 
valued at $7 per pound, were the first siza- 
ble exports of these raw materials in sev- 
eral years. Increases were especially pro- 
nounced in exports of uranium 
compounds, stable isotopes, and various ra- 
dioisotopes and other radioactive materials. 
Data on exports of AEC-produced nuclear 
materials, including enriched uranium, ura- 
nium-233, plutonium, and heavy water, 
were provided by the AEC’s Division of 
International Affairs. These data, although 
available only for fiscal year 1970 (ending 
June 30, 1970) , indicate a continued rise in 
exports of fuel materials for U.S. reactors 
in foreign countries. 


Pursuant to subsection 161V of the 
Atomic Energy Act of 1954, as amended, 
foreign uranium cannot be enriched in the 
United States for domestic consumption. 
The AEC considers this regulation tempo- 
rary and that it will be withdrawn when 
it is no longer needed to maintain a viable 
domestic uranium mining and milling in- 
dustry. Some 665 tons of UzOg from Canada, 
France, and the Republic of South Africa 
were imported for enrichment and then 
reexport of the enriched product. 


17 Engineering and Mining Journal. V. 171, No. 
4, April 1970, pp. 74-75. 

18 Page 51 of work cited in footnote 3. 

19 Federal Register. V. 35, No. 103, May 27, 


1970, p. 8300. 
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Table 11.—Foreign trade in uranium, uranium-bearing materials, and other nuclear 


materials, by principal countries 
1969 1970 
Product 
Quantity Value Quantity Value 
EXPORTS 
Uranium: 
_ Ores and concentrate, U:0s 
content....... pounds 84 $641 40,828 $286,711 
Compounds 1. 0.... 105,620 316,561 4,045,549 24,579,293 
Metal including alloys 1 
do.... 788 26,182 5,508 86,021 
Isotopes (stable) and their com- 
Pounds NA 9,263,939 NA 84,689,780 


Radioactive materials: Radio- 
isotopes, elements, and tom- 
pounds ?. . thousand curies.. 


Special nuclear materials 22 


IMPORTS 
ranium: 
Oxide (U: O.) pounds 


Other compounds. do 


Isotopes (stable) and their com- 


pounds NA 


Radioactive materials: Radio- 
topes, elements, and c 


pounds 1. thousand cures. 45; 297,876 4,696,930 7,769,906 


NA Not available. 
1 Includes thorium. 
? Includes carbon-14 and cobalt-60. 


5,669,844 5,894,987 


NA 87,766,071 


8,008,361 14,600,618 


1,277,952 8,849,515 


850,272 


8,105,520 4,847,247 


NA 79,920,628 


1,829,367 7,789,867 


2,681,801 20,459,856 


NA 428,875 


8,471,441 


3 Includes plutonium, uranium-238, uranium-235, and enriched uranium. 


Principal sources and 
destinations, 1970 


Canada 39,831; Italy 997. 

United Kingdom 2,007,967; 
Switzerland 1,066 924: 
Canada 555, 954. 


Japan 4,885; Canada 835. 


Canada $88,506,417; 
$394,471. 


Japan 


West Germany 1 ,905, 884; 
ana 


Yl nce 
453, 642; ‘United Kingdom 
$3, 504, 824. 


Canada 830,441; France 
276,786; Republic of South 
Africa 221 1,000. 

United Kingdom 1,266,759; 
Canada 805,199; France 
506,155. 


Canada $211,240; Israel 
$77,844; Norway $87,966; 
United Kingdom $35,285. 


Canada 5,846,118; West 
Germany 1, 2007, 217; Italy 
1,001,875. 


Table 12.—U.S. exports of AEC-produced nuclear materials, by countries, 
in fiscal year 1970 1 


1 Fiscal year ends June 30, 1970. 


? Initial destination; may not be country of final destination. 


3 Mainly for use as power reactor fuel. 
4 Mainl 


s Less than 1⁄4 unit. 


6 Belgium, France, West Germany, Italy, and the Netherlands. 


Source: Division of International Affairs, U.S. Atomic Energy Commission. 


(Pounds) 
Enriched uranium 
— Uranium- Plutonium Heavy 
Less than Greater than 233 (Pu) water 
20 percent 20 percent (D:0) 
U-25 3 U-25 4 
„ ZA. eos (5) 4,000 
76 99 (5) 2,064,000 
24 12. Dorso (Born. S 
17,078 2,628 81.8 (5) 
D J)) EE 
36 Y arica Ee de 
, 895 2235 2.2 (5) 
85 CO)". A AA NI 
5 327 ͤĩð ·²-»AA “ana 12, 000 
BOS; SN ĩi .. 8 
340 DT asu as 8 
0,146 ou uu" 2.220se selvas (5) 
172 .198 ......... 553 
26,190 8,166 8 84.0 2.080.000 


for use as fuel in research and test reactors and other research applications. 
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WORLD REVIEW 


The International Atomic Energy 
Agency and the United Nations Economic 
Commission for Europe held a symposium 
on the economic integration of nuclear 
power stations in electric power systems. 
The meetings, at which a number of pa- 
pers were presented by representatives 
from many countries, were held in Vienna 
during October 5 — 9, 1970. It was pointed 
out that nuclear power is expected to com- 
prise 10 to 15 percent of total world elec- 
tric generating capacity in 1980, and an in- 
creasingly larger share thereafter. Because 
the technical and economic considerations 
in nuclear power development differ from 
those in conventional powerplants, the 
symposium was considered beneficial to 
countries planning nuclear development. 

A recent publication of the European 
Economic Community (EEC) provides 
data on Community uranium requirements 
and nuclear reactor development plans. 20 
A total of 48 reactors with total capacity 
of nearly 18,000 megawatts were in opera- 
tion (3,090 megawatts), under construc- 
tion, or projected early in the year. The 
cumulative uranium requirements of the 
EEC at the end of the century were esti- 
mated at 360,000 to 580,000 tons. 

Angola.—Junta de Energia Nuclear of 
Portugal and Urangesellschaft m.b.H., West 
Germany, concluded a joint venture agree- 
ment for uranium exploration in the 
Dondo and Malange areas, east of Luanda, 
Angola. Mozambique also is included in 
the agreement. 


Table 15.—Uranium oxide (UzOs): 


Table 13.—Estimated world demand 
for uranium 1 


(Thousand short tons U 303) 
Demand 
Year 
Annual Cumulative 
1970 A A 12 12 
197 37 141 
000 ton ca 78 430 


1 Non-Communist world only. 


Source: European Nuclear Energy Agency and Inter- 
national Atomic Energy Agency. 


Table 14.—Estimated world demand for 
enriched uranium 1 
(Thousand metric tons of separative work units) 


Demand 
Year 
Annual Cumulative 
¡E A Set E 4 4 
197522 ee 19 65 
1980... us; 8 42 226 


1 Non-Communist world only. Does not include 
estimates for urahium derived from plutonium 


recycling. 


Source: International Atomic Energy Agency and 
European Nuclear Energy Agency. 


Argentina.—The Comission Nacional de 
Energia Atomica (CNEA) announced the 
discovery of a sizable uranium deposit, 
known as Sierra Pintada, in Southern 
Mendoza Province. The exploration pro- 
gram included more than 3,000 drill 
holes.21 


20 Metal Bulletin Monthly. No. 1, January 
40-43. 


1971, pp. 
21 Engi gineering and Mining journal. V. 171, No. 
9, September 1970, p. 201. 


Free world production, by countries 


(Short tons) 
Country ! 1968 1969 1970» 

AKT Ee 47 54 e 55 
Australia A A A A TS 0 830 330 
O WM ttt A A O 8,700 8,855 4,011 

wc cq ⁵ ⁵ ů—n n d 8 21,626 21,690 31,627 
A E 522 EE 5 468 
O ARA ͥ yd y A edam 59 
Ma , Republic ois ́ꝝ DL ²²²mDß p ß 2-20. docs: sundus 
Portugal e.o aci io a 105 105 105 
South h Africa, Republic o Eeer r3,882 3,979 4,119 
ME r 60 z 90 90 
Sweden A ͤ0ꝶ ...... 77 80 
United States r ſ Quy es a ia 12,570 12,281 12,768 

A A y Am um EL r 23,005 728,056 28,707 


. * Revised 


e° Estimate. P Preliminary 
1 In addition to the countries listed, mainland China, Czechoslovakia, United Kingdom, East Germany, 
West Germany, Hungary, India, Japan, Mozambique, and the U.S.S.R. are believed to have produced uranium 
oxide but information is inadequate to make reliable estimates of output levels. 


2 Content of uranium ore produced. 


3 Content of chemical concentrates produced from domestically mined ores. 


4 Content of uranothorianite expo 
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Early in the year, the CNEA announced 
plans for the country's first nuclear power- 
plant, a 319-megawatt, heavy-water, natu- 
ral-uranium reactor to be built some 40 
miles north of Buenos Aires. The project 
is a joint venture with the Siemens group, 
West Germany. Completion was originally 
scheduled for mid-1972, but late in the 
year the project was far behind schedule. 

The Government projected a nuclear 
generating capacity of 6,000 megawatts in 
the year 2000, about 20 percent of total 
electrical generating capacity.22 

Australia.—Major uranium discoveries 
were announced by two companies in the 
Northern Territory. In addition, new re- 
serves were announced in Queensland and 
South Australia. Exploration, often involv- 
ing foreign participation, continued at a 
fast pace throughout the year. At yearend, 
31 companies were searching specifically 
for uranium, and others included uranium 
in their exploration programs.23 

Because of the important new uranium 
resources, the Government acted to limit 
foreign participation in uranium properties 
to protect the national interest. Revision 
of export controls was expected also. For- 
merly, exports were limited to achieve 
self-sufficiency in uranium. Increased re- 
serves will permit the release of larger 
quantities to the export market. 

In July, Queensland Mines Ltd. an- 
nounced discovery of a uranium deposit at 
Nabarlek in the Northern Territory, 170 
miles east of Darwin. The deposit consists 
of lenticular ore bodies over a north-south 
strike length of 3,600 feet in Precambrian 
metasediments. The  mineralized surface 
area is up to 300 feet wide. The deposit 
dips east-northeast at 50.24 One ore lens 
reportedly assayed at an average of 27 per- 
cent U30 g. The company initially planned 
a small open-pit operation if sales con- 
tracts could be made. 

Queensland Mines Ltd. also reported siz- 
able uranium reserves at Westmoreland, 
Queensland, near the Northern Territory 
border, and at Valhalla, 28 miles north of 
Mount Isa. 

The second major discovery was an- 
nounced by Peko Mines N.L., a subsidiary 
of Peko-Wallsend Ltd. and Electrolytic 
Zinc Corp. of Australia, Ltd. The deposit, 
called the Ranger 1, is located 40 miles 
southwest of the Nabarlek deposit. The 
anomalous area extends intermittently 4 
miles in a north-south direction and is 600 
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to 3,000 feet wide. Average grade appears 
to be 0.20-0.30 percent UzOg. Late in the 
year, the chairman of the company an- 
nounced potential at 70,000 tons UzOg.25 


The Mary Kathleen mine, Queensland, 
which was closed in 1963 following com- 
pletion of a Government program, was ex- 
pected to reopen. Mary Kathleen Uranium 
Ltd. has two new contracts for 2,700 tons 
UzOg to be delivered during 1974-79. Cus- 
tomers are a U.S. utility company and Rio 
Tinto Zinc Mineral Services Ltd.26 Explo- 
ration in the mining area has established 7 
million tons of ore at 0.12 percent UgzOg 
and 2 million tons possible at 0.10 percent 
UsOs. An estimated 480,000 tons of ore av- 
eraging 0.06 percent UzOg were in 
stock pile.27 

The Australian Government announced 
plans to close the uranium processing 
plant at Rum Jungle, Northern Territory, 
by April 1971. A large stockpile of ura- 
nium oxide has been accumulated at 
nearby Lucas Heights. The Government 
planned to open up the reserved area to 
private prospecting. 

A group including Exoil N.L. and Trans- 
oil N.L. has announced low-grade ore re- 
serves of 2.5 million tons in the Mount 
Painter area, South Australia.28 The group 
also reported a discovery near Lake Frome, 
also in South Australia, at a depth of 400 
feet. 


Australia's first nuclear power reactor, a 
500-megawatt plant, was proposed for sit- 
ing at Jervis Bay, New South Wales. It 
will be owned by the Government and op- 
erated by the Electricity Commission of 
New South Wales. Reactor type was not 
firmly established, although the heavy-wa- 
ter type, operating on natural uranium 
mined and fabricated in Australia, report- 
edly was favored. 

Westinghouse Electric Corp. was inter- 
ested in purchasing Australian uranium 
under a long-term agreement and in asso- 


22 U.S. Embassy, Buenos Aires, Argentina. State 
Department Airgram A-601, Dec. 24, 1970, p. 6. 
Mining Engineering. V. 22, No. 12, Decem- 
ber 1970, p. 8. 
24 Northern Miner. No. 28, Oct. 1, 1970, pp. 


1, and 11. 

25 American Metal Market. V. 77, No. 210, 
Nov. 2, 1970, p. 17. 

26 Metal Bulletin. No. 5524, Aug. 14, 1970, p. 
27 World Mining. V. 6, No. 1, January 1970, p. 


= Mining Journal. V. 274, No. 7036, June 26, 
1970, p. 597. 
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ciating with Australian interests in uranium 
exploration, development, and processing.29 

According to the Australian Atomic En- 
ergy Commission, Australian nuclear power 
capacity will be 11,500 megawatts in 1990 
and 36,000 megawatts by the end of the 
century. 

Brazil.—Reserves at the Agostinho de 
posit, near Pocos de Caldas, Minas Gerais, 
exceed 1,000 tons UzOg, according to the 
Comissáo Nacional de Energia Nuclear 
(CNEN). About 500 tons of ore averaging 
0.22 percent UsOs has been stockpiled for 
processing study. 

Early in the year, a final decision was 
made to construct Brazil's first nuclear 
powerplant, a 500-megawatt installation, in 
the Angora dos Reis area, State of Rio de 
Janeiro. Later in the year, invitations to 
bid on the reactor program were an- 
nounced. 


Canada.—Uranium production was at a 
rate similar to that for 1969. Uranium 
oxide shipments totaled 4,010 tons, valued 
at $502 million or $6.26 per pound.30 
Four companies were in active production 
during the year—Denison Mines Ltd., Rio 
Algom Mines, Ltd., and Stanrock Uranium 
Mines Ltd., all at Elliot Lake, Ontario, 
and Eldorado Nuclear Ltd. at Uranium 
City, Saskatchewan. Stanrock suspended its 
leaching operation during the year; the 
others operated at partial capacity. Explo- 
ration activity was well below the 1969 
level. A few private UzOg sales contracts 
were announced. 


Gulf Minerals Co. continued develop- 
ment of its $50 million, 2,000-ton-per-day 
operation at Rabbit Lake, west of Wollas- 
ton Lake, northern Saskatchewan. Uranerz- 
bergbau G. m. b. H., West Germany, ac- 
quired a 49- percent interest and agreed to 
provide a market for 4 million pounds 
UzOg per year. This was considered the 
largest private uranium sale made to 
date. 31 This ownership arrangement was 
approved by the Canadian Government, 32 
which earlier in the year had acted to 
limit foreign participation in uranium 
operations. 33 


Following completion of the second ura- 
nium stockpiling program, the Government 
prepared to offer further assistance to keep 
the mines open at mimimum levels of 
efficient production. The Canadian stock- 
pile contained 9,500 tons UzOg. Late in the 
year, an “emergency joint venture stockpil- 
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ing program” between the Government 
(75 percent) and Denison Mines Ltd. (25 
percent) was announced.34 It involved the 
stockpiling of 6,467,000 pounds UzOg dur- 
ing 1971-74. 

The Port Hope, Ontario, uranium hex- 
afluoride (UFg) plant of Eldorado Nuclear 
Ltd. was in continuous production at an an- 
nual rate of 2,500 tons in midyear. The 
company planned to double production by 
1974. Delivery of UFg to customers, mainly 
in Japan, Sweden, and West Germany, 
began in September. 


There was a continuing shortage of 
heavy water for Canadian Deuterium Ura- 
nium (CANDU) nuclear reactors under 
construction or on order in Canada. 
Atomic Energy of Canada Ltd. reportedly 
needs 2,000 tons of heavy water by 1972. 
Three heavy water plants, each of 400 
tons’ annual capacity, were under construc- 
tion. Because of the shortage, Canada pur- 
chased 55 tons of heavy water from the 
U.S.S.R. This apparently was the first 
U.S.S.R. sale of nuclear materials to a 
major Western country. Further deliveries 
from the U.S.S.R. were expected.35 


Finland.—Finnish authorities ordered a 
440-megawatt,  pressurized-water reactor, 
the first in the country, and two turbogen- 
erators from the U.S.S.R. The estimated 
cost is $120 million, of which Finland will 
provide 55 percent and the U.S.S.R. the re- 
mainder through 20-year credits. The 
plant will be situated in the town of Lovi- 
isa. The U.S.S.R. will supervise construc- 
tion and will supply fuel elements for 20 
years. 


The Committee for Energy Supply pro- 
posed two nuclear power reactors (600 and 
720 megawatts) for the Helsinki area. 


In December Finnish authorities notified 
the International Atomic Energy Agency 
that Finland proposed purchasing fuel ele- 
ments from Gulf Energy and Environmen- 
tal Systems, Inc., San Diego, Calif. 


io aed journal. V. 276, No. 7065, Jan. 15, 

0 Williams, R. M. Uranium. PaL Min. J., 
v. 92, No. 2, 'February 1971, pp. 
¡970 Mining Record. V. 81, No. 33, ` Aug. 19, 
7775 Mining Record. V. 81, No. 38, Sept. 23, 

p. 

38 12 of Mines. Mineral Trade Notes. V. 
67, No. 8, August 1970, pp. 32-34. 

5 American Metal Market. V. 77, No. 246, Dec. 
28, 1970, 

35 Wall Suse journal. 105, Nov. 

25, 1970, p. 
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Table 16.—Estimated world growth of nuclear generating capacity, by countries 1 


(Megawatts) 
Country 1970 1975 1980 

Argentina. Si a as 800 1,800 
EEN, e. ee a a aa 500 1,000 
ne A ß OM E ei A A 600 1,800 
Belgium. AA A A A 8 100 1,800 8,600 
jj v. BEE EEN 1,500 
EE 200 2,500 8,000 
Denmark: hp ²˙ •mM y oi ee ads 600 
F(õÄöê%Ü?wꝛ ⸗ ⁵ ꝗ ] ↄ ð y ß ⁊¼ y DS, Uni het E 400 800 
777%///õõͤ ]m;ꝗꝗſſſ See ⁰ꝙyd dd d 1. 500 2, 600 9,200 
Germany, NG õdtt A MK 8 11,100 25,000 
ado 8 4 1,200 
India. J%2%%.,; (kw eee EI se 600 2,800 6,400 
Traoi OREL ⁵³Ä5ùAͥ;. ddßͥ ͥ⁰ dd Add aa ¿aa 600 
1 wu ⁰¹i¹½ Lect Lu ⁰⁰w: dd 600 1.400 8,000 
DED AAA EN 1,800 8,400 28,500 
C == ea eee ieee ds alta asa 600 2,700 
MEXICO occasion AE 600 2,000 
Netherlanda. set 100 500 2,000 
Now Zealand- eege, caida. ura. 800 
NOrWAY Eeer quee LN EE 500 
EIERE ß pdp ao aM Ee 500 1,000 
SE EE 8 1,200 
FF rs ed ß ß RU 500 
South Africa, upas, 2| EEE A A s abs A TUE 500 2,000 
Tu EE 600 2,500 7,000 
„ dd 400 3, 800 7,500 
iC ³⁰ mm wh. a le 400 1,800 8,500 
AT sh od ee 35 600 2,000 
Thailand EA ⁰⁰⁰ d E „J ˙ ae 400 
TIlõĩ§ĩ³Ü“¹u o0B— Lc bo ace ue ce „FFF 800 
United r ð K ⁰ A 5,800 11,700 26,200 
United States osas sd a a aci = 6,100 62,000 150,000 
% o² B 18,000 116,900 302, 600 


1Non- Communist world only; data as of April 1970. 
Source: European Nuclear Energy Agency and International Atomic Energy Agency. 


France.—France's first nuclear power- 
plant using enriched uranium fuel will be 
built at Fessenheim in the northeastern 
part of the country. Planned capacity is 
900 megawatts, the largest nuclear plant in 
France. Selection of a reactor type using 
enriched uranium was the result of a reor- 
ganization of the nuclear energy program. 
It was decided to discontinue the gas 
graphite reactor, which uses natural ura- 
nium fuel.36 


Germany, West.—A tripartite agreement 
for production of enriched uranium by the 
gas centrifuge process was signed with the 
United Kingdom and the Netherlands. De- 
sign and engineering work will be centered 
in West Germany; the two other partners 
will each have an enrichment facility with 
an annual capacity of about 50 tons en- 
riched uranium. 


Since completion of the first commercial 
nuclear reactor, 12 have been ordered or 
were under construction. The first fast 
breeder reactor was planned for construc- 
tion at Weisweiler, near Aachen. Nuclear 
power capacity was 900 megawatts in 1970 


and is expected to be 4,000 megawatts in 
1975, according to the West German Min- 
istry of Science,37 and 25 percent of total 
energy output is expected to be nuclear by 
1980. However, environmental problems 
were posed. The Reactor Safety Commis- 
sion may insist that a 1,200-megawatt 
plant, planned for Ludwigshaven, be am 
underground installation. 

Greece.— The test reactor at the Demo- 
critus Nuclear Research Center supplied 
about three-fourths of Greek demand for 
radioisotopes and was under expansion to 
provide essentially all these requirements 
by 1973. 

The first stage of a $1 million, 3-year 
exploration program was scheduled to start 
at favorable uranium areas in Macedonia, 
near the Bulgarian and Yugoslav borders. 
The project is sponsored by the United 
Nations Development Program ($850,000) 
and the Greek Government ($150,000) . 


" 5 & . News. V. 48, No. 7. 
e 

27 egy Journal. V. 275, No. 7052, Oct. 16, 
1970, p 
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India.—The uranium concentrating plant 
of the Government-owned Uranium Corp. 
of India, Ltd. at Jaduguda, Bihar, operated 
at nearly full rated capacity of 1,000 tons 
of ore per day. Ore reserves at the nearby 
mine were reported to be on the order of 1 
million tons. Lower grade deposits at Umra 
and Udaisagar, near Udaipur, Rajasthan, 
were being tested by heap-leaching methods. 

A 10-year program, 1970-80, in nuclear 
and space research ‘was proposed by the 
Indian Department of Atomic Energy.38 
The program includes nuclear powerplant 
capacity of 2,700 megawatts by 1980, in- 
cluding three new plants; development of 
a gas centrifuge for uranium enrichment; 
and a 500-megawatt prototype fast-breeder 
reactor. 

Construction continued on India’s third 
nuclear power station, at Kalpakkam, on 
the east coast, 35 miles south of Madras. 
Twin Candu-type plants, each of 200-mega- 
watt capacity, were planned. 

Italy.—AGIP Nucleare, part of Ente Na- 
zionale Idrocarburi, the state-owned oil 
and chemical firm, and Montecatini Edison 
will build a UFg prototype plant to study 
production technology of this compound, 
which is used in uranium enrichment. The 
plant will initially produce 20 tons UFg 
annually. 

Japan.—A Tokyo Institute of Technol- 
ogy report described a uranium enrich- 
ment process in which a uranium com- 
pound is passed through a small tube with 
a cation-exchange resin.39 

By 1984, Japan was expected to have total 
nuclear capacity of 36,000 megawatts in 45 
plants.“ The Japan Atomic Industry Con- 
ference forecast cumulative uranium de- 
mand of 190,000 tons to 230,000 tons by 
1990. Existing long term contracts total 
only about 30,000 tons. 

The Japanese Government in conjunc- 
tion with a number of trading and electric 
utility companies formed Overseas Ura- 
nium Resources Development Corp. to seek 
out and develop foreign uranium deposits. 
The Government-financed Power Reactor 
and Nuclear Fuel Development Corp. con- 
ducted research on UFs and centrifuges for 
uranium enrichment. 


Korea, Republic of.— Ground was broken 
for a $175 million, 595-megawatt, pressur- 
ized-water, nuclear powerplant at Kori, on 
the Republic of Korea's east coast. West- 
inghouse Electric International Co. is as- 
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sisting the state-owned Korea Electric Co. 
in the project. The plant, scheduled for 
operation in November 1975, will be the 
country's largest power producer. 

Mexico.—The Comisión Nacional de 
Energía Nuclear (CNEN) continued explo- 
ratory work on two areas in the State of 
San Luis Potosí and was authorized to pre- 
pare proposals for exploitation of deposits 
in Durango. According to the President's 
annual report, proven ore reserves were in- 
creased to 4.4 million tons, containing 
2,800 tons of UsOs (0.064 percent U3Os, or 
1.28 pounds of U3Os per ton). 

Early in the year, the Comisión Federal 
de Electricidad (CFE) asked for bids on a 
600-megawatt, $120 million, nuclear plant, 
probably to be built on the coast north of 
Veracruz. The CFE reported that seven 
bids were received for a 600-megawatt 
plant to serve Mexico City. CFE decisions 
were to be based on comparative advan- 
tages of nuclear or fossil-fueled plants and, 
if a nuclear plant is decided upon, 
whether natural uranium or enriched ura- 
nium fuel is more desirable.41 

Netherlands.—A centrifuge manufactur- 
ing plant was built, and a small-capacity 
experimental enrichment plant was under 
construction as part of the cooperative 
agreement with West Germany and the 
United Kingdom for uranium enrichment. 
Both installations will be located at Al- 
melo, Overijssel Province, the Netherlands. 
West Germany also will build an enrich- 
ment facility in the same area. Electric 
power producers expected that at least 
four nuclear power reactors, having a total 
capacity of 1,500 to 2,000 megawatts, will 
be completed in the Netherlands by 1980. 
However, the availability of large quanti- 
ties of natural gas at relatively low cost 
was expected to delay commercial nuclear 
power development. Gas-Unie, the domes- 
tic gas distributor, contracted with Ebasco 
Services, Inc., the U.S. engineering consul- 
tant firm, for a study of the competitive 
position of nuclear power.42 

Niger.—Open-pit mine development con- 
tinued at the Arlit deposit, operated by 


38 Department of Atomic Energy. Nuclear India. 
V. 8, No. 10, June 1970, pp. 1,3, and 7. 

39 Chemical Week. V. 106, No. 16, Apr. 22, 
1970, p. 56. 

4 Harris, S. G. Japan's Nuclear Plans Impor- 
tant to Canada. Foreign Trade, v. 134, No. 6, 
Oct. 24, 1970, pp. 7-9. 

t Bureau of Mines. Mineral Trade Notes. V. 
67, No. 6, June 1970, pp. 30-31. 

12 U.S. Embassy, The Hague, Amsterdam. State 
Department Airgram A-508, Dec. 4, 1970, 2 pp. 
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Société des Mines de l'Air (SOMAIR). 
Production started late in the year and to- 
taled 59 tons of concentrate. The first 
stage called for a 825-short-ton-per-year 
mill, with expansion to 1,650 tons UzOg 
per year by 1974. The concentrate will be 
hauled by rail to port in Dahomey, pend- 
ing completion of a new haulage road to 
join the existing southbound road to rail- 
head in Dahomey.:3 About 24 French 
technical personne] and more than 500 Ni- 
gerians are employed in the project. The 
Niger Government holds a 16-percent inter- 
est in SOMAIR. 

The Niger Government, the French 
Commissariat de l'Energie Atomique (CEA), 
and the Japanese Overseas Uranium Re- 
sources Development Co. (representing 20 
companies in Japan) concluded an agree- 


ment for development of a uranium deposit, 
at Akokan, 12 miles south of Arlit44 Ex- 


ploration was scheduled to start in July. 
The CEA will finance 70 percent, and the 
Japanese consortium 30 percent, of the first 
stage. Developmental costs of the second 
stage will be financed as follows: Japanese, 
25 percent; Niger Government, 30 to 40 per- 
cent; and the CEA, the remainder. The 
CEA and the Japanese will take equal 
shares of the production.45 

A third uranium deposit was reported at 
Imouraren, 30 miles south of Arlit, where 
a mineralized zone was intersected by drill- 
ing at depths of 450 to 1,200 feet. 

Pakistan.—The United Nations Develop- 
ment Program has allocated $400,000 for 
uranium exploration in the Dera Ghazi 


Khan area. Survey work was scheduled for * 


October, following the monsoon and sum- 
mer season. 

A 200-megawatt, pressurized-water reac- 
tor was planned for East Pakistan, Ateliers 
de Construction Électriques de Charleroi, 
a Westinghouse subsidiary, was selected as 
main contractor by the Pakistan Atomic 
Energy Commission. The Commission had 
engaged Motor-Columbus A.G., the Swiss 
consulting firm, as its technical and eco- 
nomic advisor. 46 

Somali Republic. —Nucleare Somala, a 
subsidiary of Ente Nazionale Idrocarburi, 
Italy, continued exploration for uranium. 
A West German consortium relinquished 
its concession, and Western Nuclear, Inc., 
United States, suspended operations about 
midyear pending evaluation of completed 
exploratory work. 

The $1.8 million second stage of the 10- 
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year United Nations Development Program 
was underway. Areas of anomalous radioac- 
tivity were discovered during the first 
stage, from 1964 to 1968. Further radiome- 
tric surveying, geochemical work, mapping, 
and drilling were planned for the second 
stage.47 


South Africa, Republic of.—In July the 
Government announced that the Atomic 
Energy Board had developed a new and 
unique process for uranium enrichment, 
reportedly not an adaptation of either the 
gaseous diffusion or the centrifuge method. 
Plans were made to develop the process on 
a pilot-plant stage. À mew company Ura- 
nium Enrichment Corp. of South Africa 
Ltd., was to be formed to conduct further 
research on uranium enrichment.*8 


Palabora Mining Co., the major copper 
producer, was building a $42 million 
plant at its Phalaborwa mine for recovery 
of byproduct uranium oxide from a heavy 
mineral concentrate containing uranothor- 
ianite. The South African Atomic Energy 
Board, in conjunction with the National 
Institute of Metallurgy, has developed a 
process for recovery of uranium and by- 
product thorium sulfate.+9 


Uranium in excess of contract require- 
ments was stockpiled. The original ura- 
nium mills have been modernized, most by 
incorporation of the solvent extraction 
process, which reduced operating costs and 
produced a higher purity uranium oxide. 
Solvent extraction has also been adopted at 
all new uranium recovery plants. 


The Nuclear Fuels Corp. of South Africa 
Pty. Ltd. (NUFCOR) sponsored research 
on treating old slimes and tailings dumps 
from gold-mining operations. These mate- 
rials total millions of tons and contain 
low-grade uranium values. One process is 
based on bacterial oxidation of pyrite in 
the slimes.50 


43 1 and Mining Journal. V. 171, No. 
6, June 1970, 257. 

4 Mining sud 70, p. 49 Engineering. V. 6, No. 
11, November 1970, 49. 

45 American Metal Market, V. 77, No. 64, Apr. 
6, 1970, p. 16. 
* Foreign Trade. V. 135, No. 3, January 1971, 
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The Atomic Energy Board established a 
Division of Site and Installation Licensing. 
At midyear, South Africa's first nuclear 
power reactor had reached the advanced 
planning stage. The site is Duynefontein, 
Cape Province, where completion was 
scheduled for 1977-78. A total of 20,000 
megawatts of nuclear power was projected 
for the year 2000.51 


South-West Africa—An extensive drill- 
ing program at Rossing has resulted in the 
discovery of a large, low-grade ore deposit. 
Bulk sampling and pilot-plant testing were 
underway. The mineralized area is 5 miles 
long, up to 1 mile wide, and of undeter- 
mined depth. The deposit will be mined 
by open-pit methods. Average grade was 
reported to be 0.03 percent UzOg, or 0.8 
pound per ton.52 General Mining and Fi- 
nance Corp. and Rio Tinto Africa (Pty.) 
Ltd. were cooperating in mine develop- 
ment, The United Kingdom Atomic En- 
ergy Authority contracted to purchase 
7,500 tons of UsOs during 1976-82.53 


Spain.—Further progress was made on 
nuclear power facilities. Plants were under 
construction at Vandellos and Santa Maria 
de Garofia. In April the first part of an 80- 
ton enriched-uranium-fuel core arrived in 
Madrid. 

Twin-unit nuclear power projects were 
planned at Almarez and Lemoniz. Two 
electric utility companies have joined 
forces to contract on a combined basis. 
Thirteen bids were received from six sup- 
pliers in four countries. The reactors were 
expected to be in the 500-to 900-megawatt 
range. 

Another two-unit nuclear installation 
was planned by Fuerzas Eléctricas de Ca- 
taluña, S.A., of Barcelona. A tentative site 
has been selected, where one plant would 
be completed in 1976, and the other in 
1981. Light-water, enriched-uranium types, 
in the 800-megawatt range, were consid- 
ered.54 


Sweden.—In January Swedish and U.S.S.R. 
Officials signed a 30-year agreement to 
cooperate on peaceful uses of atomic en- 
ergy. The agreement includes exchange of 
unclassified information, delivery of nu- 
clear equipment and materials on a com- 
mercial basis, and toll enrichment of Swed- 
ish uranium in the U.S.S.R. 

Necessary design modifications continued 
to delay operations at the 140-megawatt, 
heavy-water reactor at Marviken. Later in 
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1970, conversion of the installation to an 
oil-fueled plant was considered.55 

Four commercial reactors, with a total 
capacity of 2,500 megawatts, were under 
construction. Sweden’s first commercial 
power reactor, the 440-megawatt Oskar- 
shamn I, went critical in December. Con- 
struction work started on the 580-megawatt 
Oskarshamn II, which was scheduled for 
completion in 1974. By 1980, plans call for 
12 nuclear power installations and more 
than 7,000 megawatts of total nuclear ca- 
pacity. 

Switzerland.—The first nuclear reactor in 
Switzerland using enriched uranium fuel 
will be built at Kaiseraugst on the Rhine 
River. The 840-megawatt plant is a joint 
effort of Swiss, French, and West German 
interests. General Electric Co. and Sogerca, 


a subsidiary of France's Générale 
d’Electricité, will build the nuclear 
facilities. 56 

Bernische Kraftwerke A. G. (BKW), 


Berne, continued construction of a 306- 
megawatt plant at Muehleberg, near Berne, 
scheduled to start producing electricity late 
in 1971. BKW was also seeking Government 
approval for a two-unit installation, each 
of 540 megawatts, at Graben, 30 miles 
north of Berne.57 

United Kingdom.—A geologic reconnais- 
sance project for uranium in northern 
Scotland, conducted hy the Institute for- 
Geological Sciences for the United King- 
dom Atomic Energy Authority (UKAEA), 
was essentially completed. Uranium indica- 
tions were fairly widespread in Sutherland 
and Caithness Counties, and further study 
appeared justified.58 


Delays continued at the 1,200-megawatt, 
advanced gas-cooled Dungeness B reactor. 
This installation was originally intended to 
be the first commercial application of this 
concept. Completion, originally scheduled 
for September 1971, has been delayed, 


51 Canadian Mining Journal. V. 91, No. 9, Sep- 
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52 U.S. Consulate, Johannesburg. South Africa. 
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56 Chemical & Engineering News. V. 48, No. 
53, Dec. 21, 1970, p. 31. 

57 Foreign Trade. V. 135, No. 2, Jan. 16, 1971, 
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Table 17.—Status of development of the liquid-metal fast-breeder reactor in 1970 


Power (megawatts) Initial 
Status and country operation 
Thermal Electrical 
Operatin 

United A EE 200 66 1968 
D. chiara ð Kd ⁊ dy y 62.5 20 1964 

)J); held ed cie eels. 2 es 1969 
Frant MARIO IRL 900 1967 
7 1 Aid... isa Qu .......-.-.- 60 15 1959 
JJ PN EE 1959 

A A dd 8 60 12 1970 

Under construction: 

United TEE 400 ..........- 1974 
PH MR CH PA 600 250 1973 
United Kingdom. ett ß 600 250 1972 
S R. A A 8 1,000 150 1971 

8 AA A Mu LUI Saw S 1,500 600 1973-75 
United States. ð·˙ . dl de ir 750-1,250 800-500 1976 
Haly A A dE. 140 ........... 1975 
JADAD l oe se ae Se eee 88 100- AAA 1978 
))/õù]⁰¹ A 750 300 1976 
West Germany. my...... os 58 20 1972 
) D ⅛ m seed. t y A us 730 300 1975 


Source: U.S. Atomic Energy Commission. 


probably until the end of 1973. The main 
problems were in design and corrosion.59 

The UKAEA concluded a 3-year agree- 
ment with Combustion Engineering, Inc., 
United States, for conversion of 3 million 
pounds of UzOg to UFg at its Springfields, 
Lancashire, fue] plant. The UFg product 
will be returned to the United States for 
enrichment.60 

The Production Group, UKAEA, repre- 
sents British participation in the tripartite 
uranium-enrichment agreement, also in- 
volving the Netherlands and West Ger- 
many. According to the UKAEA Annual 
Report for 1969-70, a gas centrifuge plant 
will be commissioned at Capenhurst in 
1972. Eventual capacity will be 40 to 50 
tons separative work units. The UKAEA 
will transfer its functions in the project to 


WORLD 


The current edition of a report on 
world (non-Communist) uranium re- 
sources, prepared for the Organization for 
Economic Cooperation and Develop- 
ment (OECD), lists total established re- 
serves of nearly 840,000 tons UzOg (at less 
than $10 per pound) and 880,000 tons 
UsOg as estimated additional reserves 
(same price) .62 Reserves are subject to re- 
vision upward, because of increases mainly 
in the United States and Australia. Accord- 
ing to the AEC, U.S, reserves at yearend 
were 246,000 tons UzOg at $8 per pound 
and 300,000 tons UzOg at $10 per pound. 


a proposed new company, British Nuclear 
Fuels Ltd. 

U.S.S.R.—Russia reportedly has received 
orders for equipping more than 20 nuclear 
power units in Bulgaria, Hungary, East 
Germany, Romania, Czechoslovakia, and 
Finland. 

A fast-breeder reactor (FBR) program is 
underway. A 350-megawatt FBR has been 
completed at Melekess, a similar plant is 
under construction at Shevchenko, and a 
600-megawatt unit is under construction in 
the Ural Mountains.61 A number of power 
reactors of various types were planned for 
service during 1971-75. 

Late in the year, the U.S.S.R. negotiated 
with representatives of nuclear companies 
in Finland, France, West Germany, and 
Sweden to provide toll enrichment services. 


RESERVES 


The former is based on nearly 118 million 
tons of ore averaging 0.21 percent UgOg 
and represents a 55,000-ton increase from 
the first of the year. Domestic potential re- 
serves ($8 per pound) increased by more 


1 V. 236, No. 6624, Aug. 8. 1970, 
E Mining Magazine. V. 


123, No. 4, October 
1970, p. 345. 
61 Foreign Trade. V. 135, No. 5, Feb. 27, 1971, 
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62 Organization for Economic Cooperation and 
Development. Uranium Resources, Production, 
and Demand. A Joint Report by the European 
Nuclear Energy Agency and the nun 
Atomic Energy Agency. Paris. September 1970, 
pp. 
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than 100,000 tons to 490,000 tons UgOg. 


These increases resulted from the large- 


scale private exploratory drilling programs, 


which peaked in 1969 but remained sub- 
stantial in 1970. 
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Preliminary estimates for two major dis- 
coveries in the Northern Territory of 
Australia indicate a substantial reserve in- 
crease. In addition, new reserves were re- 
ported in other parts of the country. 


Table 18.—World uranium reserves and production capacity, by countries 1 


(Short tons) 
Annual capacity 
Country Reserves : | 
Planned Attainable 
1973-74 1975 

E TEE 10,000 88 88 
ö 0 ³⁰ 7A AAA A uu tede 821,700 1,500 1,500 
Pral J ð ERE a a 2.1. Re 
A EE 282,000 5,500 13,000 
Central African Republic dd 10, 400 780 780 
Katie 45,000 2,800 2,800 
Gabon JJ. A EUN 13,500 780 780 
A A , 500 120 120 

JODA MEME Nc 2,700 40 
7JôöĩÜ5rt(¹9.r d . eck eee 1,800 200 200 
Nigor EE 26,000 970 1,940 
!!! ße pp p 9, 600 300 300 
Souch Africa, Republic ot 200,000 6,000 6,000 
An A A E x E Vu 550 550 
United "tte l; ¿uu u ucu ol. acre 4250, 000 19, 000 28,000 
Fü u ͥ kd E J———————— á— 
jii PI —— ⁰ P À— 889,300 38,188 50,598 

1 Non-Communist world only. 


2 U sOs at less than $10 per pound; data as of April 1970. 


3 Subject to major revision upward, 
Does not include 90,000 tons of byproduct U: O.. 


on recent major discoveries. 


Source: European Nuclear Energy Agency and International Atomic Energy Agency. 


TECHNOLOGY 


The AEC continued its sponsorship of 
large-scale research and development in all 
phases of nuclear technology. About three- 
fourths of the overall basic research pro- 
gram is conducted at AEC-owned laborato- 
ries and at AEC-owned contractor-operated 
research and development facilities. The 
remainder is contracted research and 
development.68 Because of the significance 


of the environmental issue in connection. 


with nuclear development, the AEC re- 
ported its sponsoring of 1,072 projects on 
environmental matters in 1970. 

A report compared roll-type uranium 
ore deposits in Wyoming and peneconcor- 
dant tabular deposits of the Colorado Pla- 
teau, the principal sources of uranium in 
the United States, and discusses their genetic 
implications.$94 The Wyoming ore rolls 
are considered dynamic, having been 
pushed downward by downward-moving 
oxygen-bearing ground water, whereas the 
Plateau deposits seemingly formed as static 
bodies. 


The geologically unique Orphan mine 
structure, Grand Canyon, Ariz., where ura- 
nium ore occurred in a nearly circular, 
vertical pipe structure, 150 to 500 feet in 
diameter, is considered to have probably 
formed by solution collapse.65 The pipe 
structure and uranium mineralogy suggest 
a hydrothermal origin for the ore deposit, 
but the authors suggest the importance of 
ground-water activity. 

A. new concept for uranium ore deposi- 
tion is postulated for the Athabasca sand- 
stone of northern Saskatchewan, Canada.s6 


e3 U.S. Atomic Energy Commission. Fundamen- 
Te Nuclear Energy Research—1970. January 1971, 


Dp. 

% Fischer, R. P. Similarities, Differences, and 
Some Genetic Problems of the Wyoming and Col- 
orado Plateau Types of Uranium Deposits in 
Sandstone. Econ. Geol, v. 65, No. 7, November 
1970, pp. D 

65 Gornitz, V , and P. F. Kerr. Uranium Miner- 
alization and ‘Alteration, Orphan Mine, Grand 
Canyon, Ariz. Econ. Geol., v. 65, No. 7, Novem- 
ber 1970, pp. 751757. 

es Johns, véi W. Athabasca Sandstone and Ura- 
nium Deposits. Western Miner, v. 43, No. 10, 
October 1970, pp. 42-52. 
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The paper is pertinent because the re- 
cently discovered Wollaston Lake deposit 
of Gulf Oil Corp. is believed to lie near 
the eastern margin of the widespread and 
thick Athabasca sandstone. This discovery 
started a wave of land acquisition, result- 
ing in the entire region underlain by this 
sandstone being covered by mineral per- 
mits. As a result of his work on the origin 
and geologic environment of this sandstone, 
the author considers that much of the pre- 
vious exploration drilling did not pene- 
trate to deep favorable zones in a regolith 
at the base of the sandstone and that fu- 
ture exploration should attempt to develop 
data on this zone. 

A Bureau of Mines reserve study com- 
prised not only current economic uranium 
reserves but also low-grade, potential re- 
sources, such as copper leach solutions, 
wetprocess phosphoric acid, Florida phos- 
phates, and the Chattanooga shale.67 

Kermac Nuclear Corp. completed a 
major shaft-sinking project, the largest of 
its type in the country, at an Ambrosia 
Lake property, New Mexico. The shaft is 
784 feet deep, 16-14 feet in external diame- 
ter, and steel-lined with external reinforc- 
ing members to full depth. Rotary-rig 
drilling was employed, using a 1614-foot 
hard-rock bit, weighing nearly 40 tons, and 
a newly engineered 150-foot twin mast.68 

Bacterial leaching tests were applied on 
a commercial scale in experimental stopes 
at a mine in the Elliot Lake district, 
Ontario.69 Bacteria are considered to play 
two roles: Direct oxidation of U+4 to 
U-+6 or replenishing the supply of ferric 
iron, which also oxidizes uranium. The 
latter is considered more significant. 

In situ leaching has been underway at 
the Pitch mine in the Gunnison National 
Forest, southern Colorado, since 1968. This 
operation followed 3 years of conventional 
top slicing in a highly fractured fault 
zone. Success of the leaching reportedly has 
been variable. The leach solutions were in- 
troduced into the stopes by a system of 
pumps, pipelines, and 40 injection wells. 
Originally, natural water was the leaching 
agent; later, the pH was adjusted with so- 
dium bicarbonate.70 

Work continued on improvement of ura- 
nium-processing techniques. Despite in- 
creasing costs of labor, equipment, 
supplies, and services, costs have decreased 
in several milling operations. Development 
work was underway on two modifications 
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to the well-established solvent exchange 
process; namely, cyclone separators to re- 
place mixer-settlers and solvent exchange 
from acid leach slurries.71 Anticipated de- 
mand for nuclear fuels has caused a re- 
surgence of ore-processing research, partic- 
ularly in bacterial leaching and in the 
reduction of the uranyl ion and precipita- 
tion of UO,.72 

Two types of countercurrent ion exchange 
columns, developed by the Bureau of Mines, 
were tested for uranium recovery from 
mine waters in the Ambrosia Lake district.73 
For 1 year, mine waters containing 10 parts 
per million U3Og were processed through 
a compartmented, upflow-type ion exchange 
column of 1-square-foot area at flow rates 
up to 25 gallons per minute. Recovery 
reportedly appeared better than that at- 
tained with existing ion exchange equip- 
ment and commercial techniques used in 
the district. This work is part of the Bu- 
reau's continuing Uranium Recovery Proj- 
ect, started in fiscal year 1969, and includes 
research to improve uranium-recovery tech- 
niques from ores, waters, wet- process 
phosphoric acid (WPPA), and other re- 
sources, and also to improve metallurgical 
techniques for the processing of commer- 
cial ores. Regarding WPPA, which contains 
0.15 to 0.25 gram UsOs per liter, 2,000 tons 
UsOs are potentially recoverable annually. 
Commercial solvent exchange techniques, 
used to recover several hundred tons UzOg, 
were not economic because of excessive sol- 
vent losses and high chemical costs. Re- 
search continued on improved extractants 
and chemical techniques. 

Research and development on uranium 
enrichment for nuclear fuels continued in 
many of the industrialized nations. The 


67 Bieniewski, C. L., F. H. Persse, and E. F. 
Brauch. Availability of Uranium at Various 
Prices From Resources in the United States. 
BuMines Inf. Circ. 8501, 1971, 92 pp. 

s Engineering and Mining Journal. V. 171, No. 
6, June 1970, p. 140. 

69 Duncan, D. W., and A. Bruynesteyn. Micro- 
biological Leaching of Uranium. British Colum- 
bia Research, Vancouver, B.C. Presented at Ura- 
nium Symposium, Socorro, N. Mex., May 1970, 9 
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7 Marrs, L. F. Underground Leaching of 
Uranium at the Pitch Mine. Min. Cong. J., v. 
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71 Ross, A. H. Uranium Mills Hit High Rate 
i Northern Miner, No. 5, Apr. 23, 
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Tokyo Institute of Technology reported a 
new method, successful in enrichment by a 
factor of 1.017 on a laboratory scale, and 
planned a larger test device.The process 
involves isotopic separation in a long, nar- 
row tube filled with positive ion exchange 
resin. It is considered suitable for low en- 
richment concentrations, such as for peace- 
ful uses. Advantages are relatively low-cost 
equipment and ease of handling. The gas 
centrifuge process, probably the most 
widely accepted in research and develop- 
mental work, was reported to have a num- 
ber of advantages over the gaseous diffu- 
sion process—the need for perhaps 10 
percent as much electric power, lower capi- 
tal investment, optimum competitive cost 
efficiency at much lower capacity, and ease 
of expansion by adding cascades.74 

Advances were made in nuclear fuel 
technology as a result of both AEC-spon- 
sored and private industrial efforts. Re- 
searches sought fuel cladding with a mini- 
mum of swelling and interaction with fuel. 
A design problem is the swelling of 
stainless steel under fast neutron irradia- 
tion, caused by voids in the steel, formed 
by the fast neutron bombardment. Empha- 
sis was placed on the ceramic fuels, which 
are probably among the fastest growing 
sectors of the nuclear industry. A recent 
report describes the sintering process in 
the preparation of ceramic fuels into 
pellets.75 Firing requires precise tempera- 
tures, timing, and atmospheric conditions. 
The pellets must withstand extremely high 
temperatures and changes in composition 
and structure owing to nuclear radiation, 
which often induces radial cracks and cir- 
cumferential parting. 

In fuels reprocessing, an improvement in 
plutonium recovery during plutonium-ura- 
nium separation was developed by E.I. Du 
Pont de Nemours, operator of the AEC's 
Savannah River plant, Aiken, S.C. Hydrox- 
ylamine nitrate, a reducing agent substi- 


tuted for the sulfate, resulted in less waste 


products and reduced corrosion, in addi- 
tion to better plutonium  recovery.76 
Westinghouse Electric Corp. and Edison 
Electric Institute jointly conducted a proj- 
ect designed to test the economic viability 
of the plutonium fuel assembly in the 
pressurized-water reactor. Westinghouse 
fabricated 720 plutonium fuel rods at its 
Cheswick, Pa., plant to be used in refuel- 
ing the San Clemente, Calif., nuclear gen- 
erating station in August.77 Also, an AEC 
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plutonium reactor carries an inventory of 
3,000 kilograms of plutonium for a full- 
scale mockup of plutonium fuel arrange- 
ments in future commercial reactors. 

According to the AEC, the high-priority 
liquid-metal fast-breeder reactor (LMFBR) 
program was directed toward fuel and ma- 
terial development, construction and opera- 
tion of experimental and test facilities, and 
planning a first demonstration plant, 
jointly with industry. The objective is a 
burnup rate of 100,000 megawatt-days per 
ton of fuel. The AEC considers that, po- 
tentially, the LMFBR is economically com- 
parable with the LWR and complements 
the LWR in that it uses plutonium pro- 
duced in the LWR. It also represents a 
highly efficient use of energy resources, 
and, being a high-temperature system, its 
high thermal efficiency permits designs that 
will add less waste heat to the environment 
per unit of power. Experimental Breeder 
Reactor II at the National Reactor Testing 
Station, Idaho, continued testing of fuels 
and irradiated materials for the LMFBR. 
The Fast Flux Test Facility, to be con- 
structed at Richland, Wash., will test ra- 
diation effects on future commercial 
reactors.78 The AEC’s Bettis Atomic Power 
Laboratory, Pittsburgh, Pa., continued de- 
velopment of reactor core potential for 
breeding in the LWR system, based on the 
advanced seedblanket technique used at 
the Shippingport (Pa.) Atomic Power 
Station. The Molten Salt Breeder Reactor, 
under development at the Oak Ridge 
(Tenn.) National Laboratory, has poten- 
tial for reduced fuel costs, high thermal 
efficiency, and improved fuel doubling time 
(time required to produce a surplus 
quantity of fuel equal to that required to 
fuel the reactor), when combined with an 
onsite reprocessing plant. A request was 
made for a 1,000-megawatt design study to 
be made by an industrial contractor. 

Future underground nuclear reactor in- 
stallations were considered for southern 
California and parts of Europe, 7? and the 


14 Brooks, K. Centrifuges. Chem. Week, v. 107, 
No. 12, Sept. 16, 1970, pp. 33-48. 

75 Goldsmith, F. J. Nuclear Fuel Sintering Con- 
ee. C Tam; Age, v. 86, No. 12, December 1970, 
pp. 13-15. 

18 Chemical Engineering News. V. 48, No. 52, 
Dec. 14, 1970, pp. 56-59. 

"7 Industry Week. V. 166, No. 5, Feb. 2, 1970, 
pp. 18-19. 

T Seaborg, G. T., and J. L. Bloom. Fast 
Breeder Reactors. Sci. Am, v. 228, No. 5, No- 
vember 1970, pp. 13-21. 

79 Chemical & Engineering News. V. 48, No. 
35, Aug. 24, 1970, p. 29. 
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U:S. Interior Department granted an 
award to General Dynamics Corp. for a 
feasibility study on offshore siting.80 

The radioisotope californium-252 as- 
sumed greater significance in industrial 
and other applications. Because of certain 
advantages, mainly as a prodigious neutron 
emitter, it has replaced other isotopes in a 
number of uses.81 A recent paper describes 
U.S. Geological Survey activities in nuclear 
geophysical exploration, including the use 
of californium-252.82 The basis of this 
technique is neutron activation of stable 
elements, which then become artificially 
radioactive. The elements are identified by 
measurement of energy from their gamma- 
ray emissions. The U.S. Geological Sur- 
vey has extended laboratory techniques to 
vehicle-mounted equipment for use in the 
field. Scientists from Battelle Pacific North- 
west Laboratories of Richland, Wash., 
demonstrated this technique in a nuclear 
probe for exploration on and mapping of 
the ocean floor.83 Rapid analysis of some 
20-30 elements can be made in their natu- 
ral environment. 

There were no experimental detonations 
in the AEC’s Plowshare program in 1970; 
efforts were directed toward interpreting 
results of earlier experiments in natural 
gasfields. New explosive designs were under 
study, including special requirements for 
hydrocarbon applications. Studies also in- 
cluded oil shale, mineral recovery, under- 
ground storage, waste management, ground 
water management, and geothermal energy 
applications. A feasibility study was under- 
way on development of geothermal power 
from underground nuclear detonations. A 
number of engineering problems need to 
be solved.84 

Radioactive waste management received 
increasing attention from both the AEC 
and industry. It was estimated that some 
17,000 gallons of highly radioactive waste 
materials were generated in 1970, and the 
rate may reach | million gallons in 1980. 
The AEC announced the Third Annual 
Symposium on Packaging and Transporta- 
tion of Radioactive Materials to be held in 
Richland, Wash., in August 1971. The 
AEC also established a Division of Waste 
and Scrap Management to centralize re- 
sponsibility for contro] over the processing, 
transport, storage, and disposal of wastes 
and the reprocessing of scrap materials 
containing special nuclear materials. At the 
AEC’s Hanford and Savannah River plants, 
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liquid wastes are evaporated to concen- 
trated salt solutions, which solidify to 
moist salt cakes. At the reactor testing sta- 
tion in Idaho, the high-temperature flui- 
dized-bed process is used. Wastes are con- 
verted to a granular calcined product with 
about one-ninth the volume of the original 
solution. 

Ion exchange is used for removal of 
troublesome cesium-137, which has a long 
half-life and poses heat buildup problems 
in stored nuclear residues. The ion-ex- 
change medium is an inorganic zeolite, 
which has affinity for cesium and with- 
stands the radioactive environment.85 

Several processes have been developed 
for converting liquid wastes to inert solid 
ceramic forms.86 A phosphate or borosili- 
cate is used as the primary flux. The ce- 
ramic form occupies one-tenth the volume 
of the original liquid form. The final 


‘product ranges from a true glass to a rock- 


like ceramic, which has advantages in dur- 
ability, low dispersion potential, noncorro- 
sion to storage containers, resistance to 
high temperatures, and minimal surveil- 
lance requirements. 

In midyear the AEC announced tentative 
selection of a salt mine site, near Lyons, 
Kans., for demonstration of long-term stor- 
age of high-level, long-lived wastes in the 
solid state. Storage would be in sealed ves- 
sels in a thick salt bed, 1,000 feet under- 
ground. Geological and engineering test 
studies were underway at the site. 

Health and safety in uranium mines re- 
ceived increasing attention in 1970. A re- 
cent report describes the variable factors 
affecting the rate of radon gas emanations 
from rock surfaces and accumulations in 
mine openings.87 The author concludes that 
new mine development and mining meth- 
ods should be planned so that conditions in 


„ Week. V. 107, No. 4, July 22, 
, P: e 
81 Pages 11 to 40 of work cited in footnote 12. 

82 Senftle, F. E. Mineral Exploration by Nu- 
clear Techniques. Min. Cong. J., v. 56, No. 1, 
January 1970, pp. 21-28. 

83 Engineering es Mining Journal. V. 171, No. 
9, September 1970, 182. 

84 Industrial Research. V. 12, No. 7, July 1970, 


pp. 22-23. 
85 Godfrey, W. L., and D. J. Larkin. Ion Ex- 
Radioactive Waste Solutions. 


change Tames 

chem: Eng., v. 77, No. 15, July 13, 1970, pp. 
86 Mendel, J. E. Ceramics Make Nuclear Wastes 

Safe. Ceram. Age, v. 86, No. 12, December 1970, 
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—. 


P. 

87 Thompkins, R. 
Mines. Canadian Min. J., v. 91, No. 10, 
1970, pp. 103-105. 


URANIUM 


the mine are within the proposed working 
level of radiation. 

The Bureau of Mines published a hand- 
book on radiation control in uranium 
mines, the first of a two-volume study.88 
The Bureau’s Mining Research Center, 
Pittsburgh, Pa., commenced work to de- 
velop new techniques needed to meet cur- 
rent and future health standards in ura- 
nium mines. 

Union Carbide Corp., the AEC’s contrac- 
tor at the Oak Ridge enrichment plant, 
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announced development of a process for 
removal of essentially all radioactive ex- 
haust gases from nuclear powerplants. These 
gases-krypton and xenon-are removed with 


fluorocarbon solvents by selective absorption 
stripping.89 


8 Rock R. L., and D. K. Walker. Controlling 
Employee Exposure to Alpha Radiation in Un- 
derground Uranium Mines. BuMines Handbook, 
v. 1 of two volumes, 1970, 72 pp. 

8 Chemical & Engineering News. V. 48, No. 
39, Sept. 14, 1970, p. 47. 
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Vanadium 


By Harold A. Taylor, Ir. 


Domestic demand for vanadium was 
strong in the first half of the year, but it 
slacked off in the second half. Domestic 
production was at a slightly lower level 
than in the previous year. The huge vol- 
ume of exports of vanadium ore, oxides, 
and ferrovanadium, was a reflection of 
strong demand for vanadium overseas. ‘The 
Government sold surplus vanadium pen- 
toxide during the early part of the year. 

Legislation and Government Programs. 
—The Office of Emergency Preparedness 
decreased the conventional war stockpile 
objective for vanadium from 2,100 to 540 
short tons of contained vanadium on 
March 4. The entire 540 tons is in the 
form of vanadium pentoxide; there is no 
longer a ferrovanadium objective. 

The General Services Administration 
(GSA) sold 402,000 pounds of vanadium 
contained in vanadium pentoxide in Feb- 
ruary and 399,199 pounds in March on an 
off-the-shelf basis at $1.55 per pound of 


contained V205. They sold 799,300 pounds 
in April, 803,057 pounds in May, and 
801,250 pounds in June, all off-the-shelf at 
$1.64 per pound of contained V205. GSA 
continued making monthly off-the-shelf of- 
ferings through October at $1.94, but made 
no sales. In November, an offering was 
made on a sealed-bid basis but none of 
the bids received were accepted. The bids 
received ranged from $1.10 to $1.68 per 
pound. All the sales were under strict 
export controls which forbade either ex- 
porting the materials, reselling and then 
exporting it, or converting it to ferro- 
vanadium and then exporting it. 

As of December 31, 1970, the Govern- 
ment had an inventory of 3,345 short tons 
of vanadium, all in the national stockpile. 
Of this total, 1,200 tons was in the form of 
ferrovanadium and 2,145 tons was in the 
form of vanadium pentoxide. 


1 Physical scientist, Division of Ferrous Metals. 


Table 1.—Salient vanadium statistics 


(Short tons of contained vanadium) 


1966 1967 1968 1969 1970 
United States: 
Production: 
Ore and concentrate: 
Recoverable vanadium !............. 5,166 4,963 6,483 ` 5,577 5,319 
Value... cou Sua thousands.. $22,210 $21,331 $28,143 $26,334 $34,923 
Vanadium pentoxide recovered. .......... 6,496 5,921 6,149 5,906 5,594 
Sinne 5,481 5,245 5,495 6,154 5,134 
Exports: 
Ferrovanadium and other vanadium alloy- 
ing materials (gross weight)............ 482 351 278 644 2,155 
Vanadium ores, concentrates, oxides, and 
vanadates -` .-----------------------M 886 788 463 258 973 
Imports (general): 
Ferrovanadium (gross weight) 8 14 626 449 21 
Ores and concentrate s 72 42 31 de FN 
World production... 10,029 10,266 13,331 14,830 16,448 


! Measured by receipts of uranium and vanadium ores and concentrates at mills, plus vanadium recovered 
from ferrophosphorus derived from domestic phosphate rock. 
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DOMESTIC 


While the uranium-vanadium ores of the 
Colorado Plateau continued to be the 
principal domestic source of vanadium, the 
quantity recovered from Arkansas vana- 
dium ore increased. The amount of vana- 
dium recovered from ferrophosphorus con- 
tinued to be significant. Other 
vanadiferous materials used as feed at var- 
ious mills included vanadium residues, 
spent catalysts, and imported vanadiferous 
slag. The recovered vanadium pentoxide 
figures in tables 1 and 4 for 1970 are on 
the same basis as 1969 and do not include 
vanadium recovered from imported vanadi- 

ferous slag. 
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PRODUCTION 


The mill of Union Carbide Corp. at 
Rifle, Colo., is now the only mill recover- 
ing significant quantities of vanadium from 
domestic uranium-vanadium ores. Ameri- 
can Metal Climax, Inc., closed its mill at 
Grand Junction, Colo., early in 1970 be- 
cause of the present and prospective weak 
market for uranium. The Soda Springs, 
Idaho, plant of Kerr-McGee Corp. contin- 
ued to recover vanadium from byproduct 
ferrophosphorus obtained when elemental 
phosphorus is made from Idaho phosphate 
rock. The feed at some other mills also in- 
cluded ferrophosphorus. 


Table 2.—Recoverable vanadium of domestic origin produced in the United States, 
by States 


(Short tons of contained vanadium) 


State 1966 1967 1968 1969 1970 

ee e,, ß a e IU EC 8,697 8,817 3,492 W W 
J%%ͤ A eee ee wee 858 471 563 W 257 
Other States j 1, 116 1,175 2,428 W W 
o P 5, 166 4,963 6,488 5,577 5,819 


W Withheld to avoid disclosing of individual company confidential data; included in tota 
1 Includes Arizona 1966-69, Arkansas 1968-70, Idaho 1966-70, New Mexico 1966-70, aee Dakota 1966-67, 


and 1970, Wyoming 1966-67. 


Table 3.—Mine production and recoverable 
vanadium of domestic origin produced in 
the United States 


(Short tons) 

Year Mine pro- — Recoverable 

duction ! vanadium ? 
1966_--------------- 5,685 5,166 
EE 5,088 4,963 
1968... 22.2.0229 7,105 6,483 
1969... zs eee 5,797 5,577 
19710. 22.522202 6,798 5,819 


1 Measured by receipts of uranium and vanadium 
ores and concentrates at mills, vanadium content. 

? Recoverable vanadium contained i in uranium and 
vanadium ores and concentrates received at mills, plus 
vanadium recovered from ferrophosphorus derived 
from domestic phosphate rock. 


Table 4.—Production of vanadium 
pentoxide in the United States 1 


(Short tons) 
Year Gross V:205 

weight content 
6% ö AA 11, 955 11, 595 
1 ( su 10, 915 10, 569 
1968 222 12,105 10,976 
1969 RA 88 12,120 10,542 
Ir 11,035 9,986 


1 Includes vanadium pentoxide and metavanadate 
produced directly from all domestic sources, plus 
small byproduct quantities from imported chromium 
ores. 


CONSUMPTION AND USES 


Domestic consumption of vanadium con- 
tained in ferrovanadium and other forms 
declined in 1970. The decline occurred in 
all end-use categories except stainless and 
heat-resisting steels. 

One producer removed vanadium-alumi- 
num master alloys containing 40 percent 


vanadium and 85 percent vanadium from 
general sale. A new grade of ferrovana- 
dium containing 55 to 60 percent vana- 
dium made its debut. Foote Mineral Co.’s 
expansion of its Cambridge, Ohio, ferroal- 
loy plant was delayed by almost half a 
year by a construction workers’ strike. 
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Table 5.—Consumption and consumer stocks of vanadium materials in the United States 
(Short tons of contained vanadium) 


1969 1970 
Type of material : e 
Consumption Ending Consumption Ending 
stocks stocks 
Ferrovanadium 1............................. 5,193 1,272 4,825 903 
déco a a o lu 88 11 20 188 19 
Ammonium metavanadate. ...................- 110 11 44 11 
GOM OUR HEN 789 208 627 91 
TOUR AA A mw... eet eee eee 36,154 31,507 5,184 1,024 


` 1 Includes other vanadium-iron-carbon alloys 


2 Consists principally of vanadium-aluminum alloys, plus relatively small quantities of other vanadium 


alloys and vanadium metal. 


ata may not add to totals shown because of independent rounding. 


Table 6.—Consumption of vanadium in the United States, by end uses 
(Short tons of contained vanadium) 


End use 
Steel: 


Carbon AUR ³ði RED 


vuperällovg. ll... 


Alloys (excluding alloy steels and superalloys): 


Cutting and wear-resistant materials............ 
Welding and alloy hard-facing rods and materials 
Nonferrous alloy 
Other alloys1____ siscoconn calce 


Chemical and ceramic uses: 


W Withheld to avoid disclosing individual company confidential data, included in “Miscellaneous and 


uns ecified.” 
ncludes magnetic alloys. 
: Includes pigments. 


PRICES 


Prices quoted by Metals Week for export 
of merchant, technical-grade vanadium 
pentoxide continued the rise begun in 
1969 until June, after which month they 
leveled and then declined moderately. The 
price quoted at the beginning of the year 
was $1.75 per pound of contained V2Os, 
free alongside ship (f. a.s.) U.S. shipping 
port. The quote rose to $2 on January 26 
and ranged between $2 to $2.20 from Feb- 
ruary 2 to March 16. Prices continued to 
rise and from March 23 to April 27 ranged 
between $2.40 to $2.50, continued at $2.50 
through June 15, and topped off for the 
year in the $2.50 to $2.60 range from June 
22 to September 28. From October 5 to 
November 30 prices held in the $2.10 to 
$2.30 range, and ended the year at $2. 

The domestic producer prices for 98 per- 
cent fused vanadium pentoxide and techni- 


cal-grade air-dried vanadium pentoxide 
also rose. They ended 1969 at $1.51 per 
pound of contained V205 for fused and 
$1.54 per pound of contained V205 for air 
dried. From January 1 to June 30, the 
prices were $1.64 for fused and $1.66 for 
air dried, f.o.b. plant. From July | to De- 
cember 30, the prices were $1.94 for fused 
and $2.02 for air dried, f.o.b. plant. 

GSA sold its vanadium pentoxide at a 
shelf price of $1.55 per pound of contained 
V205, in its February and March sales. In 
its April, May, and June sales, the vana- 
dium pentoxide went for $1.64. After rais- 
ing the price to $1.94 in July, GSA made 
no additional sales. 

The domestic price for standard ferro- 
vanadium began the year at $3.12 per 
pound of contained vanadium, f.o.b. plant, 
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rose to $3.47 on January 2, and reached 
the yearend level of $4.12 on July 1. The 
prices for Carvan and Solvan began the 
year at $2.96 and rose to their yearend lev- 
els of $3.48 fo.b. plant on July 1. The 
quote for ferrovanadium exported by deal- 


MINERALS YEARBOOK, 1970 


ers began the year at $4, reached $4.40 in 
early February, hit the $4.75 to $5 range 
from late February to mid-June, peaked at 
$4.90 to $5.25 from mid-June to early Oc- 
tober, and settled back to end the year at 
$4.50. 


FOREIGN TRADE 


Exports of both ferrovanadium and va- 
nadium ores, concentrates, and oxides were 
much higher in 1970 than in 1969, al- 
though the last 2 months of 1970 saw a 
decline in the exports of both categories. 
The average declared value for exports of 
ore, concentrates, and technical-grade ox- 
ides was $1.67 per pound of contained va- 
nadium pentoxide in 1970. This compares 
with $1.41 for 1969 and $1.19 in 1968. The 


average declared value for exports of ferro- 
vanadium was $2.81 per pound of alloy, 
compared with $2.20 in 1969 and $1.90 in 
1968. 

No imports classified as ores and concen- 
trates arrived in 1970. Imports of vanadi- 
ferous slag, classified as metal-bearing resi- 
dues, came from Chile, the Republic of 
South Africa, and the U.S.S.R. 


Table 7.—U.S. exports of vanadium, by countries 


(Thousand pounds and thousand dollars) 


Ferrovanadium and other 
vanadium alloying materials 
containing over 6 percent 


Vanadium ores, concentrates, 
pentoxide, vanadic acid, 
vanadium oxides, and vana- 
dates (except chemically 


Destination vanadium (gross weight) pure grade) (vanadium 
content) 
1969 1970 1969 1970 

Quantity Value Quantity Value Quantity Value Quantity Value 
Argentina eg ue 44 $139 are ets 5 $12 

Australia E M 20 70 "e BR (1) (1) 
Austria Da TM "es t Ge NO 91 298 
Belgium-Luxembourg. .... me D 132 858 1 $1 14 41 
Brazil. encara att e $3 28 85 4 10 pie SES 
Canada................- 245 521 912 2,161 35 81 22 62 
Gale — e T Ke 1 1 1 3 
Colombia — s (1) (1) (1) cds ae 
Czechoslovakia m UN aay = ON at 123 328 
( 79 214 125 372 28 109 172 456 

Germany 
ASC sen a SS 275 812 See S a 

Wegt_ ul ees 373 769 402 1,269 172 447 662 2,130 
Hong Kong g (1) 1 — nom 8 dc SE — 
Hungary...............- zs iie 32 51 HANE EN dz sd 
India NE NS 156 418 AM as 15 48 
ER T suz SE Ss RE SCH 35 64 
IC ls de a det m 220 19 37 45 151 
Japan... ceca 8 107 200 1,102 3,044 107 248 307 828 
EIA mE em TC "5 2 4 aoe PM 
Mexico 110 205 254 726 7 20 8 31 
Netherlands 94 228 335 1,036 106 221 165 430 
New Zealand ADN a nn ir "E BE 1 2 
Poland __. CS p IN eae -— ee 2 6 
South Africa, Republic of ne SE? =: Ee SE dë (1) 1 
JN A 37 85 108 363 aj ent ës MR 
Sweden 173 495 220 789 23 95 187 663 
Trinidad and Tobago..... Sere os wa adas 1 3 La ua 
United Kingdom Lt UR 71 191 10 23 87 248 
Venezuela. .............- 69 113 PON EN "EN UM OR n 
Yugoslavia... ..........- NS rete 21 71 . TAN Ee: Be 
Zambig _ EH io PER Lf. Mes 3 4 6 
Total. la 1,288 2,834 4,309 12,127 516 1,300 1,946 5,808 


1 Less than 1⁄ unit. 
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Table 8.—U.S imports of ferrovanadium, by countries 
(Thousand pounds and thousand dollars) 


General imports 


Imports for consumption 


Country 1969 1970 1969 1970 
Gross Value Gross Value Gross Value Gross Value 
weight weight weight weight 

Australia 31 $53 = 8 31 $58 NS ames 
Austria 262 384 i: IE 255 373 Sas Ee 
Belgium-Luxembourg. ...- 159 SCH S E 153 258 ane SM 
/ 8 Ge Gs "d m En SES 
Germany, West 128 223 31 $36 111 189 47 $114 
Jr m O 42 5 ze ate r 42 51 oie t 
Sweden 94 167 11 29 94 167 TUNE "S 
United Kingdom 155 83 A cg 77 p Se 
Total... s 897 1,872 42 115 768 1,185 47 114 


WORLD REVIEW 


In addition to the countries listed in 
table 9, the U.S.S.R. and Chile produced 
vanadiferous slag from iron ores, and some 
other countries had relatively small vana- 
dium production from secondary sources, 
wastes, or as a byproduct recovered along 
with other metals. In Canada, an oil refin- 
ery of Petrofina Canada, Ltd., has a by- 
product plant with a capacity of about 100 
short tons of contained vanadium per year 
which recovers vanadium pentoxide from 
fly ash produced by burning petroleum 
coke. The Japanese recover byproduct va- 
nadium from several different sources. West 
Germany probably recovered vanadium 
from South-West African lead vanadate 
concentrates (credited to South-West Af- 
rica in table 9), from vanadiferous slags, 
and possibly from other sources. 

The great international demand for va- 
nadium reached its height around mid-1970 


and then slacked off. Prices and U.S. ex- 
ports acted similarly. 

Australia.—An  Australian-French-Ameri- 
can group is considering development of a 
vanadiferous oil shale deposit at Julia 
Creek, Queensland, on the Townsville- 
Mount Isa Railway. The attractions of the 
deposit include nearness to transportation, 
proximity to the surface (450 feet), and 
the availability of low-cost power from 
burning the spent shale. Technical reasons 
dictate that the deposit must come on 
stream at a rate of about 5,600 tons of 
contained vanadium per year. Accordingly, 
a study of the prospective market in Eu- 
rope is underway. 

South Africa, Republic of.—Highveld 
Steel and Vanadium Corp., Ltd., produced 
about 27,500 tons of vanadium-bearing slag 


2 Metal Bulletin (London). No. 5512, July 3, 


1970, p. 19. 


Table 9.—Vanadium: World production from ores and concentrates, by countries 1 
(Short tons) 


Country 1968 1969 1970 p 
FFII; ͥ ³ ³Ü¹ůͥdſͥdſyſddddd 1.321 1,484 1,450 
France A EN 100 100 100 
J ³qſ ee aU ete eli eee Gee 88 940 1,010 1,080 

South Africa, Republic of: | 
Content of pentoxide and vanadate products r 2,257 r 2,859 2,665 
Content of vanadiferous slag product ae. r 1,600 r 3,300 5,484 
S/ ³⁵ V MN r 3,857 r 6,159 8,099 
South-West Africa, Territory of (in lead-vanadate concentrate) 2 630 500 400 
United States (recoverable nnen 6,483 5,577 5,319 
M elsa 13,331 14,830 16,448 

e Estimate. p Preliminary. r Revised. 


! The U.S.S.R. and Chile are known to produce vanadium in slags from iron ores, but data are insufficient 


for estimation. 
2 Vanadium in vanadium pentoxide product. 
3 Byproduct from bauxite. 
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for export in the fiscal year which ended 
June 30, 1970. They continued to make 
progress towards reaching capacity, al- 
though not as much progress as antici- 
pated; the iron plant producing the slag 
had reached about 90 percent of capacity 
by the end of the fiscal year. A fifth pre- 
reduction kiln which is coming into pro- 
duction early in 1972 will increase plant 
capacity. 

The company's Vantra Division received 
a third small kiln, which will enable it to 
keep production at the present level when 
an anticipated drop in ore grade occurs. 
An additional large kiln has been ordered 
which will increase plant output by 40 
percent. The large kiln will be commis- 
sioned around mid-1971, as will a new 


MINERALS YEARBOOK, 1970 


mine in the Rustenburg district which will 
supply the needed additional ore. 

South-West Africa.—Ore bodies: in the 
deeper section of the Berg Aukas mine, 
now made accessible by a new shaft, came 
into production and markedly improved 
the output of lead vanadate. 

U.S.S.R.—A pellet plant inaugurated at 
the Kachkanar iron mine in the Urals is 
expected to greatly increase blast furnace 
efficiency and hence increase the output of 
vanadiferous slag. The ore is a low-grade 
titanomagnetite, having an iron content of 
approximately 17 percent but a high vana- 
dium content. A beneficiation plant uses 
magnetic separation to give a 63-percent 
concentrate. Formerly this fine concentrate 
went directly into the blast furnace. 


TECHNOLOGY 


The Bureau of Mines continued its re- 
search on vanadium-base alloys by study- 
ing the properties of molybdenum-titanium 
additions. The alloy with the highest 
strength contained 20 percent molybde- 
num, 10 percent titanium, 0.1 percent car- 
bon, 0.5 percent silicon, and 0.5 percent 
yttrium. It maintained high strength up to 
1,2200*C. This alloy had a 10,000-meter 
strength / density at 800°C, which was ap- 
preciably greater than that of a variety of 
commercial high-temperature alloys such as 
Udimet-M 252, Mar-M 302, Inconel X-750, 
and AISI 670.3 

The Bureau also studied the phase rela- 
tions of the vanadium-oxygen system in 
the vanadium-rich region below 1,200°C to 
determine the solubility of oxygen in vana- 
dium and the interrelationship of the 
three phases existing in this region.“ 

Oxygen impurities in sodium strongly af- 
fect the mechanical and corrosion proper- 
ties of vanadium alloys which otherwise 
might be usable as fuel cladding materials 
in sodium-cooled fast-breeder reactors. A 
mathematical internal oxidation model ex- 
plains the hardened zone which forms 
when vanadium-titanium and vanadium- 
aluminum alloys react with the oxygen im- 
purities. The oxygen reacts with the tita- 
nium and aluminum to give the TiO»? or 
Al203 precipitate which forms the hard- 
ened zone.5 In addition to the mathemati- 
cal model, some experimental research was 
conducted on this problem. Corrosion tests 
on vanadium-base alloys in four forced- 


convection sodium loops indicate that 
vanadium-base alloys are sensitive to the 
activity of oxygen, carbon, and/or nitrogen 
in sodium. Alloys containing over 10 per- 
cent titanium are not stable in the sodium 
reactor coolant. The most stable alloy 
tested was V-5Ti-15Cr.8 

The discovery of new ways of making 
vanadium-base alloys and the investigation 
of additional vanadium alloy systems may 
also lead to the use of vanadium in fast- 
breeder reactors. Aluminothermic reduction 
of vanadium pentoxide followed by elec- 
tron beam melting without an intermedi- 
ate vacuum sintering step can yield 
high-purity vanadium. Purity was over 99.9 
percent. A high-purity vanadium ingot 
yields the V-15Cr-5Ti alloy via arc melt- 
ing. The low cost of using the processes 
should attract the metals industry.7 A 


3 Keith, G. H., and J. S. Winston. Develop- 
ment of High-Temperature Vanadium-Base Alloy. 
BuMines Rept. of Inv. 7393, 1970, 13 pp. 

* Henry, J. L., S. A. O'Hare, R. A. McCune, 
and M. P. Krug. The Vanadium-Oxygen System: 
Phase Relations in the Vanadium-Rich Region 
Below 1,200°C. J. Less-Common Metals, v. 21, 
No. 2, June 1970, pp. 115-135. 

3 Klueh, R. L., and J. H. Devan. Effect of Ox- 
ygen in Sodium on Vanadium and Vanadium AL 


loys. J. Less-Common Metals, v. 22, No. 4, De- 
cember 1970, pp. 380-398. 
6 Litton, F. B., J. H. Bender, and L. A. 


Geoffrion. Evaluation of Vanadium and Vana- 
dium-Base Alloys in Hot-Trapped Sodium. Metal- 
lurgical Trans., v. 1, No. 2, February 1970, pp. 
441-445. 

' Wang, C. T., E. F. Baroch, S. A. Worcester, 
and Y. S. Shen. Preparation and Properties of 
High-Purity Vanadium and V-15Cr-5Ti. Metal- 
lurgical Trans., v. 1, No. 6, June 1970, pp. 
1683-1689. 


VANADIUM 


phase diagram developed for the vana- 
dium-rich portion (0 to 37 percent nickel) 
of the vanadium-nickel system shows that 
adding nickel can lower the melting point 
of vanadium from 1,9009 to 1,2809C. The 
solid solubility of nickel in vanadium in- 
creases from 6.8 atomic percent nickel at 
800°C to 24.0 atomic percent nickel at 
1,280°C.8 

New processes devised to separate vana- 
dium from such materials as iron ore pel- 
lets, granite, crude titanium tetrachloride, 
and ore leach solutions could increase the 
U.S. supply of vanadium. One process in- 
volves mixing the iron ore with 2 to 5 
percent sodium carbonate, pelletizing the 
mixture, heating it to sinter the pellets 
and form sodium vanadate, and leaching 
the roasted material with water to dissolve 
the vanadate9 Extracting vanadium and 
other metals from granite by chelating the 
ground rock with a solution of oxalic acid 
and citric acid and decanting the metal- 
containing solution gives a liquid suited to 
treatment by conventional methods.10 Van- 
adium is recoverable from crude titanium 
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tetrachloride by precipitating vanadium 
compounds with hydrogen sulfide, drying 
the precipitate, and oxidizing the precipi- 
tate to remove vanadium oxychloride.11 
Another proposed process removes vana- 
dium and other metals from acidic ore so- 
lutions (no higher than a pH of 3.5) by 
adding iron powder and maintaining the 
solution at 115°-150°C until most of the 
metals precipitate as oxides or 
hydroxides.12 


8 Stevens, E. R., and O. N. Carlson. V-Ni Sys- 
tem. Metallurgical Trans., v. 1, No. 5, May 1970, 
pp. 1267-1271. 

9 Michal, E. J. (assigned to National Lead 
Co.). Process for Removing Vanadium From Iron 
Ores. U.S. Pat. 3,486,842, Dec. 30, 1969. 

10 Goni, J. C. (assigned to Bureau de Re- 
cherches Geologiques et Minieres). Processes for 
Extracting Metals From Rocks or Ores. U.S. Pat. . 
3,511,645 Mar. 11, 1970. 

11 Ferrero, F., G. Sironi, and A. Garberi (as- 
signed to Montecatini Edison S.p.A.). Recovery 
of 0 British Pat. 1,200,577, July 29, 
1 ; 


12 Fitzhugh, Jr., E. F. and D. C. Seidel (as- 
signed to Republic Steel Corp.). Recovery of Mo- 
lybdenum, Vanadium and Uranium From Solu- 
tions of Corresponding Salts. U.S. Pat. 3,510,278, 
May 5, 1970. 
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Vermiculite 


By Frank B. Fulkerson ' 


In 1970 production of crude vermiculite 
in the United States decreased 8 percent in 
quantity and 4 percent in value. Quantity 
and value of exfoliated vermiculite sold or 
used declined 12 percent and 6 percent, re- 


spectively. The average unit value of crude 
vermiculite increased 4 percent to $22.78 
per ton, and the average unit value of ex- 
foliated vermiculite rose 7 percent to 
$85.11 per ton. 


DOMESTIC PRODUCTION 


Crude Vermiculite.—Output decreased 8 
percent from that of 1969 to 285,000 tons 
and a value of $6.5 million. Only three 
mines produced crude vermiculite in 1970 
compared with eight in 1969. W. R. Grace 
& Co., Zonolite Division, supplied the prin- 
cipal production from its mines in Lincoln 
County, Mont., and Laurens County, S.C 
The Patterson Vermiculite Co. mine in 
Laurens County, S.C., also was active. W. 
R. Grace & Co. announced plans to in- 
crease capacity principally in the smaller 


particle sizes, at its Libby, Mont., proces- 
sing plant. 

Exfoliated Vermiculite.—T wenty-five 
companies in 31 States produced 221,000 
tons of exfoliated vermiculite. The follow- 
ing six States, listed in order of output 
supplied 43 percent of the exfoliated ver- 
miculite production: California, Florida, 
Texas, New Jersey, South Carolina, and Il- 
linois. W. R. Grace & Co., Zonolite Divi- 
sion, the largest producer, operated 23 
plants in 20 states. 


Table 1.—Salient vermiculite statistics 


1966 1967 1968 1969 1970 
United States: 
Sold and used by producers: 
Crud@ A thousand short tons. _ 262 255 290 310 285 
Valle nostra dales thousand dollars... $4,955 $4,974 $5,684 $6,805 $6,501 
Average value per ton $18.91 $19.51 $19.60 $21.95 $22.78 
Exfoliated... ........... thousand short tons 198 180 213 250 221 
Alg loss thousand dollars.. $15,180 $14,278 $16,845 $19,916 $18,809 
Average value per toon $78.39 $79.82 $79.08 79.66 $85.11 
World: Production, crude_______-- thousand short tons 382 371 421 466 432 


CONSUMPTIÓN AND USES 


The end-uses for exfoliated vermiculite 
in 1970 were as follows: aggregates (con- 
crete, plaster, cement) and insulation 
(largely as loose fill), each 40 percent; ag- 


riculture (horticulture, soil conditioning, 
fertilizer carrier, litter), 14 percent; and 
miscellaneous uses, 6 percent. 


PRICES 


The Engineering and Mining Journal 
quoted nominal yearend prices for crude 
vermiculite, beneficiated at the mine, as fol- 
lows: Per short ton, f.o.b. mines, Montana 
and South Carolina, $18 to $35; and South 
Africa, c.i.f. Atlantic ports, $29.55 to 
$40.15. The average mine value of all do- 
mestic crude vermiculite sold or used was 


$22.78 per ton, compared with $21.95 per 
ton in 1969. The average unit value of all 
exfoliated vermiculite, f.o.b. processing 
plants, was $85.11 per ton, compared with 
$79.66 per ton in 1969. 


1 Industry economist, 


Division of Nonmetallic 
Minerals. | 
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FOREIGN TRADE 


Crude vermiculite was imported duty- 
free into the United States. The Republic 


of South Africa continued to be the only 
important source of vermiculite imports. 


WORLD REVIEW 


A review of vermiculite uses and world 
markets was published.? 

Canada.—Six companies exfoliated ver- 
miculite at 10 locations in 1969. The 
plants were located in Vancouver, British 
Columbia (two plants); Calgary and Ed- 
monton, Alberta; Regina, Saskatchewan; 
Winnipeg and St. Boniface, Manitoba; St. 
Thomas, Ontario; and Lachine and Mon- 
treal, Quebec. The following end-use per- 
centages were reported by exfoliated ver- 
miculite producers in 1969: Loose fill 
insulation, 71 percent; plaster aggregate, 11 
percent; insulating concrete, 7 percent; and 
miscellaneous uses, 11 percent. All crude 
vermiculite exfoliated in Canada was im- 
ported from the United States and the 
Republic of South Africa.3 

India.—The problem of separating ver- 
miculite from biotite was studied by the 
Ore Dressing Section, Metallurgy Division, 
Bhabha Atomic Research Centre, Trombay, 
Bombay. Vermiculite ore from Kasipa- 
tanam mines, Andhra Pradesh, was used in 
the tests. A method of preferential grinding 
and separation of vermiculite was devel- 
oped. The separated mineral was further 
enriched by two processes: magnetic sepa- 
ration and exfoliation. The tests showed 
that for export purposes, vermiculite could 
be separated from biotite by magnetic sep- 
aration and for local consumption it could 
be exfoliated, which would give better 
grade and recovery.“ 


South Africa, Republic of.—Vermiculite 
production decreased 5 percent compared 
with 1969. The only major supplier of ver- 
miculite outside North America, Palabora 
Mining Co., decided to expand and modify 
its existing plant instead of building an 
entirely new mill. Production was to be in- 
creased from 140,000 tons to 175,000 tons 
per year while at the same time permit- 
ting processing of lower grade ores. About 
l year would be required to complete the 
modifications, but no disruption of produc- 
tion was expected. The company uses a 
dry milling process. It was originally 
planned to adopt wet processing, which 
would increase recovery of vermiculite 
from serpentinite and pyroxenite ores, but 
costs proved to be too high.5 

Uganda.—The Minister of Mineral and 
Water Resources reported that vermiculite 
deposits in the Namekara and Bukusu 
areas were tested and found to be high 
grade.6 


* Industrial Minerals. Vermiculite: A Market in 
Transition. No. 38, November 1970, pp. 9-16. 

3 Wilson, H. S. Lightweight Aggregates, 1969. 
Dept. of Energy, Mines, and Resources, Ottawa, 
June 1970, 4 pp. 

1 Ganzu, G. L., and K. 
on the Beneficiation of Vermiculite. 
Mines, Metals & Fuels. V. 18, No. 


1970, pp. 299-300. 
Palabora to Modity Ver- 


K. Majumdar. Studies 
Indian J. 
8, August 


5 Industrial Minerals. 
miculite Plant. No. 35, August 1970, p 

6 Mining Magazine. Minerals in Uganda. V. 
123, No. 4. October 1970, p. 341. 


Table 2.— Vermiculite: Free world production by countries 


(Short tons) 
Country 1968 1969 1970 v 
JJC ⁰˙à“ii]!nnXnnnm ] ꝛ m ð y r 4,766 5,023 » 5,100 
Braille r 8 2,724 » 4, 240 » 4,240 
Ka 11 a CR ARA S az IR A 2,588 4,388 801 
EE EE 308 855 1,839 
South Africa, Republic OL: a a Gece wees 121,458 142,184 134,367 
e A A EE 6 165 
United States (sold or used by producer ))) 289,504 309,467 285,331 
LOA A ls 8 r 421,376 466,293 431,843 
e Estimate. p Preliminary. r Revised. 
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Table 3.—Republic of South Africa: Exports of vermiculite by countries 


(Short tons) 
Country 1968 1969 1970 
AU EE e eet 3,988 3,666 
Belgium... ß y A A AS 851 1,449 
Canada. Doo a add ile eM LLL 3,850 4,892 
FFF: D ne la u AL ) 977 
France ENEE EEN 9,899 9,381 
Germany, Mengt: canoso seca 8 13,058 14,947 
y ß A A E este 20,164 27,021 
J///õõĩ⁰¹ ͤddddſddſdͥſſͥ ⁵ĩͤ— ai Qa uyu s 4,647 7,343 NA 
Netherlands %%% pH SNP FOURIER ORE EVE MORES 1,283 1,348 
¡E EE 3,902 4,096 
JJ§öÜO—%%é%é . y y . yt 1,584 2,521 
Switzerland BEE 1) 716 
United Kingdoms) ðͤ ß ⁰ydt 27,745 27,335 
United States... ³⁰˙Ü1.wwrr ⁰ EU e 10,576 6,497 
Undisclo8ed o a ass 4,505 3,395 
Ot) A A A 106,052 115,584 127,612 
. $2,119,344 $2,409,697 $3,150,288 
Average value per ton LLL cL LLL LLL LLL LL Lll lL 2-2. $19.98 $20.85 $24.69 


NA Not available. 


1 Not reported individually; may be included with undisclosed. 
2 Converted to U.S. currency at the rate of 1 rand equals US$1.40. 


TECHNOLOGY 


In a method for flameproofing paper or 
fabrics, finely divided vermiculite ore was 
soaked in a sodium chloride brine, washed 
with water, steeped in a lithium chloride 
brine, again washed, and water-exfoliated. 
The resulting sludge was applied to the 
paper or fabric, and the coated paper or 
fabric dried.7 

An improved, direct-fired, sloping furnace 
was devised for expanding sized vermicu- 
lite ore or perlite and tank-annealing the 
expanded material.8 

The surface hardness of fresh concrete 
was improved by covering it with a blan- 
keting layer of minus 8-, plus 40-mesh ex- 
foliated vermiculite. The layer was up to 6 
inches in thickness.? 


A  thermalinsulated, ` water-repellent 


board was prepared from a mixture con- 
sisting of asphalt-coated, exfoliated vermic- 
ulite, asphalt, and a cellulosic fiber.10 


7 Land, E. W., and C. W. Orgell (assigned to 
W. R. Grace k Co.). Process for Flameproofing 
oe Materials. U.S. Pat. 3,540,892, Nov. 


8 Johnson, C. W. Apparatus for the Heat 


Treatment of Comminuted Material. U.S. Pat. 
3,522,610, Oct. 13, 1970. 

9» Jackson, W. R. (assigned to W. R. Grace & 
Co.). Case Hardening of Concrete With Fine 
Vermiculite. U.S. Pat. 3,499,070, Mar. 3, 1970. 

10Kawam, A., and M. V. Ernest (assigned to 
W. R. Grace & Co.). Method of Forming Wa- 
ter-Laid Vermiculite Roof Insulating Board. U.S. 
Pat. 3,533,907, Oct. 13, 1970. 
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Table 4.—Vermiculite exfoliating plants in the United States in 1970 


Company State County 
Arizonolite o Arizona Maricopa. 
California Zonolite (ooo California Alumeda, Los Angeles. 
Carolina Wholesale Florist Co North Carolina..... Lee. 
Cleveland Gypsum Co., Division of Cleve- Ohio.............. Cuyahoga. 
land Builders Supply Co. 
Coralux Perlite Corp. of New Jersey New Jersey Middlesex. 
Filter Media Co., Ine Louisiana St. John the Baptist. 
Hyzer & Lewellen. 3%%CCCͥͤ0¾ů. b 8 Pennsylvania Bucks. 
International Vermiculite Coo Illinois Macoupin. 
La Habra Products, Ine California Orange. 
MeArthüuP. C0... cuo tes 8 Minnesota Ramsey. 
Mica Pellets, Ine Illinois De Kalb. 
The B. F. Nelson Manufacturing Co- Minnesota Hennepin. 
Patterson Vermiculite Co South Carolina Laurens. 
Robinson Insulation Co .-.--------------- Montana Cascade. 
North Dakota Ward. 
Solomon’s Mines, Ine Arizona Maricopa. 
Southwest Vermiculite Co New Mexico. ...... Bernalillo. 
Supreme Perlite Co. ...................- Oregon Multnomah. 
Texas Vermiculite o Oklahoma Oklahoma. 
Texas Bexar, Dallas. 
Verlite Co. (Schmelzer Sales Assoc., Inc.) — Florida Hillsborough. 
Vermiculite of Hawaii, Ine Hawaii Honolulu. 
Vermiculite Industrial Corp New Jersey........ Essex. 
Vermiculite-Intermountaii nn Mang ²ĩðͤ nssz Salt Lake. 
Vermiculite-Northwest, Inc Oregon Multnomah. 
Washington Spokane 
Vermiculite Products, Ine Texas. 8 Harris. 
Zonolite Division, W. R. Grace & Co Arkansas Pulaski. 
Colorado. ......... Denver 
Florida. Dade, Duval, Hillsborough, Palm Beach 
Georgia Fulton. 
Illinois Cook. 
Kentuckk ee Campbell. 
Louisiana Orleans. 
Maryland Prince Georges. 
Massachusetts. Hampshire. 
Michigan Wayne. 
Minnesota Hennepin. 
Missouri St. Louis 
Nebraska Douglas 
New Jersey Mercer 
New Vork Cayuga. 
North Carolina Guilford. 
Pennsylvania Lawrence. 
South Carolina Greenville. 
Tennessee Davidson. 


Wisconsin Milwaukee. 


Zinc 


By Albert D. McMahon : 


Most all segments of the domestic zinc 
industry suffered setbacks in 1970 after the 
strong growth of the preceding 2 years. All 
elements of zinc supply and consumption 
declined following the general downward 
trend in industria] activity. The lower de- 
mand and increasing inventories at pri- 
mary producers' plants resulted in produc- 
tion curtailments of 10 to 15 percent at 
most smelters and refineries early in the 
year; additional cutbacks were made later 
to control another buildup of smelter 
stocks. Demand for zinc declined progres- 
sively and was substantially reduced in the 
last 2 months of 1970 because of the Gen- 
eral Motors Corp. strike. Imports of zinc in 
ore and concentrates and imports of slab 
zinc were much lower than those of 1969. 
The price of zinc resisted the pressure for 
a reduction through most of the weaken- 
ing market situation but was lowered 0.5 


cent, to 15 cents per pound on August 24, 
1970; this quotation continued through the 
end of the year. 

In 1970, U.S. mines produced 534,000 
tons, approximately 3.5 percent less than 
in 1969. Smelter production of slab zinc 
dropped 14 percent, and imports of zinc in 
ore and metal declined 13 percent and 17 
percent, respectively. Consumption was 
down 14 percent as producers' stocks rose 
almost 50 percent and consumers' invento- 
ries fell 12 percent. 

The free world zinc mine production in- 
creased 3 percent; smelter output was 
down approximately 2 percent. Consump- 
tion fell in most countries except Japan, 
where the smallest increase in years was 
reported. 


1Physical scientist, Division of Nonferrous Met- 
als. 


Table 1.—Salient zinc statistics 


1966 1967 1968 1969 1970 
United States: 
Production: 
Domestic ores, recoverable content 
short tons.. 572, 558 549 , 413 529 , 446 553,124 534,136 
Value thousands. $166,044 $151,562 $142,950 $161,512 $168,650 
Slab zine: 
From domestic ores..short tons. 523,580 438,553 499,491 458,754 403 ,953 
From foreign ores __ do.... 501,486 500,277 521,400 581,848 478 , 858 
From sera do 83,268 13,505 79, 865 70,553 11,156 
Total... aia do.... 1,108,329 1,012,335 1,100,756 1,111,150 954,967 
Secondary zine 111... do... 277,967 247,254 , 092 307,714 264,074 
Exports of slab zinc. ............- do.... 1,406 16,809 33,011 9,298 288 
Imports (general): 
Ores (zinc content)...........- do- 521,820 584 , 092 548 , 366 602 ,120 525 , 759 
Slab zine_______ do... 278,175 222,112 304,576 824,776 270,413 
Stocks, December 31: | 
At producer plants do 64, 798 81,916 65,379 65,788 98,314 
At consumer plants do.... 129,593 102,535 101,818 102,007 89,551 
Consumption: 
Slab ane ` do.... 1,423,666 1,250,673 1,350,656 1,385,880 1,186,951 
All classes__________ ------- do.... 1,820,012 1,605,862 1,745,857 1,814,167 1,571,596 
Price, prime western, East St. Louis 
cents per pound.. 14.50 13.85 13.50 14.65 15.32 
World: 
Production: 
Mine ba short tons. 4, 942,013 5,330,400 5,483,540 5,891,661 6,060,604 
o Smelter AAA AAA do. 4,498,252 4,547,754 5,100,953 5,472,473 5,407,129 
Price: Prime western grade, London 
| cents per pound 12.75 12.37 11.89 12.96 18.42 


1 Excludes redistilled slab zinc. 
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Figure 1.— Trends in the zinc industry in the United States. 


Legislation and Government Programs. 
—General Services Administration sales of 
zinc continued during the year on an off- 
the-shelf basis. Sales through the end of 
December for commercial consumption 
amounted to only 25 tons, and 22,583 tons 
remain in the existing disposal authoriza- 
tion. No zinc was sold to the Agency for 
International Development in 1970. Sales 
to other government agencies amounted to 
20,049 tons, and 22,187 tons remain of the 
50,000 tons authorized in 1965 for govern- 
ment use. The stockpile inventory at the 
end of 1970 was 1,141,490 tons of zinc, in- 
cluding government commitments not de- 
livered. 

The International Lead and Zinc Study 
Group held its 14th session in Geneva on 
November 16-20 to review past events and 
to determine outlook for these metals. 
Representatives from 27 of the 30 member 


v. tries attended. The Study Group in- 
vestigating zinc consumption in 1970 con- 
cluded that efforts to curb inflation in the 
United States and other countries brought 


varying degrees of industrial stagnation. 


Because of the general economic situation 
during 1970, zinc production forecasts 
made for certain countries by the Group 
had not been fulfilled, and, even with the 


. curtailment of mine and smelter output, 


producers' inventories rose to unexpected 
higher levels. For 1971, the Study Group 
predicted that a modest upturn in the 
level of economic activity would support a 
near balance in estimated world produc- 
tion and consumption. Zinc uses in galva- 
nizing and zinc-base alloys were forecast to 
rise with industrial activity. Many delega- 
tions urged repeal of tariff and other trade 
barriers on lead and zinc and that no re- 


ZINC 


Strictive initiatives be adopted by member 
governments. Reference was made to the 
General Agreement on Tariff and Trade 
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(GATT) as the appropriate forum for ne- 
gotiations of tariff and nontariff barriers 
on trade. 


DOMESTIC PRODUCTION 


MINE PRODUCTION 


Mine production of recoverable zinc in 
the United States was 534,136 tons in 1970, 
a decline of 3.5 percent from that of the 
previous year. Decreases were recorded for 
13 States and increases, for nine. Tennes- 
see, producing about 6,000 tons, or 5 per- 
cent less than in 1969, continued to rank 
first with approximately twice the produc- 
tion of second-place New York. Colorado's 
production increased 3,000 tons to replace 
Idaho for third place, only 2,000 tons be- 
hind New York; Idaho dropped to fifth 
place. Missouri moved into fourth place 
with the largest growth of any State in 
1970; in 4 years zinc mine production from 
the new Missouri Lead Belt has grown 
from 4,000 to 50,700 tons. Large reductions 
in Idaho, New Mexico, and Montana with 
small declines in other States west of the 
Mississippi, allowed the eastern States to 
gain 1 percentage point, providing 57 per- 
cent of U.S. production. 

The sources of zinc production in 1970 
are shown in table 4 according to the 
principal metal or combination of metals 
extracted. The percentage distribution is as 
follows: 50 percent from zinc ores; 29 per- 
cent from lead-zinc ores; 10 percent from 
lead ores; 8 percent from copper-lead-zinc 
ores; and 3 percent from all other sources. 
The average zinc content of the 7.3 mil- 


lion tons of zinc ore mined in 1970 was. 


3.67 percent, compared with 8.9 million 
tons of ore averaging 3.93 percent in 1969. 

The 25 leading mines listed in table 5 
accounted for 78 percent of domestic re- 
coverable mine production. The five lead- 
ing mines produced 29 percent, and the 
first 10 contributed 46 percent. 

With 22 percent of the national total, 
Tennessee was the leading producing State 
in 1970, a position it has held since 1958. 
American Zinc Co. mined 2,838,000 tons of 
ore and produced 125,000 tons of zinc con- 
centrates in Tennessee. A production goal 
of 2,000 tons per day was attained at the 
Immel mine early in the year, and fore- 


casts for tonnage and grade have: since 
been exceeded. Improvements in haulage 
equipment at the New Market joint ven- 
ture and ventilation at the Coy mine were 
completed for expansion of mine capacity. 
American Zinc's east “Tennessee ore reserves 
were increased nearly 3 million tons in 
1970 by surface and underground drilling, 
which resulted in the addition of a year's 
supply of ore.2 The Flat Gap and Jeffer- 
son City mines of New Jersey Zinc Co., a 
subsidiary of Gulf & Western Industries, 
Inc, and the Zinc Mine Works of the 
United States Steel Corp. in the east Ten- 
nessee complex operated throughout the 
year. New Jersey Zinc continued explora- 
tion development in the new middle-Ten- 
nessee area, principally through a pilot 
shaft at Elmwood, which was completed in 
September 1970. The work continued to 
delineate the zinc mineralization more pre- 
cisely, which indicated the development of 
a low-cost mine operation.3 Production of 
zinc concentrates at Copperhill by Cities 
Service Co. increased by a small amount in 
1970. Work continued on a large construc- 
tion program, which is expected to in- 
crease current output of iron, zinc, copper, 
and sulfuric acid by approximately 40 per- 
cent when completed in 1972. Included is 
expansion and modernization of sulfuric 
acid producing facilities to one of the 
world’s largest oprations converting metal- 
lurgical gases to acid.4 

Mine production in New York, the sec- 
ond ranking State, was just 150 tons below 
that of 1969 and entirely from the Balmat 
and Edwards mines of the St. Joe Minerals 
Corp. (Corporate named changed from St. 
Joseph Lead Co. May 1970). The mines 
worked continuously on a 6-day per week 
basis throughout the year, and the labor- 
contract was renewed for a 3-year period. 
The new No. 4 shaft and large-production 
underground equipment were placed in 
service for enlarging mine capacity. Prog- 


2 American Zinc Co. Annual Report. 1970, p. 


2 Gulf & Western Industries, Inc. Annual Re- 
port. 1970, p. 20. 

* Cities Service Co. Annual Report. 1970, p. 
23. 
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ress continued with the construction of a 
new concentrator, which will have twice 
the capacity of the present mill at 4,300 
tons per day.5 


Production in New Jersey, Pennsylvania, 
and Virginia by New Jersey Zinc was ap- 
proximately 500 tons lower than that of 
1969. Large expenditures were made and 
planned for the Friedensville, mine.6 Mine 
output in Kentucky declined to 4,200 tons, 
a 16-percent drop below that of 1969. 


In Wisconsin American Zinc closed three 
small mines and Ivey Construction Co. 
closed its mine and mill. State production 
decreased 10 percent from that of 1969. 
Mine output in Illinois rose 22 percent to 
16,800 tons. 


Colorado moved up to third place in 
1970 with a 5.5 percent increase in produc- 
tion to 56,700 tons, a record high for the 
State. New Jersey Zinc’s Eagle mine pro- 
duced the largest tonnage of zinc. New- 
mont Mining Corp.’s Idarado mine was 
second, and the Sunnyside mine of Stand- 
ard Metals Corp. ranked third. Production 
of ore at the Idarado mine was down 13 
percent because of a shortage of skilled 
and semiskilled workers. Sublevel stoping 
in the wide mineralized areas was intro- 
duced late in the year using multidrill 
jumbos and rubber-tired loading and haul- 
ing equipment to improve productivity. 
Ore reserves were lowered by adjusting the 
ore grade and increasing the minimum 
mining width because of increasing costs of 


production. Resurrection Mining Co., 
owned by Newmont Mining and the Amer- 
ican Smelting and Refining Co., 
(ASARCO) continued to develop their 


joint venture at the Leadville Unit. The 
Black Cloud shaft was complete at 1,650 
feet in February 1970, and construction of 
the 700-ton-per-day concentrator was begun 
and scheduled for completion early in 
1971. Ore reserves remained at 2,401,000 
tons averaging 9.5 percent zinc, 5.13 per- 
cent lead, 2.64 ounces of silver, and 0.084 
ounce of gold per ton.? 


The recoverable zinc mined in Maine 
during 1970, entirely from the Penoboscot 
mine of the Callahan Mining Corp., was 
19-percent greater than in 1969. However, 
in 1970, the best production year, ore re- 
serves were reduced because of a lower 
copper price. Under the prevailing condi- 
tions the deposit will be exhausted in 
1972.8 
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Missouri became the fourth-ranking 
State in 1970 with a 23-percent increase in 
production over that of 1969. The Buick 
mine and mill operated by the Missouri 
Lead Operating Co. produced 32,000 tons 
of zinc concentrates of its first full year of 
operation.? The Ozark Lead Co.'s zinc pro- 
duction from the Ozark mine was some- 
what greater than that of 1969. Mining op- 
erations were reduced to a 5-day week 
during the fourth quarter.10 The Mag- 
mont mine at Bixby, Mo., operated by 
Cominco-American Inc. mined 859,000 tons 
of ore having a combined average lead-zinc 
grade of 11.9 percent.11 Mine output in 
Kansas dropped 38 percent from that of 
1969 principally because of the closing of 
Eagle-Picher Industries, Inc.’s  Swalley 
mine. Oklahoma production in 1970 was 3 
percent less than that of 1969. 


In Idaho production fell 27 percent to 
41,000 tons due to the closure of the Page 
mine in 1969 and the diversion of zinc in 
lead smelter slag. Production increased at 
Bunker Hill Co.'s (subsidiary of Gulf Re- 
sources & Chemical Corp.) own mines. A 
new mining method was introduced using 
small trackless equipment and inclined 
ramps instead of drifts, shafts, and raises. 
The new techniques have increased 
efficiencies and lowered mining costs in the 
areas where used.12 The Star-Morning unit 
operated by Bunker Hill and Hecla Min- 
ing Co. produced 215,500 tons of ore aver- 
aging 6.77 percent zinc, 5.24 percent lead, 
and 2.45 ounces of silver. Ore reserves were 
increased principally from development 
work on the 7,500-foot level. Mining the 
Star-Morning veins on the 7,300-foot level 
and sinking the shaft to the 7,500-foot 
level were started during the year.13 Mine 
output of zinc in Utah was only 214 tons 
less than in 1969. The United States Smelt- 
ing Refining and Mining Co. processes ore 
from the U.S. and Lark mine in Lark, 


5St. Joe Minerals Corp. Annual Report. 1970, 


p. 8. 
6 Gulf £ Western Industries, Inc. Annual Re- 
port. 1970, p. 20. 


™Newmont Mining Corp. Annual Report, 
1970, pp. 7-9. 

oe Mining Corp. Annual Report. 1970, 
p. 1 


9 American Metal Climax, Inc. (AMAX) An- 
nual Report. 1970, p. 7. 
10 Kennecott Copper 
1970, p. 13. 
11 Cominco Ltd. Annual Report. 1970, p. 2. 
12 Gulf Resources & Chemical Corp. Annual 
Report. 1970, p. 12. 
A 13 Hecla Mining Co. Annual Report. 1970, p. 
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Utah, at its flotation mill in Midvale, 
Utah. The concentrates produced are 
treated on toll by other companies, and 
the refined zinc is returned to the 
company.1* Production by the Tintic Divi- 
sion of Kennecott Copper Corp. increased 
almost 100 percent over that of 1969. All 
ore came from the Burgin mine; a small 
quantity of development ore was mined at 
the Trixie mine and an area between the 
Burgin and Ball Park mineralized areas. 
The ground water table at the Burgin was 
being gradually lowered after an increase 
in pumping capacity.15 

In 1970, the Mayflower mine, owned by 
New Park Mining Co. and operated by 
Hecla, produced 115,672 tons of ore, which 
assayed 2.85 percent zinc. Ore reserves were 
reduced from 257,000 to 240,000 tons. 
Downward projecting veins cut on the 
2,600 and 2,800 levels were disappointing 
when compared with the 2,400 and devel- 
opment work was curtailed.16 The Anacon- 
da Company, in a joint venture with 
ASARCO conducted geological and mine 
development work to delineate new lead- 
zinc-silver reserves for United Park City 
Mines Co.17 


The United States Smelting Refining 
and Mining acquired the mining proper- 
ties, claims, and mill facilities of New Jer- 
sey Zinc in Bayard, N. Mex. The Hanover 
mine, included in the purchase, was closed 
in August 1970 and has not been 
reopened.18 Production at ASARCO’s 
Ground Hog mine was considerably higher 
than that of 1969, and 122,417 tons of ore 
was mined and milled. The zinc concen- 
trates produced contained 14,179 tons of 
zinc.19 


Cyprus Mines Corp.'s Bruce mine near 
Bagdad, Ariz., operated close to capacity, 
producing 7,600 tons of zinc. Deepening 
the shaft for development of two new lev- 
els was approved. Known reserves are esti- 
mated to maintain operations for 6 years, 
and the two new levels are expected to 
add another year of operation.20 In De- 
cember 1970, ASARCO closed its Van 
Stone mine at Northport, Wash., because 
reserves had been exhausted.21 Pend Oreille 
Mines and Metals Co. mined 223,729 tons 
of ore in 1970 and produced 4,698 tons of 
zinc in concentrates. Approximately 30 per- 
cent of the year’s production was from the 
900 level where a major development pro- 
gram was also conducted. Although more 
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ore was extracted than in 1969, increasing 
costs, lower metal prices, and declining ore 
grades combined for a disappointing year 
of operations.22 


SMELTER AND REFINERY PRODUCTION 


Slab zinc production at smelters and 
electrolytic refineries in the United States 
decreased 14 percent from that of 1969, to 
approximately 955,000 tons; this reflected 
the cutbacks initiated earlier in the year to 
minimize the growing buildup of produc- 
ers’ stocks. Reviewing monthly data pub- 
lished by the Zinc Institute the lowering 
of refined zinc production and shipments 
that began in November 1969 fluctuated 
through the first quarter 1970, and in Feb- 
ruary production was the lowest since the 
strike curtailed output of March 1968. Pro- 
duction rebounded in March but then de- 
clined progressively to new lows in August 
and November. Monthly shipments ranged 
from 83,250 tons down to 66,653 tons, for 
an average of 76,012 tons per month com- 
pared with an average of 95,774 tons in 
1969. 

Most all zinc smelters and refineries op- 
erated at reduced levels in 1970. Notices of 
cutbacks in production began late in 
March when the National Zinc Co. an- 
nounced a 25 percent reduction effective 
March 29, 1970. St. Joe Minerals said it 
would cut production 13 percent in April 
and thereafter would consider the problem 
on a month-to-month basis. Mattheissen & 
Hegeler Zinc Co. had been operating at 75 
percent capacity since the end of January, 
taking advantage of the lower demand pe- 
riod for repairs and maintenance. Ameri- 
can Zinc followed with a 10 to 12 percent 
reduction. The Bunker Hill and New Jer- 
sey Zinc initiated cutbacks in April and 
Blackwell Zinc trimmed its production 9 
percent at Blackwell, Okla., in May. On 


14 United States Smelting Refining and Mining 
Co. Annual Report. 1970. p. 4. 
20 2 19 Copper Corp. 
1970 

16 Hecla Mining Co. Annual Report. 1970, pp. 
8-9. 

17 The g anaconda Company. Annual Report. 
1970, p. 

18 United States Smelting ER and Mining 
Co. Annual Report. 1970, p. 

19 American Smelting d 
(ASARCO) Annual Report. 1970, p 

20 5 Mines Corp. Annual "Report. 
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PHA American Smelting and Refining Co. Annual 
Report. 1970, 

22 Pend Orielle 1 „Mines and Metals Co. Annual 
Report. 1970, p. 
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September 21, 1970, 1 week after the start 
of the General Motors strike, American 
Zinc closed its electrolytic plant at East St. 
Louis, III., and indicated that the auto 
strike was the precipitating factor. 

Refined zinc production by primary smel- 
ters and electrolytic refineries was derived 
from the following: domestic ores, 42 per- 
cent; foreign ores, 50 percent; and scrap, 
8 percent. In 1970 the quantities of slab zinc 
produced from domestic and foreign ores 
were 12 percent and 19 percent, respec- 
tively, lower than those of 1969, and there 
was an increase of 9 percent in production 
from scrap. Primary zinc refined by elec- 
trolytic plants was down 13 percent from 
that of 1969 and accounted for 41 percent 
of total slab zinc produced; smelter pro- 
duction of primary zinc was 18 percent 
lower than that of 1969 and made up of 
51 percent of the total. Redistilled second- 
ary slab zinc produced from scrap by pri- 
mary smelters increased 9 percent over 
that of 1969 and contributed 7 percent of 
the total; the increase from secondary 
smelters was 14 percent for only 1 percent 
of the total. Production of all grades of 
zinc were lower than that of 1969, how- 
ever, the percentage distribution was about 
the same with special high grade at 42 
percent; prime western, 34 percent; high 
grade, 11 percent; brass special, 8 percent; 
and intermediate, 5 percent. 

St. Joe Minerals produced 192,000 tons 
of refined zinc at their electrothermic zinc 
smelter at Monaca, Pa., a decrease of 11 
percent from that of 1969. Production of 
zinc oxide was 35,000 tons, approximately 
the same as that of 1969. Zinc oxide capac- 
ity will be increased to over 50,000 tons 
per year with plans to double French-proc- 
ess oxide production. Additional facilities 
are planned for recycling greater quantities 
of zinc-base industrial wastes and residues. 
Improvements of environmental aspects at 
St. Joe's two smelters were scheduled for 
1971 at a cost of $4.5 million.23 ASARCO's 
electrolytic zinc refinery at Corpus Christi, 
Tex., was damaged in August by Hurri- 
cane Celia; the damage cost approximately 
$500,000 and nearly 15 days’ production. 
Construction of fluid-bed roasting facilities 
was begun and scheduled for completion 
in 1972. Two old flash roasters will be re- 
placed which will result in lower operating 
costs and increased capacity. This plant 
has no air-quality problems; however, wa- 
ter-quality control regulations will require 
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equipment costing $2 million to purify 
plant effluents. The horizontal-retort zinc 
smelter at Amarillo, Tex., produced less 
zinc in 1970 owing to a shortage of labor. 
Continued operation under the State Air 
Control Board's regulations is questionable. 
The plant is working under an extension 
of a variance granted earlier pending re- 
sults of feasibility studies to control 
emissions.24 American Zinc increased slab 
zinc production 3 percent, to 130,000 tons, 
in fiscal 1970. The electrolytic refinery at 
Sauget, Ill., operated at 95 percent of rated 
capacity and the horizontal retort smelter 
at Dumas, Tex., had a good year until 
April 1970 when production was reduced 
to control the rising inventory of slab zinc. 
In October 1970, the electrolytic refinery 
was shut down because of a large inven- 
tory, unsettled market conditions, and 
principally, the General Motors strike.25 
Blackwell Zinc Co., Inc. (subsidiary of 
AMAX) horizontal-retort zinc smelter at 
Blackwell, Okla., produced 81,000 tons of 
slab zinc in 1970, a 9-percent decrease 
from that of 1969 because of the weakened 
market demand ze In 1970, The Anaconda 
Company produced 152,000 tons of zinc, 
compared with 180,300 tons in 1969. Ap- 
proximately all production was refined at 
the Great Falls, Mont., electrolytic zinc 
plant; 55 percent of the total was treated 
on toll for other companies. Adverse gen- 
eral economic conditions and the automo- 
bile strikes late in 1970 reduced demand, 
which caused cutbacks in production. 27 
Bunker Hill curtailed zinc production at its 
Kellogg, Idaho, electrolytic plant early in 
April 1970 due to the lessening of demand. 
Zinc metal production was reduced to 
96,000 tons, from 106,000 tons in 1969.28 
In September 1970, New Jersey Zinc moved 
its corporate headquarters from New York 
City to Bethlehem, Pa., to be closer to key 
operations located at Palmerton, Pa. The 
lack of demand for zinc metal because of 
reduced automobile production, growing 
substitution of plastics for zinc diecastings, 
increased competition from zinc imports, 
and lower demand by the steel industry en- 


23 St. Joe Minerals Corp. Annual Report. 1970, 
pp. 8, 12 

24 American Smelting and Refining Co. Annual 
Report. 1970, p. 11. 

25 American Zinc Co. Annual Report. 1970, p. 


39 AMAX Annual Report. 1970, 

970, p. 6. Anaconda Company. ud Report. 
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28 Gulf Resources & Chemical Corp. Annual 
Report. 1970, p. 12. 
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couraged widespread discounting and in- 
creased pressures to reduce the price of 
zinc. A change of 0.5 cent in the price of 
zinc can affect pretax profits by approxi- 
mately $1 million per year.29 

Slag-Fuming Plants.—For: many years 
five slag-fuming plants have treated hot 
and cold lead blast-furnace slags contain- 
ing from 7 to 15 percent zinc to produce a 
zinc oxide fume. The zinc oxide is subse- 
quently delivered to zinc smelters or elec- 
trolytic refineries for recovery of the 
contained zinc and to other consumers of 
zinc oxide. The following five plants were 
operating in 1970: 


Company Plant Location 
American Smelting and 

Refining Co. 

(ASARCO) ----.--.-..-. . . . . Selby, Calif. 
American Smelting and 

Refining Co. 

(ASARCO) ........-.---.-.--- El Pasco, Tex. 
The Anaconda Company ----East Helena, Mont. 
The Bunker Hill Co Kellogg, Idaho 
International Smelting & 

Refining Co. ------------------- Tooele, Utah 


During the year, the material processed 
consisted of 698,700 tons of new hot slags, 
75,000 tons of cold old slags, and 10,700 
tons of residues. The yield of zinc oxide 
fume was 126,400 tons containing 87,560 
tons of recoverable zinc, compared with 
144,900 tons of fume and 94,700 tons of 
zinc in 1969. 

Secondary Zinc Smelters.—Zinc recovered 
from processing secondary materials 
amounted to 339,500 tons, compared with 
376,400 tons in 1969. New scrap consisting 
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of the recycling of semimanufactured al- 
loys, primarily zinc-base and copper-base 
alloys, accounted for 79 percent of the 
total new and old scrap processed. The 
largest decreases from 1969 were for new 
and old copper-base scrap, which made up 
almost all the total decline. Most of the 
zinc recovered (48 percent) was accounted 
for in reconstituted copper-base alloys 
(brass and bronze); slab zinc was next 
with 22 percent; zinc dust, 9 percent; and 
chemical products, 12 percent. 

Byproduct Sulfuric Acid.—In 1970 there 
were 16 plants with facilities for roasting 
zinc sulfide concentrates, and 10 were 
equipped with sulfuric acid producing 
units. Four of these plants were solely 
roasting operations producing zinc oxide 
for delivery to zinc smelters or refineries 
for the recovery of zinc or for sale to 
other consumers of zinc oxide; three of 
these had sulfuric acid plants. Six plants; 
one electrolytic refinery, three horizontal 
retort smelters, one vertical retort smelter, 
and one roasting plant, did not have sul- 
furic acid producing facilities. In 1970 pro- 
duction of byproduct sulfuric acid from 
the zinc plants and three lead smelters was 
1,086,207 tons, compared with 1,086,938 
tons in 1969. 

Zinc Dust.—Production of zinc dust was 
51,136 tons in 1970, or 7 percent lower 
than that of 1969. Of this total, approxi- 
mately 29,200 tons was produced from 
metal distilled from scrap. 


CONSUMPTION AND USES 


Zinc consumed in the United States as 
refined metal in slab or other forms to- 
taled 1,186,951 tons (1,385,380 tons in 
1969) ; the zinc content of ore and concen- 
trate consumed to make pigments and salts 
and used directly in  galvanizing was 
124,781 tons (126,712 tons); and the zinc 
content of scrap to make alloys, zinc dust, 
and salts totaled 264,074 tons (302,075 
tons); the overall total was 1,575,806 tons, 
a drop of 12 percent compared with 1969. 

Slab zinc consumption of 1,186,951 tons, 
as reported by approximately 700 plants, 
was 13.3 percent less than that recorded 
for 1969 and the lowest annual total since 
1963. Galvanizing accounted for 40 percent 
of the total slab zinc consumed; brass 
products, 11 percent; diecasting alloys, 38 
percent; dies, rod alloy, and slush- and 


sand-casting alloys, 1 percent; rolled zinc, 3 
percent; zinc oxide, 4 percent; and other 
uses 3 percent. For the first time since 
1961 galvanizing used more zinc than die- 
casting alloys, which reflected the 1970 
slump in the automotive industry. De- 
creases in most all categories followed the 
general downturn in the economy. In com- 
parison with 1969, the use of slab zinc de- 
clined 4 percent for galvanizing, 29 percent 
for brass products, 20 percent for zinc-base 
alloys, 16 percent for rolled zinc, and 21 
percent for other products. The amount of 
zinc oxide made from slab zinc increased 6 
percent because of the continuing rise for 
photoconductive use. 


29 Gu]f & Western Industries, Inc. Annual Re- 
port. 1970, p. 20. 
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The distribution by grade of slab zinc 
consumed in 1970 is as follows: Special 
high grade, 47 percent; high grade, 9 per- 
cent; intermediate, 1 percent; brass special, 
10 percent; prime western, 33 percent; and 
remelt, less than one-fourth of 1 percent. 
Relative to 1969, consumption of special- 
high-grade zinc dropped 19 percent, but 
for prime western zinc the decline was 
only 1 percent, which confirmed the lower 
quantity for diecastings in the automotive 
industry. 

The slab zinc consumed by rolling mills 
in 1970 at 41,000 tons was 16 percent 
lower than that of 1969; the production of 
rolled zinc products fell from 46,540 tons 
to 39,234 tons, also a 16-percent drop. The 
amount of photoengraving plate produced 
was less than 400 tons under that of 1969, 
at 10,364 tons; however, the strip and foil 
rolled was down over 8,000 tons, or 26 per- 
cent below that of 1969. In 1970, there was 
a 16.5 percent increase in the unit value of 
rolled zinc produced, which almost bal- 
anced the loss in quantity of products. Im- 
ports of rolled products—plate, sheet, and 
strip—dropped 18 percent to 692 tons, and 
exports fell 48 percent to 1,412 tons. The 
unit values of imports and exports also in- 
creased 40 percent and 29 percent, respec- 
tively. The total tonnage rolled in 1970, 
including 18,300 rerolled from scrap, was 
57,310 tons, compared with 70,900 tons in 
1969. 

Consumption of slab zinc by States was 
headed by Illinois, again with 14 percent 
of the total, followed by Ohio, Pennsylva- 
nia, Michigan, Indiana, and New York. 
The industries using zinc in these six 
States accounted for 68 percent of the total 
slab zinc consumed. The largest uses were 
for diecastings in Michigan, Illinois, New 
York, and Ohio and galvanizing in Ohio, 
Pennsylvania, Indiana, and Illinois. Con- 
necticut, Illinois, and Michigan showed the 
largest quantities used for brass mill prod- 
ucts. 


ZINC PIGMENTS AND SALTS 


Production.—Production of zinc pig- 
ments and compounds at 329,000 tons in 
1970 was 4 percent below that of 1969. 
Total shipments were 6 percent lower than 
production, which indicated an increase in 
producers stocks. Production of lead-free 
zinc oxide was up 3,400 tons over 1969 
production, a 1.5 percent increase to 
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223,770 tons; leaded zinc oxide increased 5 
percent to 5,200 tons. The zinc chloride 
produced was approximately 46,800 tons, 
or 2 percent less than in 1969; zinc sulfate 
dropped to 53,170 tons, 15,300 tons below 
production of the previous year. 

Zinc pigments and compounds were 
made from various zinc-bearing materials 
including ore, slab zinc, and scrap. Lead- 
free zinc oxide was made by the following 
processes: 60 percent was produced from 
ores by the American process, 24 percent 
from metal by the French process, and 16 
percent was derived from secondary mate- 
rials and residues. The zinc contained in 
zinc Oxide produced from ore was 107,273 
tons and in zinc sulfate, 8,278 tons; 77 per- 
cent of the zinc oxide was from domestic 
ores and 23 percent was from imported 
ores; 43 percent of the zinc sulfate was 
from domestic ores and 57 percent was 
from imported ores. The amount of zinc 
in pigments produced from the zinc in do- 
mestic ores represented 16 percent of the 
domestic mine production, the same per- 
centage as in 1969. Leaded zinc oxide was 
produced solely from ores, zinc chloride 
from slab zinc and scrap, and zinc sulfate 
from ores and scrap. 

Four grades of leaded zinc oxide, classi- 
fied according to lead content, were pro- 
duced. Only a very small quantity of 5 
percent or less leaded zinc oxide and a 
minor quantity containing 35 to 50 percent 
and over were produced; the more than 5 
to 35 percent grade made up most of the 
production. Some lithopone, a coprecipitate 
of zinc sulfide and barium sulfate, was 
produced, but quantities are withheld to 
avoid disclosing individual company confi- 
dential data. 

Consumption and Uses.—The shipment 
of zinc oxide for various uses in 1970 was 
3 percent lower than that of 1969. Rubber 
accounted for 52 percent of the total re- 
quirement and used approximately 4,500 
tons less than in the previous year. The 
quantities for paints, chemicals, and agricul- 
ture were substantially below those of 
1969, but for photocopying and other uses 
major increases were recorded. The 16-per- 
cent rise for photosensitive copying paper, 
to 31,850 tons, reflects almost a threefold 
expansion of this use in the last 5 years. 

Consumption of leaded zinc oxide was 
almost equal to that of 1969, but the use 
for paint, which accounted for 75 percent 
of the total, increased 6 percent, and the 
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balance for other uses dropped 15 percent. 
The total zinc sulfate shipment was 16 
percent lower than that of 1969 because 
the requirement for agriculture declined 
10 percent and for other uses 19 percent. 


Prices. —The prices of American-process, 
lead-free zinc oxide and all other grades 
were established October 1, 1970, when a 
0.5-cent increase raised the quotation for 
American-process zinc oxide to 17 cents 
per pound; and for French process lead- 
free, high-purity, and electrophotographic 
to 17.5 cents, 18.0 cents, and 19.75 cents 
per pound, respectively. The prices of 
leaded zinc oxide were 14 cents per pound 
for 12 percent grade, 15 cents for 18 per- 
cent, and 16.75 cents for 35 percent grade. 

Zinc sulfate, granular monohydrate, in- 
dustrial-grade 36 percent in 100-pound 
bags was quoted at 10 cents per pound 
throughout the year. The price of zinc 
chloride, 50 percent, in tank cars, was in- 
creased in the first week of July from 6.20 
to 6.40 cents per pound for 100-pound lots, 
where it remained through December. 


Foreign Trade.—Exports of zinc oxide 
to 41 countries in 1970 amounted to 6,326 
tons, a 67-percent increase over 1969. West 
Germany was the largest customer with 
1,308 tons, followed by Canada with 1,298 
tons, Australia with 789 tons, and Belgium 
with 449 tons. Lithopone exports to 36 
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countries increased 42 percent, to 1,541 
tons. The leading recipient was again 
South Vietnam with 1,392 tons, followed 
by Canada and Venezuela with 42 tons 
and 16 tons, respectively. The total value 
of exported pigments was $2,866 million, 
up 75 percent over that of 1969. 

Imports of zinc pigments and compounds 
decreased in 1970 to 20,766 tons, down from 
23,518 in 1969. The decline was accounted 
for principally by the 17-percent drop in 
receipts of zinc oxide. Zinc oxide ac- 
counted for 12,073 tons; 6,200 tons came 
from Mexico. Canada was the next largest 
supplier, 4,400 tons; the Netherlands fol- 
lowed with 800 tons; Belgium, 222 tons; 
Spain, 165 tons; and smaller amounts were 
supplied by the United Kingdom, West 
Germany, France, and Poland. Seventy- 
seven tons of lithopone, down 71 percent 
from 1969, came from West Germany and 
the Netherlands. Zinc chloride imports 
were down 16 percent at 1,151 tons and 
followed the 1969 pattern; the greater por- 
tion came from West Germany, 781 tons; 
Belgium, 295 tons; and 75 tons from Can- 
ada, the Netherlands, and the United 
Kingdom. Zinc sulfate imports increased 
slightly to 6,298 tons; Mexico supplied 
3,365 tons and Australia supplied 2,813 
tons. The total value of imported zinc pig- 
ments and compounds was $4,106 million, 
compared with $4,476 million in 1969. 


STOCKS 


Producer Stocks.—The buildup of stocks 
of slab zinc at primary smelters and refin- 
eries that began in the last quarter of 1969 
continued to increase progressively in the 
early months of 1970, reaching a high at 
the end of May. The cutbacks of produc- 
tion at smelters and refineries begun in 
February effected reductions in stocks in 
June and through September to the lowest 
for the year. Further slackening in de- 
mand, owing principally to the automobile 
strike, caused a decrease in shipments, and 
stocks rose in October, November, and De- 
cember to 97,576 tons. Inventories at sec- 
ondary smelters fell from 885 tons on Jan- 


uary 1 to 555 tons at the end of March. 
Accumulations in the next 3 months in- 
creased stocks to the year’s high of 1,157 
tons at the end of June. Reduced produc- 
tion and larger shipments in the third 
quarter lowered inventories to 413 tons at 
the end of September. Production, ship- 
ments, and inventories increased in the last 
quarter as yearend stocks rose to 738 tons. 
Consumers Stocks.—The total of slab 
zinc inventories at consumer plants de- 
clined 12 percent in 1970, to 89,551 tons. 
Declines in all grades except intermediate 
contributed to the 12,500-ton drop. 
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PRICES 


The East St. Louis quoted price of 
prime-western-grade slab zinc established 
September 15, 1969, at 15.5 cents per 
pound continued unchanged in 1970 until 
August 20, when one company reduced its 
price 0.5 cent to 15 cents per pound. All 
other producers lowered their prices by 
August 24 when the East St. Louis basis 
became quotable at the new rate. This 
price continued through the end of the 
year. The foreign producers’ price was 
lowered from £130 per metric ton (U.S. 
equivalent 14.15 cents per pound) to 
£127.95 per metric ton (13.93 cents per 


pound) on January 1, 1970, where it re- 
mained throughout the year. This quota- 
tion is that charged by most non- U.S. pro- 
ducers in foreign markets, as published by 
the Metal Bulletin of London, for Good 
Ordinary Brand (GOB) zinc (prime western 
equivalent), c.i.f. European ports, subject 
to premiums to cover duties, grades, and 
geographical charges. The London Metal 
Exchange (LME) average monthly quota- 
tion varied throughout the year within a 
0.5-cent range from a high of 13.60 cents 
per pound in September and the low of 
13.11 cents per pound for December. 


FOREIGN TRADE 


Exports of slab zinc in 1970 dropped 
drastically from 9,300 tons to just under 
300 tons. Exports of rolled zinc products, 
sheets, plates strips, etc., was almost halved 
to 1,400 tons, down from 2,700 tons in 
1969. Canada received 1,006 tons, and the 
balance went to 13 other countries and 
some unidentified destinations. 

General imports of zinc in ore and of 
zinc metal decreased 13 percent and 17 
percent, respectively, in 1970; ore ac- 
counted for 525,759 tons and metal, 270,413 
tons. Canada, Mexico, and Peru continued 
to be the ranking sources of ore supply. 
Canada, Japan, Peru and Australia were 
the major suppliers of metal. Canada ac- 
counted for 60 percent of the imported 
zinc in ore and 45 percent of the total im- 
ported metal. Mexico followed with 25 
percent in ore and 3 percent in metal; 
Peru supplied 9 percent of the zinc in ore 


and 12 percent of the metal; Japan fur- 
nished 12 percent of the metal and Aus- 
tralia contributed 11 percent. Imports for 
consumption followed the same pattern, but 
the totals of ores and metal were 75,000 
and 10,000 tons less, which indicated that 
some zinc imported prior to 1970 was re- 
leased from a warehouse. | 

There were no changes in the tariff rates 
in 1970. The duties on unmanufactured 
zinc and zinc-containing materials were as 
follows: Slab zinc, 0.7 cent per pound; zinc 
ores, concentrates, and fume, 0.67 cent per 
pound (on zinc content less specified al- 
lowable deductions for processing losses) ; 
zinc scrap 0.75 cent per pound; and zinc 
dust, 0.7 cent per pound. The duty rate 
for unwrought alloys of zinc, which in- 
cludes diecasting alloys, is 19 percent ad 
valorem. 


WORLD REVIEW 


Algeria.—Work was started on an elec- 
trolytic zinc refinery at Ghozaouet. Planned 
refined zinc capacity is reportedly about 
45,000 tons per year. A sulfuric acid plant 
was also planned. 

Argentina.—Compania Minera Aguilar, 
S. A., an affiliate of St. Joe Minerals, 
completed expansion of its mine and 
mill facilities in 1970, and zinc concentrate 
production was increased to 84,276 tons 
from 46,662 tons in 1969. Compania Metal- 
urgica Austral (43-percent owned by Agui- 
lar) produced a record 15,675 tons of 


zinc metal at the Comodoro Rivadavia 
electrothermic smelter. Capacity production 
of about 15,000 tons of zinc was also at- 
tained at the Rosario electrolytic plant of 
Compania Sulfacid, S.A. (50-percent owned 
by Aguilar), and planned expansion is ex- 
pected to double its capacity by the end of 
1971.30 

Australia.—In 1970 production of zinc in 
concentrates was approximately 560,000 
tons, slightly higher than in 1969. The 


30 St. Joe Minerals Corp. Annual Repott. 1970, 
p. 12. 
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Broken Hill companies (North Broken 
Hill Ltd., Broken Hill South Ltd., and 
New Broken Hill Consolidated Ltd.) pro- 
duced 9 percent less in 1970 than in the 
previous year. However, output by Mount 
Isa Mines, Ltd., was up 16 percent and the 
marginally higher output by the Electroly- 
tic Zinc Co. of Australasia, Ltd., accounted 
for the small rise in Australian zinc concen- 
trate production. 

At the Mount Isa mine zinc-lead-silver 
reserves were increased by 7 million tons. 
Because no change was indicated for the 
reserves at the Hilton mine, drilling at 
closer intervals was started to develop in- 
formation for a reassessment of the ore re- 
serves. New intersections with the ore body 
reveal a high zinc content in relation to 
lead and silver values. Zinc reserves at the 
Mount Isa mine in June 1970 were 52 mil- 
lion tons of 5.9 percent zinc and at the 
Hilton mine 35 million tons of 9.6 percent 
zinc.31 

Broken Hill South is one of the four pro- 
ducers of zinc-lead-silver ore at Broken 
Hill. In 1970, 206,660 tons was extracted 
from the No. 7 shaft and Browne shaft 
sections of the mine and mill, yielding 
31,184 tons of zinc concentrate averaging 
51.9 percent zinc that was sold to Electro- 
lytic Zinc of Australasia. Cobar Mines Pty. 
Ltd. (76-24 percent owned by the Broken 
Hill South) produced 16,949 tons of zinc 
concentrates assaying 50.3 percent zinc 
from ore taken from the C.S.A. mine. The 
concentrates were exported to Japan.32 

New Broken Hill Consolidated is the 
largest producer of zinc, lead, and silver at 
Broken Hill. In 1970 the amount of ore 
milled was down 12,000 tons, to 1,093,000 
tons, and the zinc content of concentrate 
produced was 16,300 tons lower at 147,900 
tons than that of 1969. Ore reserves were 
essentially unchanged from 1969 with 6 
million tons assaying 14.0 percent zinc, 9.5 
percent lead and 2.5 ounces of silver per 
ton.33 

North Broken Hill mined 516,700 tons of 
ore in 1970, milled 518,400 tons and pro- 
duced 48,524 tons of zinc concentrate, 
which was 1,500 tons less than in 1969. Ex- 
ploration and development over the past 12 
years have replenished the ore reserve just 
slightly more than the rate of mining.34 

The Zinc Corp. Ltd., a wholly owned sub- 
sidiary of Conzinc Riotinto of Australia, is 
the fourth producer at Broken Hill. This 
company treated 897,000 tons of ore pro- 
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ducing 78,000 tons of zinc in zinc concen- 
trate, an increase of about 4 percent over 
that of 1969. 

Electrolytic Zinc Co. of Australasia is the 
operating company for E. Z. Industries 
Ltd., which controls the Rosebery, Farrell, 
and Hercules mines in western Tasmania 
and the smelter and refinery near Hobart. 
In 1970, 314,400 tons of ore was mined, av- 
eraging 17.3 percent zinc. From the milling 
of 311,500 tons of ore, 85,700 tons of zinc 
concentrate was produced averaging 55 
percent zinc. Zinc production capacity of 
the electrolytic plant at Risdon was in- 
creased 12 percent during the year by in- 
stalling an additional rectifier and cooling 
tower on one cell unit and uprating the 
rectifier on three other cell units; the 
leaching and purification sections were en- 
larged accordingly. Output of the principal 
products at the refinery was as follows: 
Zinc 168,232 tons; cadmium, 390 tons; sul- 
furic acid, 238,270 tons; superphosphate, 
134,494 tons; and ammonium sulfate, 
39,922 tons. 

Bolivia.—In 1970, Mina Matilde, a re- 
cently developed high-grade underground 
zinc mine was operated under a 20-year 
contract by a U.S. consortium. The Boliv- 
ian Government revoked the concession to 
this property in April 1971. 

Brazil.—Companhia Mercantile Indus- 
trial Inga successfully modified the proc- 
ess of their electrolytic zinc plant on the 
Ilha da Maderia near Sepetiba Bay. In 
1970, after several years of experimenting 
using silicate ore from Vazante, Minas Ger- 
ais, the plant produced 99.99 percent zinc 
at the rate of 22 tons per day for the first 
time. Zinc powder and zinc oxide were 
also produced. The ore at the mine report- 
edly averages 7 percent zinc and is up- 
graded to a 30- percent concentrate. The 
company planned to expand capacity to 30 
tons per day by the end of 1971 and to 
100 tons per day by the end of 1972. Zinc 
concentrates will be imported from Peru 
to insure sufficient supply for the plant. 
Cadmium is being recovered as a byprod- 
uct. 

A second electrolytic zinc plant recently 
constructed and operating on Vazante sili- 


31 Mount Isa Mines Ltd. Annual Report. 1970, 


pp. 10-11. 
32 Broken Hill South Ltd. Annual Report. 
1970, pp. 6, 11. 
33 New Broken Hill Consolidated Ltd. Annual 
Report. 1970, pp. 15-16. 
* North Broken Hill Ltd. Annual Report. 
1970, p. 17. 
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cate ore is located at Tres Marias, Minas 
Gerais. The plant reportedly was designed 
for a capacity of 12,000 tons per year but 
encountered problems and produced far 
less in 1970. 

Total output of both plants was about 
12,000 tons in 1970 and is expected to 
reach 20,000 tons in 1971. Imports of 
46,000 tons of zinc was required to meet 
Brazilian demand in 1970, which was 
slightly less than in 1969. 

Canada.—Mine production in 1970 in- 
creased 4 percent to 1,366,000 tons. The 
following eight new mines started produc- 
tion in 1970; four in western Canada, Co- 
lumbia Metals, Copperhill, Silmonac, and 
Venus; two in Manitoba, Fox and Dick- 
stone; and two in Quebec, D'Estrie and 
Weedon. Expansion at three established 
mines, Anvil, Heath Steele, and Reeves 
MacDonald, and production from the new 
mines more than offset the closing of the 
Zenmac and Canadian Exploration and the 
lower production at a few older mines. 
Some production was lost at Bathurst and 
Manitouwadge because of strikes. 

Refined zinc production totaled 460,000 
tons, 6,000 tons below that of 1969 and 
85,500 tons below rated smelter and refin- 
ery capacities. Construction of the electro- 
lytic zinc plant at Timmins, Ontario, 
began in 1970; completion was scheduled 
for early 1972. The plant will have an an- 
nual capacity of 120,000 tons of refined 
zinc and will operate on concentrates pro- 
duced from the Kidd Creek zinc-copper- 
lead-silver mine at Timmins.35 

Anvil Mining Corporation Ltd. began 
production at its 6,600 ton per day mill in 
September 1969 and in 1970 produced 
165,000 tons of 50-percent zinc concentrate, 
105,000 tons of 64-percent lead concentrate, 
and about 5,000 tons of a bulk lead-zinc 
concentrate containing approximately 50 
percent combined lead and zinc. The lead 
and zinc concentrates are sent to Japanese 
smelters under an 8-year contract. Ore re- 
serves are estimated at 63 million tons con- 
taining 9 percent combined lead and zinc 
and 1.2 ounces of silver per ton.36 

Brunswick Mining and Smelting Corp. 
Ltd. owns zinc-lead-copper-silver deposits 
in Gloucester County, near Bathurst. In 
1970 a total of 1,481 tons of ore from the 
No. 12 underground mine and 1,100,700 
tons from the No. 6 open pit mine were 
milled in two concentrators near the No. 
12 mine. Separate zinc, lead, and copper 
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concentrates and a bulk lead-zinc concen- 
trate were produced. The bulk concentrate 
and some of the lead concentrate were 
treated in the Imperial Smelting Furnace 
at Belledune; lead concentrate was also 
shipped to custom smelters in Canada and 
Europe. The zinc concentrates were shipped 
to custom smelters in Belgium and the cop- 
per concentrates were smelted at Murdoch- 
ville, Quebec. Zinc-lead ore reserves at the 
No. 12 mine totaled 69.6 million tons aver- 
aging 8.7 percent zinc, 3.5 percent lead, 0.28 
percent copper, and 2.5 ounces of silver per 
ton; at the No. 6 mine reserves were 13.1 
million tons of 5.9 percent zinc, 2.2 per- 
cent lead, 0.3 percent copper, and 1.8 
ounces of silver per ton. The East Coast 
Smelting and Chemical Co. Ltd., a wholly 
owned subsidiary, operated the Imperial 
Smelting Plant at Belledune, 30 miles 
north of the Brunswick mines. Annual 
rated capacity is 42,000 tons of zinc and 
33,000 tons of lead; the 1970 production 
was 36,614 tons of zinc and 20,072 tons of 
lead.37 


In 1970, Cominco Ltd. produced 221,600 
tons of slab zinc, 219,396 tons of lead, 630 
tons of metallic cadmium, and 6 million 
ounces of silver. Annual rated capacities of 
the electrolytic zinc plant and the lead 
smelter at Trail, British Columbia, are 
263,000 tons of zinc and 190,000 tons of 
lead. Ore reserves at Cominco’s British Co- 
lumbia mines (Sullivan, Bluebell, and A. 
B.) declined slightly at the end of 1970 to 
66 million tons containing 7.2 million tons 
of lead and zinc. Reserves at the Pine 
Point mine in the Northwest Territories 
increased 4 percent, to 43.5 million tons 
containing 3.6 million tons of lead and 
zinc. Exploration and development work 
continued at the Caribou zinc-lead-copper- 
silver deposit in New Brunswick in which 
Cominco has a 25-percent interest.38 


During 1970, the Hudson Bay Mining 
and Smelting Co. Ltd. increased reserves 1 
million tons at its Flin Flon and Snow 
Lake mines to 19 million tons, assaying 3.3 
percent zinc. A new copper-zinc mine, the 
Dickstone, began production in 1970. The 


35 Mining Journal (London). Mining. Annual 
Review. 1971, p. 251. 

38 Cyprus Mines Corp. Annual Report. 1970, 
p. 16. 

31 Mining Journal (London). Mining. Annual 
Review. 1971, p. 257 


38 Mining Journal (London). Mining. Annual 
Review. 1971, p. 259. 
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concentrator treated 1.71 million tons of 
ore, averaging 3.9 percent zinc, and pro- 
duced 102,000 tons of 47.4 percent zinc 
concentrates. The 1970 output of the elec- 
trolytic zinc refinery was 78,622 tons, 1,100 
tons less than that of 1969. Oxide fume re- 
covered at the copper smelter, which 
amounted to 8,650 tons and assayed 29.6 
percent zinc, and 32,500 tons of zinc oxide 
produced at the slag fuming plant, which 
contained 23,431 tons of zinc were proc- 
essed to slab zinc. Pilot plant testing of 
the Sherritt Gordon-patented pressure 
leach process on Hudson Bay Mining Co. 
concentrates is planned if laboratory re- 
sults confirm expectations. Should this 
process prove favorable, conventional roast- 
ing of zinc concentrates and generation of 
sulfur dioxide fumes will be eliminated.39 

Noranda Mines Ltd's. Geco mine resumed 
production on February 2, 1970, after a 
73-day strike. During the balance of 1970, 
the mill treated 1,366,000 tons of ore aver- 
aging 3.89 percent zinc and produced zinc 
concentrates containing 41,880 tons of zinc. 
The ore and coricentrates were delivered to 
Canadian Electrolytic Zinc at Valleyfield, 
Quebec. Ore reserves increased 400,000 
tons, to 29.2 million tons averaging 4.63 
percent zinc. Mill capacity was expanded 
to 5,000 tons per day. Noranda has sub- 
stantial interests in other mining compa- 
nies including Brunswick Mining and 
Smelting, Mattagami Lake Mines Ltd., and 
Orchan Mines Ltd. The Mattagami mill 
treated 1.4 million tons of ore averaging 
9.1 percent zinc. At the end of 1970 ore re- 
serves were 16,696,000 tons containing 9.2 
percent zinc. Ah ore body found by Matta- 
gami near Sturgeon Lake in Northwestern 
Ontario was taken over by Mattabi Mines, 
Ltd. (60-percent owned by Mattagami). 
Indicated ore reserves are 12,866,000 tons 
averaging 7.6 percent zinc. Over 8 million 
tons grading 8.9 percent zinc will be 
mined by open pit methods. Orchan Mines 
milled 414,500 tons of Orchan ore averag- 
ing 11.1 percent zinc, 125,000 tons were 
mined from its subsidiaries, New  Hosco 
Mines and Bell Allard Mines, which were 
closed in May and November, respectively, 
when ore reserves were exhausted. Ore re- 
serves at the Orchan Mine at the end of 
1970 were 2.5 million tons averaging 9.7 per- 
cent zinc. Canadian Electrolytic Zinc Ltd., 
(62.5 percent owned by Mattagami Lake, 
18.7 percent by Orchan Mines, 9.7 percent 
by Kerr Addison, and 9.1 percent by Nor- 
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anda) produced 124,130 tons of slab zinc in 
1970.40 

Texas Gulf Sulphur Co. owns the Kidd 
Creek zinc-copper-silver-lead open pit mine 
15 miles north of Timmins, Ontario. The 
Mill at Hoyle, Ontario, 17.5 miles away, 
has three 3,000-ton-per-day circuits. The 
Kidd Creek property is operated by Ecstall 
Mining Ltd., a wholly owned subsidiary of 
Texas Gulf. In 1970 the concentrator 
treated 3,586,000 tons of ore and produced 
582,800 tons of 52-percent-zinc concentrates. 
These concentrates are shipped to custom 
smelters and refineries in the United 
States, Europe, and Japan. The electrolytic 
zinc refinery currently under construction 
is designed to process about half the zinc 
concentrate output and to produce 120,000 
tons of slab zinc. The plant also includes a 
sulfuric acid unit with a capacity of 
230,000 tons per year.*1 

Wilroy Mines Ltd. mined 476,970 tons of 
ore averaging 3.97 percent zinc and 1.8 
ounces of silver per ton from its three 
Manitouwadge operations. In 1970, 388,000 
tons of ore was milled yielding 15,824 tons 
of zinc. Ore reserves as of December 31, 
1970, were 1,051,963 tons, which averaged 
3.8 percent zinc, 1.25 percent copper, and 
1.62 ounces of silver per ton. 

Finland.—Outokumpu Oy began zinc 
concentrate production at its Vihanti mine 
in 1954 and at the Pyhasalmi in 1962. 
Until 1969, when their electrolytic zinc 
plant at Kokkola started production, the 
concentrates were exported. Finland's zinc 
metal production in 1970 was 69,000 
tons.+2 

Honduras.—The New York and Hondu- 
ras Rosario Mining Co. had another year 
of expansion at the El Mochito mine, a 
silver-gold-lead-zinc property. Ore reserves 
were increased 16 percent, to 2,125,000 tons 
of ore, which averaged 9.73 percent zinc, 
9.23 percent lead, 12.3 ounces of silver per 
ton, and 0.008 ounce of gold per ton. The 
mill processed 270,025 short dry tons of 
ore, which was 11 percent more than that 
of 1969. The zinc content of zinc concen- 
trates produced was 17,272 tons. 43 


22 Hudson Bay Mining and Smelting Co. Ltd. 
Annual Report. 1970, pp. 15-17. 

p Noranda Mines Ltd. Annual Report. 1970, 
p. 9. 

41 Texas Gulf Sulphur Co. Annual Report. 
1970, p. 4. 

2 Mining Magazine. V. 123, No. 4, October, 
1970 p. SE Outokumpu Oy. Annual Report. 

, p. 6. 


43 New York and Honduras Rosario Mining 
Co. Annual Report. 1970, pp. 5-7. 
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Japan.—Slab zinc capacity is being 
raised from 760,000 tons to 806,000 tons. 
Production in 1970 was 745,000 tons, com- 
pared with 785,000 tons in 1969. Industry 
growth is reportedly restricted by public 
complaints against pollution principally as- 
sociated with byproduct cadmium produc- 
tion. Japan is the free world's second larg- 
est consumer of zinc. The annual level of 
demand is expected to reach 1 million tons 
in 1974. 

Mexico.—In 1970, zinc production in- 
creased 4.8 percent, to 291,000 tons. Ex- 
ports of zinc concentrates increased 13,000 
tons, to 326,400 tons in 1970; imports of 
refined zinc decreased 3,000 tons, to 38,100 
tons. The planning of two electrolytic zinc 
refineries was interrupted due to the weak- 
ening in the zinc price. Industrias Peñoles 
S.A. started constructing its Torreón plant 
late in 1970 but advanced the completion 
date to mid-1973. The estimated cost of 
the plant was $52 million. ASARCO was 
expected to begin constructing a similar 
plant in late 1971. No location has been 
announced. 

Peru.—Cerro de Pasco Corp. produced 
75,830 tons of refined zinc in 1970, 12 per- 
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cent more than in 1969, but concentrate 
production for export and refining at 
67,825 tons (zinc content) declined 17 per- 
cent. The San Vincente zinc deposit owned 
by Cía. Minera San Vincente and operated 
by Cía. Minera San Ignacio de Morococha 
S.A., began production in 1970 with an 
output of more than 70,000 tons of ore 
containing 20 percent zinc. Concentrates 
are trucked to Callao for export to Japan. 
The Homestake Mining Co. arranged the 
financing of $6.5 million for Companía Mi- 
nera del Madrigal with the Japanese com- 
pany Marubeni Iida for the Madrigal proj- 
ect. Total investment is about $11 million 
to open up the Santa Rosa vein, which has 
1.03 million tons of proven and probable 
ore averaging 6.1 percent zinc and 4.2 
ounce per ton of silver. Homestake has a 
57-percent interest in Compania Minera 
del Madrigal through a subsidiary Com- 
pania Madrigal. 

Tunisia.—In 1970 production of zinc in 
ore was 7 percent less than in 1969. Italy 
continued to be the best customer for zinc 
ore followed by Switzerland, Poland, and 
Romania. No significant new investment 
was made in 1970 for zinc production. 


TECHNOLOGY 


Zinc Abstracts, a monthly publication, 
prepared jointly by the Zinc Development 
Association (London) and Zinc Institute, 
Inc. (New York), review all current world 
literature on the uses of zinc and its prod- 
ucts and all published research work. 
These abstracts are available, free of 
charge, from the Zinc Institute, Inc., 292 
Madison Avenue, New York, N.Y. 10017. 


The International Lead Zinc Research 
Organization (ILSRO) sponsors a research 
program, which is reviewed twice a year in 
its Research Digest. Three parts of this 
program published in the Research Digest 
are related to zinc: Part I—Diecast and 
wrought zinc; Part II—Zinc for conversion 
protection; and Part III—Zinc chemistry. 
The ILSRO Research Digests are also 
available from the Zinc Institute. Results 
of several] research investigations and pro- 


fessional papers were published by the Bu- 
reau of Mines 44 and the Geological 
Survey.t5 


4 Powell, H. E., L. L. Smith, and A. A. Coch- 
ran. Solvent Extraction of Nickel and Zinc From 
Waste Phosphate Solution. BuMines Rept. of Inv. 
7336, 1970, 14 pp. 

Neumeier, L. A., and J. S. Risbeck. Influence 
of Rolling Temperature and Copper Content on 
Creep and Other Properties of Zinc-Copper and 
Zinc-Titanium-Copper Alloys. BuMines Rept. of 
Inv. 7363, 1970, 45 pp. 

Schwaneke, Alfred E., Wilbert L. Falke, and 
Orrin K. Crosser. A New High-Temperature Soft 
Solder System. BuMines Tech. Prog. Rept. 29, 
1970, 18 pp. 

45 Cox, D. P. Lead-Zinc-Silver Deposits Related 
to the White Mountain Plutonic Series in New 
Hampshire and Maine. U.S. Geol. Survey Bull. 
1312-D, 1970, pp. D1-D18. 

McKnight, E. T., and R. P. Fisher. Geology 
and Ore Deposits of the Picher Field, Oklahoma 
and Kansas. U.S. Geol. Survey Prof. Paper 588, 
1970, 165 pp. 

McKnight, E. T., W. L. Newman, and A. V. 
Heyl, Jr. Zinc in the United States, Exclusive of 
Alaska and Hawaii. U.S. Geol. Survey Min. Res. 
Map Mr-19, 1962 (Reprinted 1970). 
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Table 2.—Mine production of recoverable zinc in the United States, by States 


(Short tons) 
1966 1967 1968 1969 1970 

ATIZONG AAA 15,985 14,330 5,441 9,039 9,618 
ane 335 441 3, 525 3,327 3,514 
Sers urus 2 see bd 54 , 822 52 , 442 50,258 53,715 56 ,694 
MG EENEI A a 60 ,997 56,528 57,248 55,900 41,052 
Ih K ³ĩ 15,192 20, 416 18,182 13, 765 16,797 
e . o di cia 4,769 4,765 3,012 1,900 1,186 
Kentucky... . Meis ume sd 6,586 6,3817 4,608 4,988 4,189 

BIG. oe oe eos eee kr 8 5,099 : 9,114 
IN AA M ecco mec iE 8,968 7,480 12,301 41,099 50,721 
rtr v ecc RU. 29, 120 3,341 3,778 6, 1,457 
Nera. 8 5, 827 3,035 2,104 941 127 
New Jerseg/qqc9 co. 25,237 26,041 25,668 25,076 28,683 
New Mexico... . . 29,296 21,380 18,686 24,808 16,601 
New YOrk.. cst ees coe eee E 73,454 70, 555 66,194 58 , 728 58, 577 
Obe, oasis 11.237 10, 670 6,921 2,744 2,650 
Pennsylvania 28,080 35,067 30,382 33 ,035 29 ,554 
South: Da kote aco ð ee ꝗſyſ dd y ` GS eL EM 
Tennessgee______ reas croatas 103,117 113,065 124,039 124,532 118,260 
DUtahtc e see EE 37,323 34,251 83,153 34,902 84,688 
ll. 8 17, 666 18,846 19,257 18,704 18,068 
ne 88 24,772 : 13,884 9,788 11,956 
WISCONSIN EE 24,775 28,953 25,711 22,901 20,634 

Total. AA 572,558 549 , 413 529 , 446 553,124 534,136 
Table 3.—Mine production of recoverable zinc in the United States, by months 
(Short tons) 
1969 1970 Month 1969 1970 

January... . . . . 42,205 44,137 A SCC 47,289 45, 266 
February... .. 43,040 44,754 September.............. 47,403 42,478 
Mareen 45,076 47,677 October 47,303 42,192 
Tr cou 48,112 47,144 November.............. 46,325 42,360 

A musuka 48 , 067 44,584 ecember___._. 45,467 42,397 
June 47,151 45, 305 
Mr s 45, 686 45,892 Total... 8 553 ,124 534,136 
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Table 4.—Production of zinc and lead in the United States in 1970, by States 
and class of ore, from old tailings, etc., in terms of recoverable metals 


(Short tons) 
Zinc ore Lead ore Zinc-lead ore 
State Gross Zinc Lead Gross Zinc Lead Gross Zinc Lead 
weight con- con- weight con- con- weight con- con- 
tent tent (dry tent tent (dry tent tent 
basis) basis) basis) 
Arizona 450 63 1 360 2 81 2,010 100 36 
a A A SS ee et ous s (1) (1) 0 
Colorado 295,321 31,456 2,390 1,429 2 37 357,247 13,315 10,337 
Idaho (2) (2) (2) 36,085 509 3,225 2927,449 239,608 256,113 
Kansas 61,654 1,178 P ³·¹A (TTT 634 13 9 
Milch! ROT ------ 38,815,880 50,721 1421,764 .......... ....... ....-.- 
Montana 4,994 15,361 147 „390 39 26 2 3 
Ne wall ⁵³ð b ĩ 8 3, 697 78 266 556 24 27 
New Jersey 168 129. VU ⅛ ]²˙²½Ü; ¿D ʃ¹ ¹ ʃ¹ ʃmʃmIʃmnm A A E 
New Mexico (2) (2) 6. 2 162,190 216,054 23, 546 
New York........ 175,965 h d -------- 566,306 42,767 1,280 
Oklahoma : f BOT RN DONEC dd ͤ A OE 
In EE 
Pennsylvania 622.499: 77777777j;/;Prmkdf EEN 
South Dakota.) ðè ð ̃ ̃è —³ůi . ³ðè . d ]è d y a a 
Tennessee /// al . ³WW³ W. EE 
TT ĩ³˙1 km yr SS (5) (5) (5) 5456,676 531,529 540,105 
Virginia 670.395 18,063. 3/356 . . , ass 
Washington - (6) (6) 6; A deet, da 6 661,872 $11,956 6,784 
Wisconsin 749,488 20, 634 16ͥꝝ— ² ]³]ůü] u ͥ ͤłR vd cee Za E ys 
Other States 325,094 11, 205 A T ATP. 
Total 7,295,482 267,789 7,689 8,868,841 51,351 425,959 3,134,966 155,368 118,240 
Percent of 
total 
zine-leal 50 E 10 A 29 21 
Copper-zinc, copper-lead, All other sources 7 Total 


and copper-zinc-lead ores 


Gross Zinc Lead Gross Zinc Lead Gross Zinc Lead 


weight con- con- weight con- con- weight con- con- 
(dry tent tent (dry tent tent (dry tent tent 
basis) basis) basis) 
Arizona 130,958 9,402 210 40,314,819 51 7 40,448,592 9,618 285 
e V.D MOMENTO 1104,215 13,514 11,772 104,215 3,514 1,772 
Colorado 361,002 10,553 7,180 118,078 1,368 1,911 1,133,077 56,694 21,855 
tert ebe geet, sosa. a a 574,392 935 1,873 1,537,926 41,052 61,211 
n ß ß f at cede. AN 288 1,18 80 
Kee Eecher, A ere 88 8,815,880 50,721 421,764 
Menn 8 31,037 55 210 47,447 1,457 
Nevada 673 13 28 103,384 12 48 108,310 127 864 
NS ius astas ³ ue adi a a, sid cde 168,723 28,688 ...... 
New Mexico 1,127,137 547 4 1,289,827 16,601 3,550 
New VO kosas a ai :ĩA˙Üꝗ ᷑ i 8 742,271 58,577 1,280 
A EA 8 8,297 785 370 72,664 2,650 797 
Oregon... ee 8 800 ...... (8) 800 ....... (8) 
h ³owu A 8 622,499 29,584 
South Dakota. .-------- ------- ------ 49 1 3 49 1 3 
Tennessee 1,680,070 10,838 vw ⁵ð2L ĩðâ 8 5,836,552 118,260 
Dll llus 115,762 3,101 5,117 11,322 58 155 583,760 34,688 45,377 
A iat Se bet uw AL A. adde y x a UE 670,395 18,068 3,356 
Washington... u. 888 (6) (6) (6) 661,872 11,956 6,784 
WISCONSIN pusu sas Deia ²iꝗꝑę pul a. win iaa la 149,488 20,634 161 
Other States 214,148 9,114 ...... 848,171 9,781 996 887,418 30,100 1,582 
Total 2,502,608 42,521 12,535 42, 741, 201 17,107 7,344 64,543,048 534,136 571,767 
Percent of 
total 
zinc-lead_ ......... 8 1 3 „ sqa 100 100 


a 1 Lead-zinc ore and ore from “Other Sources" combined to avoid disclosing individual company confidential 
ata. 
? Zinc and lead-zinc ores combined to avoid disclosing individual company confidential data. 

3 Includes minor amount of lead tailings commingled with ore at mill; excludes barium sulfate ore. 

* Includes lead recovered from barium sulfate ore. 

5 Lead and lead-zinc ores combined to avoid disclosing individual company confidential data. 

6 Zinc ore and ore from “Other Sources" combined with lead-zinc ore to avoid disclosing individual company 
confidential data. 

7 Lead and zinc recovered from copper, gold, silver, fluorspar, and uranium ores, and from smelter slags, mill 
tailings, and miscellaneous cleanups. 

8 Less than 1⁄4 unit. 
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Table 5.—Twenty-five leading zinc-producing mines in the United States in 1970, 
in order of output 


Rank Mine County and State Operator Source of zinc 
1  Balmat.................. St. Lawrence, N.Y...... St. Joe Minerals Corp... Lead-zinc ore. 
2 Eagle... . ... . . . 99 Eagle, Colo The New Jersey Zinc Co. Zinc ore. 
3  Friedensville.............. Lehigh, Pa............ .... o aoc Re Do. 
4 Sterling Hill.............. Sussex, N. JJ. o la . 8 Do. 
5 Young gg Jefferson, Tenn n American Zinc Co Do. 
6 Bunker HII! 8 Shoshone, Idaho........ The Bunker Hill Co Hearne ore, lead- 
zinc ngs. 
7  Austinville and Ivanhoe.... Wythe, Va The New Jersey Zinc Co. Zinc ore. 
8 Immel! Knox, Tenn........... American Zinc Co Do. 
9 Zinc Mine Works.......... Jefferson, Tenn......... United States Steel Corp. Do. 
10 New Market. do: Lens New Market Zinc Co... Do. 
11  Buick...................- Iron, Moo Miaou Lead Operat- Lead ore. 
ing Co. 
12 Edwards St. Lawrence, N.Y...... St. joe Minerals Corp... Zinc ore. 
13  Burgin................... Utah, Utah g Kennecott Copper Corp. Lead, lead-zine 
ores. 
14 Jefferson City............. Jefferson, Tenn......... The New Jersey Zinc Co. Zinc ore. 
15 Star- Morning Shoshone, Idaho. ....... Hecla Mining Co....... Lead-zinc ore. 


16 Ground Hog 


Crawford, Iron, and 
Washin gton, Mo 


19  Idarado...............-.. 


20 ` Copperhill................ 
21 Penobscot Unit 


Colo. 


22 Shullsbur ggg Lafayette, Wiss 
23 Fletcher Reynolds, Mo 
24 Flat Gan Hancock, Tenn 
25 Mascot No. 22G nox, Tenn nn 


Grant, N. Me 


Salt Lake, Utah United States Smelting 


Ouray and San Miguel, 
Polk, Tenn Tennessee Copper Co... 
i -- Callaham Mining Corp. . o. 
Em „„ Industries, 


— St. Joe Minerals Corp... 
-- The New Jersey Zinc Co. 
American Zinc Co. ..... Do. 


-. American Smelting Do. 


and Refining Co. 


(ASARCO) 


St. Joe Minerals Corp... Lead ore. 


Lead, lead-zinc 
ning and Mining ores. 


Co. 
Idarado Mining Co Copper-lead-zinc 
ores. 


88 ore. 
Zinc ore. 


Lead ore. 
Zinc ore. 


Table 6.— Primary and redistilled secondary slab zinc produced in the United States 


(Short tons) 
1966 1967 1968 1969 1970 
Primary: 

From domestic ores_...__. 523,580 488 , 553 499 ,491 458 ,754 403,958 
From foreign oresg. ...------------------- 501, 486 500, 277 521, 400 581,843 473 ,858 
CJ%Cõ⁰¹³ eee ee soe 1,025,066 938,830 1,020,891 1,040,597 877,811 
Redistilled secondary. _._ 20. 88,268 73, 505 79, 865 70, 553 77,156 

Total (excludes zinc recovered by re- 
meienr ees 1,108,329 1,012,885 1,100,756 1,111,150 954,967 


Table 7.—Distilled and electrolytic zinc, primary and secondary, produced in the 
United States, by methods of reduction 


(Short tons) 
Method of reduction 1966 1967 1968 1969 1970 

Electrolytic primar // 433, 576 371,267 398, 265 453, 539 893,280 
, e e doce as 591,490 567,563 622, 626 587 , 058 484 ,531 

Redistilled secondary: 
At primary smelt ers 71,560 58,341 67,101 60,607 65,776 
At secondary smelters_._._____. 11,708 15,164 12,764 9,946 11,380 
Total; CE 1,108,329 1,012,335 1,100,756 1,111,150 954,967 
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Table 8.—Distilled and electrolytic zinc, primary and secondary, produced in 
the United States, by grades 


(Short tons) 
Grade 1966 1967 1968 1969 1970 

778 ¡A ³oðU E 452, 722 436, 849 449, 659 468,792 401, 273 
E ec er cea dos 88 139,814 92,956 117,224 136,416 109,025 
Intermediate 23, 555 26,522 56, 686 57, 180 52, 480 
Brass specialal!ll 2... ....- 103,184 91,079 75,840 89,306 71,811 
Prime wes teen 389, 054 364,929 401,347 359, 456 320, 378 
Totalx osa: V.. sad 1,108,329 1,012,335 1,100,756 1,111,150 954,967 


Table 9.—Primary slab zinc produced in the United States, by States where smelted 


(Short tons) 
State 1966 1967 1968 1969 1970 
A Ehe 90,983 92,134 102,946 105,700 95,637 
Ill K 96,809 115, 659 119,657 131,243 110,835 
Montana. -__.-...---.---.------------------ 174,821 111,834 142,929 174,084 148,697 
Oklahoma ee cee 165,162 163,826 172,174 143,575 124,811 
Pennsylvania and West Virginia 291,403 271,192 302,884 286,164 222,096 
TEXAS ea i «% ·—˙é EE 205, 888 184, 185 180,301 199,881 175, „735 
Total oa x 2 EE 1,025,066 938,830 1,020,891 1,040,597 877,811 


Table 10.—Primary slab zinc plants by group capacity in the United States in 1970 


Slab zinc 
Type of plant Plant location capacity 
(short tons) 


Electrolytic plants: 


American Smelting and Refining Co. (ASARCO)......... Corpus Christi, Te ) 

American Zine o0o0o coco Sauget, II! 453, 000 

The Anaconda Company Great Falls, Montt 

The Bunker .. y o ned El Kellogg, Idaho. ............ 
Horizontal-retort plants: 

American Smelting and Refining Co. (ASARCO). ........ Amarillo, "Tex 

American Zine Co. Dumas, Teeekkk 

Blackwell Zinc Co., American Metal Climax, Inc. (AMAX). Blackwell, Okla 3 

National Zinc Coo Bartlesville, Okla__ 
Vertical-retort plants: 707 ,000 

Matthiessen & Hegeler Zinc Coo Meadowbrook, W. Va. 

The DN Jersey Zinc Cc oo Depue, Ill___ 

IA II m Palmerton, Pf 
St. Jos Minerals Cor: Josephtown, Pf 


Table 11.—Secondary slab zinc plants by group capacity in the United States in 1970 


Slab zinc 
Company Plant location capacity 
(short tons) 

American Smelting and Refining Co. (ASARCO)............- Sand Springs, Oklaa 
EE? Trenton, N.J...........-.- 
American Zine Co. Hillsboro, II 
Apex Smelting g ‚0‚‚‚O0‚‚‚‚O. bo EesPeieecinx de Chicago, D 
Arco Die Cast Metals Co---------------------------------- Detroit, Mich... ..........- 
W. J. Bullock, Inne Fairfield, Ali. oc 

General Smelting J)) l 88 Bristol, FFF 35,300 
Gulf Reduction C( ” OOo Houston, Tek 
IL. Kramer h ð El Segundo, Calif 5 
Pacific Smelting Cooꝛꝛ . . . eee Torrance, Cali. 
Sandoval Zine Co... Sandoval, III. 
Superior Zine Cord Bristol, Pa 


Wheeling-Pittaburgh Steel Corp: EE Martins Ferry, Ohio. ....... 
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Table 12.—Stocks and consumption of new and old zinc scrap 
in the United States in 1970 


(Short tons) 
Consumption 
Class of consumer and 5 Receipts F Stocks 
type of scrap Jan. New Old Total Dec. 31 
scrap scrap 
Smelters and distillers: 
New clippings.................... 113 527 DIT. ais 597 43 
G Rł· ˙¹˙ꝛ 471 6,510 ........ 6,242 6,242 739 
Engravers’ plates 245 8,245 .......- 3,202 3,202 288 
Skimmings and ashes 11,621 71,470 12.214. 2. uc 72,274 10,817 
Sal skimmingns sss 114 403 298 _. 298 219 
Die-cast skimmings. .............- 2,823 5,429 6,090 ........ 6,090 2,162 
Galvanizers’ dross. ............... 12,851 73,331 62,5 111 62, 581 23,601 
Diecastings.....................- 8,374 88,629 ........ 39,043 39,048 2,960 
Rod and die serap.....-------...- 1,227 1,902 ........ 2,270 2,270 859 
Flue dus 3,600 6,057 7,280 ‘23.4052 7,230 2,427 
Chemical residues 4,067 11,500 7,086 .......- 1,036 8,531 
/ AAA re ds 40,506 219,008 156,106 50,757 206,863 52,646 
Chemical plants, foundries, and other 
manufacturers: 
r ꝙ⁰ ao ss evedsce. Serna 
II a ease ooo 2 A 21 21 11 
Engravers REES, ` e. (e meca ⁊ 
Skimmings and ashes 2,290 9,868 8,786 .......- 8,786 3,372 
Sal skimmings................... 5,441 11,155 8,614 .......- 8,614 7,982 
Die-cast skimmings %%! ] m. . 8 
Galvanizera’ droi- eer eegen, ĩ ðæðm x 
Dieeastingea.. 18 869 ........ 373 373 14 
Rod and die scrap... ............. 14 1 ease 57 57 7 
Flue dust o. 489 8,620 090 é— 3,090 1,019 
Chemical residues 1,805 23,315 20,825 20, 825 3, 795 
„ A 9, 559 48,407 41,315 451 41,766 16,200 
All classes of consumers: 
New clippings...................- 113 527 59I AA 597 43 
Old E TEE 473 6,540 ........ 6,263 6,263 750 
Engravers’ plates 245 8,245 .......- 3,202 3,202 288 
Skimmings and ashes 13,911 81,338 81,060 ........ 81,060 14,189 
Sal skimmings. gs 5,555 11,558 8.912 ........ 8,912 8,201 
Die-cast skimmings 677 2,823 5,429 6,090 ........ 6,090 2,162 
Galvanizers' dross. ............... 12,851 13,3831 62,581 ........ 62,581 23,601 
Diecastings.....................- 3,392 38,998 ........ 89,416 39, 416 2,974 
Rod ne ie scra 1,241 19882 2,327 2,327 866 
A 4,089 9,677 10,820 ........ 10,320 3, 
Chemical residues 5,372 34,815 27,861 ........ 27,861 12,326 
d sionistas 50,065 267,410 197,421 51,208 248,629 68 , 846 


1 Figures partly revised. 


Table 13.—Production of zinc products from zinc-base scrap in the United States 


(Short tons) 
Product 1966 1967 1968 1969 1970 
Redistilled slab zinc. ..........................- 83 , 263 73,505 79,865 1 70,553 77,156 
TTT ³˙ A id 34,326 32,801 37,903 33,747 29,605 
Remelt spelterſ!,“Mu 2.2.22... 6,970 4,831 9,5 8,978 3,494 
melt die-cast sla A 13,003 14,520 14,570 16,979 16,686 
Zinc-die and diecasting alloys. ss 4,333 3,882 4,128 4,401 4,361 
Galvanizing stocks._..........--.--------------- 1,585 1,690 2,107 1,849 762 
Secondary zinc in chemical products. ............. 39, 884 38, 289 45, 654 45, 298 40, 668 


r Revised. 
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Table 14.—Zinc recovered from scrap processed in the United States, by kinds of 
scrap and forms of recovery 


(Short tons) 


Kind of scrap 1969 1970 Form of recovery 1969 1970 
New scrap: As metal: 
inc-base................. 134,668 131,859 By distillation: 
Copper-bagse 156,381 132,159 Slab zine 1424 68 ,677 15,453 
Aluminum base 3,494 3,145 Zinc dust. 33,241 29,191 
Magnesium- base 221 211 By remelting........ HOC 5,639 4,210 
Total; ere 294,764 267,374 Total aos ais 107,557 108,854 
Old scrap: In zinc-base alloys............ 19,980 19,703 
Zinc-base................. 40,284 41,255 In brass and bronze 196,244 168,625 
Copper-base.............- 37,975 27,868 In aluminum-base alloys. ..... 6,853 ; 
Aluminum base 3,288 2,959 In magnesium-base alloys __ 459 
Magnesium- base 80 71 In chemical products: 
— Zinc oxide (lead- free) 21,049 20, 186 
Total.. ---------------- 81,627 72,153 Zinc-sulfate.............- 1,986 : 
Zinc chloride 10,917 10,606 
Grand Lotal ......... 376,391 339,527 Miscellaneous. 1,346 705 
rr 268,834 230, 678 
Grand total 376,391 339, 527 
1 Includes zinc content of redistilled slab made from remelt die-cast slab. 
Table 15.—Zinc dust produced in the 
United States 
Value 
Short 
Year tons Total Average 
(thousands) per 
pound 
1966_______._. 55,485 $20,418 $0.184 
1967 ......... 50,273 18,098 .180 
1968......... 61,566 22,041 .179 
19699 55,055 21,361 .194 
19700 51,136 20,045 .196 
Table 16.—Consumption of zinc in the United States 
(Short tons) 
1966 1967 1968 1969 1970 
Sar ð ͤ ere r 1,423,666 71,250,673 71,350,656 71,885,380 1,186,951 
Ores (recoverable zinc content 1 126,696 1 114,301 1124,109 1 126,712 124,781 
Secondary (recoverable zinc content) 2 269,650 240,888 270,592 802,075 259 , 864 
AP OUG a e ee r 1,820,012 71,605,862 71,745,857 71,814,167 1,571,596 
r Revised. 


1 Includes ore used directly in galvanizing. 
2 Excludes redistilled slab and remelt zinc. 
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Table 17.—Slab zinc consumption in the United States, by industry uses 


(Short tons) 
Industry and product 1966 1967 1968 1969 1970 
Galvanizing: 
Sheet and strip....................- r 271,781 r 250,000 r 273,276 r 268 , 682 253 , 155 
Wire and wire rope 39,114 36,745 36,089 32,348 30,857 
Tubes and pipdddd/ 68,848 61,792 63,621 65,898 64,479 
Fittings (for tube and pipe) 10,150 11,768 13,801 11,418 9,498 
Tanks and containers 4,285 4,137 3,815 5,561 3,924 
Structural shapes 17 ,838 18,779 20,238 19,454 18,761 
Fasteners. oo ooo 4,340 4,234 4,826 5,536 5,318 
Pole-line hardware.................. 11,400 9,985 9,050 9,409 9,938 
Fencing, wire cloth, and netting...... 15,821 16,544 15,984 17,984 18,114 
Other and unspecified uses 59, 859 58,486 58,074 57,091 60,205 
COM ads exe edd eie r 509,436 r 472,470 r 498,774 r 493,381 474,249 
Brass products: 
Sheet, strip, and plate............... 97,095 67,237 86,185 90,771 61,672 
Rod and wire 60,079 40,759 49 ,888 56,989 41,459 
Tuba. A ³ð KA 88 12,148 8,884 9,818 10,923 9,086 
Castings and billet?ss 3,378 2,295 2,286 5,958 4,606 
Copper-base ingots. . ..............- 9,352 8,121 12,153 13,642 9,946 
Other copper-base products 3,500 4,241 1,576 1,175 978 
de IA 185,552 131,537 161,906 179 , 469 127,747 
Zinc-base alloy: 
Diecasting allo 596,371 525,960 551,896 565 , 889 453 , 490 
Dies and rod allo 495 420 807 504 87 
Slush and sand casting allo 9,170 8,738 10,243 10,048 10,059 
Total P 606,036 535,118 562,946 576,391 463 ,636 
Rolled zinc. ..........................- 52, 612 45, 443 48, 943 48,650 41,065 
Zinc oxide- --------------------------- 28 438 29,774 34, 937 41,447 43,829 
Other uses: 
Desilverizing lead. ................- 2,776 1,394 2,973 3,957 3,642 
Duo. meth A EA C 10,239 8,805 8,422 7,562 8,985 
mec MN 8 28,577 26,132 31,755 34,523 28,798 
TOM) le 41,592 86,331 43,150 46,042 36,425 
Grand total. ..................... r 1,423,666 71,250,673 71,350,656 71,885,880 1,186,951 
r Revised. 


1 Includes zinc used in making zinc dust, bronze powder, alloys, chemicals, castings, wet batteries, and mis- 


cellaneous uses not elsewhere mentioned. 


Table 18.—Slab zinc consumption in the United States in 1970, 
by grades and industry uses 


(Short tons) 
Special High Inter- Brass Prime ! 
Industry igh grade mediate special western Remelt Total 
grade 
Galvanizin g 24,103 24,080 1,697 106,171 315,985 2,213 474,249 
Brass and bronze 36,993 57,416 192 5,741 27,292 113 127,747 
Zinc-base alloys............ 460, 470 1,169 12 196 1,365 424 463 ,636 
Rolled zine 15,344 12,461 5. 829 7,431 ........ 41,065 
Zinc oxide 7,697 SOOO. A E A 29 752 43, 829 
Ohe a 14, 876 2,843 299 5,810 12,554 43 36, ,425 
Total- cias 559,483 104,349 8,029 117,918 394,379 2,798 1,186,951 


1 Includes select grade. 
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Table 19.—Rolled zinc produced and quantity available for consumption in the 


United States 


1969 1970 
Value Value 
Short — Short — O 
tons Total Average tons Total Average 
(thou- per (thou- per 
sands) pound sands) pound 
Production: 1 
Photoengraving plate 10,745 $7,958 $0.370 10,364 $7,812 $0.377 
Other plate over 0.375 inch thick... W W W W W W 
Sheet zinc less than 0.375 inch thick. W W W W W W 
Strip and foil.................... 31,970 14,151 .221 23,570 12,052 .256 
Rod and wire W W W W W W 
Total rolled zine 46,540 25,850 .278 39,234 25,447 .924 
Epor d e omuia ce os 2,714 1,746 322 1,412 1,173 .415 
Is E 966 418 216 692 419 303 
Available for consumption.............- 44,97 BS 016: pect sees msn ala 
Value of slab zinc (all grade) A eet, ege enl .153 
Value added by rolling ak 2 ur cia ceci .171 


W Withheld to avoid disclosing individual company contidential data; included in total. 
1 Figures represent net production. In addition, 24,388 tons in 1969 and 18,076 tons in 1970 were rerolled 
from scrap originating in fabricating plants operating in connection with zinc-rolling mills. 


Table 20.—Slab zinc consumption in the United States in 1970, 


by industries and States 
(Short tons) 


State Galvanizers Brass Die- 
mills ! casters ? 


W 
AAA 88 43,633 22,796 76,509 
Haar ĩ ²˙· y 56,488 W 24,954 
fo; MT ur E ` nus dE E 
e cC ("x W W 
Fenk S EIE Mc E W We uses 
ü! mecs esc J lc e mee 
A NER EE W Sua Sees 
, ß F;], Be A 
Massachusetts 3,079 Wo Lesser 
Michigan. A es W 12,370 110,159 
Minnesota W Wo S uz u us 
Mississippi J ³¹¹ ] maso sal 
Missouri_____ Ll 2-22 22.22 l22-- 11,221 W 7,854 
Malt. a eria esca Noni eier 
Nebraska... eese 1,375 W MN et 
New Hampshire MW ctii e 
NewJersey___ 2,809 5,327 W 
New /§³ẽa % 0 2552 11,208 W 66,817 
North Carolina y AM W 
?... IA CSS 90,370 W 61,751 
Oklahoma. ai 8:422. ee 
Orr rex 725 W W 
Pennsylvania___ 2-2... 62,929 12,647 22,970 
Rhode Island. ......................- J (und i EE 
South Carolina % K duos Emi ena 
Tennessee... o. W nee oe W 
Toris 25 y wan cc 14,261 W W 
tali icc ccu r es „ 
A maur W W W 
Washington-------------------------- BGS: EE 
West Vireinia 28,681 NN 
Wisconsin. ___ 2222222222222 1,380 W 9,023 
Undistributed 60,719 41,935 69 , 802 
Total oda z ucu uu dd la 472,036 127,634 463,212 


23,210 166,148 
W 112,947 
W 1,090 
W 
W 1,670 
W 
W „079 
W 126,906 
e 354 
W 20,918 
W 
W 2,088 
W 15, 558 
W 92,394 
W 
W 160, 086 
W 12,869 
W 826 
52, 655 151,201 
W W 
See ease W 
W 2,690 
W 41,341 
3 W 
W 989 
489 1,357 
W 32.071 
W 16,575 
43,816 76,074 


121,276 1,184,158 


W Withheld to avoid disclosing individual company confidential data; included with “Undistributed.” 


1 Includes brass mills, brass ingot makers, and brass foundries. 

2 Includes producers of zinc-base alloy for diecastings, stamping dies, and rods. 
3 Includes slab zinc used in rolled zinc products and in zinc oxide. 

4 Excludes remelt zinc. 
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Table 21.—Production and shipments of zinc pigments and compounds 1 in the 
United States 
1969 1970 
Shipments Shipments 
Pigment or Produc- Produc- 
compound tion Value ? tion Value ? 
(short Short —— _— — p .Kn (short Short 
tons) tons Total Average tons) tons Total Average 
(thou- per (thou- per 
sands) ton sands) ton 
Zinc oxide 220,858 219,723 $65,492 $298 223,769 213,283 $58,531 $274 
Leaded zinc oxide 29::D 4,949 6,956 1,609 231 5,201 6,951 1,588 228 
Zinc chloride, 50? B. 47,909 48,909 W W 46,834 45,444 W W 
Zinc sulfate... ..........- 68,482 64,592 12,135 188 53,170 54,069 7,225 134 
W Withheld to avoid disclosing individual company confidential data. 
1 Excludes lithopone; figure withheld to avoid disclosing individual company confidential data. 
2 Value at plant, exclusive of container. 
3 Zinc oxide containing 5 percent or more lead is classed as leaded zinc oxide. 
4 Includes zinc chloride equivalent of zinc ammonium chloride and chromated zinc chloride. 
Table 22.—Zinc content of zinc pigments 1 and compounds produced by domestic 
manufacturers, by sources 
(Short tons) 
1969 1970 
Zinc in pigments and com- Total Zine in pigments and com- Total 
Pigment or pounds produced from— zinc in pounds produced from— zinc in 
compound pig- pig- 
Ore Sec- ments Ore Sec- ments 
Slab ondary and —————————— Slab ondary and 
Domes- For- zine mate- com- Domes- For- zinc mate- com- 
tic eign rial pounds tic eign rial pounds 
Zinc oxide 82,643 28,949 41,362 28,115 176,069 $82,446 24,827 43,829 27,851 178,953 
Leaded zinc oxide 1,705 1,589 ...... ...... 3,244 1,531 1,977 ...... ...... ,508 
Total..... 84,348 25,488 41,362 28,115 179,313 83,977 26,804 43,829 27,851 182,461 
Zine chloride 24. W 11,682 ...... ...... W W 10,607 
Zinc sulfate...... 5,508 5,842 ...... 10,897 21,742 3,548 4,780 ...... 8,156 16,434 


W Withheld to avoid disclosing individual company confidential data. 
1 Excludes zinc sulfide and lithopone; figures withheld to avoid disclosing individual company confidential 


ata. 
? Includes zinc content of zinc ammonium chloride and chromated zinc chloride. 


Table 23.—Distribution of zinc oxide and leaded zinc oxide 
shipments, by industries 


(Short tons) 
Industry 1966 1967 1968 1969 1970 
Zinc oxide: 
Ruben Seet See, 104 , 866 94,388 111,797 115,988 111,421 
Paints AAA An 27,100 24,547 25,864 ,170 21,894 
Ceramics AAA 12,147 9,850 10,226 9,46 9,011 
emicals. .....................- 13,678 17,509 22,769 22, 775 9,435 
Agriculture 1,559 5,048 5,044 4,007 2,246 
Photoeopving . 11,405 14,039 21,564 27,566 31,850 
Other. U ĩð ee 22,910 16,105 16,562 14,748 17,426 
Total ositos 193 ,665 181 , 486 213 , 826 219,723 213,283 
Leaded zinc oxide: i 
a nl l uu A eee oe 10,462 8,644 6,356 4,905 5,212 
C 1,095 1,662 1,689 2,051 1,789 
Other and unspecified... .......... , , , , ] 
qn AAA d cid 11,557 10,306 7,995 6,956 6,951 
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Table 24.—Distribution of zinc sulfate shipments, by industries 
(Short tons) 


- Rayon Agriculture Other Total 
ear — F — — — — 
Gross Dry Gross Dry Gross Dry Gross Dry 
weight basis weight basis weight basis weight basis 
1966. ........... 18,659 16,562 19,334 16,891 13,705 9,372 51,698 42,825 
1901... 8 W W 17,156 14,803 31,644 24,742 48,800 39,545 
1968 AAA W W 20,472 17,631 39,175 1 30,265 r 59,647 r 47,896 
196899. W W 19,029 16,424 45, 563 133,861 64, 592 r 50, 285 
9 00ĩo 8 W w 17,213 14,803 36,856 26,572 54,069 41,375 
r Revised. W Withheld to avoid disclosing individual company confidential data; included with “Other.” 


Table 25.—Stocks of zinc-reduction plants in the United States, Dec. 31 
(Short tons) 


1966 1967 1968 1969 1970 
At primary reduction plants 63,626 81,307 64,695 764,908 97,516 
At secondary distilling plants. ..................- 1,172 609 684 885 738 
WD OA oie oes —— ECCLE 64 , 798 81,916 65,379 165,788 98,314 
r Revised. 
Table 26.—Consumer stocks of slab zinc at plants, Dec. 31, by grades 
(Short tons) 
Special High Inter- Brass Prime 
Date igh grade mediate special western Remelt Total 
grade 
Dec. 31, 1969 Kr 38,595 8,397 628 8,643 45,565 179 102,007 
Dec. 31, 1970______________ 36,617 6,866 974 7,014 37,908 172 89,551 
r Revised. 


Table 27.—Average monthly quoted prices of 60-percent-zinc concentrate at Joplin, 
and common zinc (prompt delivery or spot), East St. Louis and London 1 


1969 1970 
60-percent- Metallic zinc 60-percent- Metallic zinc 
zinc con- (cents per pound) zinc con- (cents per pound) 
Month centrates | ————————————————  centrates | —— n. 
in the Jop- East in the Jop- East 
lin region St. Louis London? lin region St. Louis London? 
(per ton) (per ton) 
Aru; 22022. 052A $84.00 13.84 12.19 $100.00 15.50 18.72 
Fbrunn 84. 00 14. 00 12.1 100.00 15.50 13.51 
Match. uuu A 88.00 14.00 12.27 100.00 15.50 13.44 
ol A ß 88.00 14.02 12.35 100.00 15.50 13.31 
A A AA 92.00 14.50 12.62 100.00 15.50 13.24 
AT, (EE 92.00 14.50 12.73 100.00 15.50 13.29 
Jüly ites A E ee 92.00 14.50 12.84 100.00 15.50 13.39 
AUQUEL. 2 92.00 14.50 13.17 100.00 15.33 13.45 
September. 96.80 15.38 13.42 100.00 15.00 13.49 
October 100. 00 15. 50 13. 53 100.00 15.00 13.83 
Novembe rr 100. 00 15. 50 14.01 100. 00 15.00 13.14 
December F 100. 00 15. 50 14. 04 100.00 15.00 13.00 
Average for year 92.40 14.55 12.96 100.00 15.82 13.42 


1 Joplin: Metal Statistics, 1970. East St. Louis: Metal Statistics, 1970. London: Metals Week. 

2 Conversion of English quotations into U.S. money based on average rates of exchange recorded by Fed- 
den jener ve Board. Average of daily mean of bid and asked quotations at morning session of London Metal 

xchange. 
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Table 28.—U.S. exports of slab and sheet zinc, by countries 


1968 1969 1970 
Destination Short Value Short Value Short Value 
tons (thou- tons (thou- tons (thou- 
sands sands) sands) 
Slabs, pigs, and blocks: 
Australia 1 31 20 $6. ncs. 8 
, a da 326 165 670 191 69 $34 
Iii E 130 46 69 22 29 10 
Colombia 2 5 2 2 | Spa 8 
ermany, West 4 2 17 8 22 4 
lh dE ee, ore 13 20 8 
Maso oa ĩͤ k dad cio 32,345 9,507 8,409 JJ. AAA 
J al esp Sir cti y y ææ , . dd èͤ v ]ð -v Ses 
Liberi MM I c c e 8 1 21 9 
Netherlands 2 1 2 1 21 4 
Philippines 122 35 5 S gem prc e 
JJ . ⁵ y uci. e. a oie 41 7 
ill ⁵ĩðüñ 23 ll AA ĩͤ v 8 
Venezuela. .............- ere e 7 4 26 9 33 12 
Oo 8 34 19 62 29 32 26 
M ˙ðäÄ d 33,011 9,797 9,298 2,612 288 114 
Sheets, plates, strips, or other forms, 
n.e.c.: 
Argentina n 8 38 32 22 20 41 35 
Australia 32 26 1 2 3 4 
Eet 18 7 6 4 6 
Canada......................... 1,976 1,414 1,188 909 1,006 825 
ir A 27 27 21 5 5 
Colombia 69 64 18 15 17 18 
Denmark -------------a 12 10 Ot, eee E 
ermany, Wes 115 84 27 7A 0 ER 
India AA A 1 361 164 ul. muaa Sus s 
Israel u Steir ai sun ee 86 26 5 4 1 1 
( ˙·¹d m 17 18 14 13 13 11 
del zealand 6?vꝛ am ats un a 7 7 5 12 11 
MYS A A 8 177 90 779 346 23 20 
Philippines NOM Speers ee AA 9 7 1 1 1 
South Africa, Republic o 87 76 1 14 11 
Iii. ĩðVĩb 8 47 34 38 22 54 25 
Venezuela____ 103 94 87 81 87 79 
OUNCE A IA 267 200 134 114 131 121 
gs AA 3,048 2,228 2,714 1,746 1,412 1,173 
Table 29.—U.S. exports of zinc, by classes 
Slabs, pigs, or blocks Sheets, plates, strips, Zinc scrap and dross Semifabricated 
y or other forms, n.e.c. (zinc content) forms, n.e.c. 
ear A _ _ ___ —ũ——⁴  — o—OM P. A/A 
Short Value Short Value Short Value Short Value 
tons (thou- tons (thou- tons (thou- tons (thou- 
sands) sands) sands) sands) 
19688 33,011 39,797 3,048 $2,228 2,293 $886 15,000 $3,840 
1989... 8 9,298 2,612 2,714 1,746 1,989 716 28, 810 6,321 
1970 ess 288 114 1,412 1,173 3,112 1,049 25, 528 5,635 
Table 30.—U.S. exports of zinc pigments 
1969 1970 
Kind 
Short Value Short Value 
tons (thousands) tons (thousands) 
Zinc EIERE odiada idad 3,779 $1,341 6,326 $2,343 
ede ari ie 1,086 800 ,54 523 
Jr AAA 4,865 1,641 7,867 2,866 
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Table 31.—U.S. imports of zinc, by countries 


1968 1969 1970 

Country Short Value Short Value Short Value 

tons, (thou- tons (thou- tons (thou- 

sands) sands) sands) 

ORES 
Austral ccoo coa 2,267 $410 2,940 $628 2,324 $518 
LI A A 6,011 1,004 2,069 347 2,904 439 
Canada... uU ĩ 310, 586 46,625 367,529 54,213 317,992 47,153 
h ĩðVÄſſ 74 15 421 76 : 201 
Germany, Wes 5,942 SSL A E 
Guatemala aora. ] ² T epa iu 525 79 4 1 
ee, ß cc 12,959 1,759 15,272 2,138 19,267 2, 845 
/ ³·ð¹⁵ ⁰⁰ dod l LOS. 142,313 16,352 143,747 17,001 128,949 16,921 
Die ee, ß Sus 15,715 1,426 5,9 GÍA: nuda. quisas 
Netherlands. ......................-- 8,313 I/ 8 
e ß A 39 , 899 6,071 57 , 087 8,597 48,037 7,644 
South Africa, Republic of 4,287 643 6,525 866 5,096 : 772 
VV Sus ene K 17 1 130 18 
/ A 543, 366 75,604 602, 120 84,560 525,759 76,512 
BLOCKS, PIGS, OR SLABS 
Australia 0.00 cocos ito aa 19,915 4,627 34,237 8,896 30,335 9,359 
Belgium-Luxembourg. ...............- 16,500 4,080 13,296 3,416 14,371 8,876 
Canada ec o eS r116,874 30,186 148,851 139,578 120,611 34,329 
Congo (Kinshasayyooyh⸗g 8,146 1,850 10,621 2,742 6,300 1,695 
Germany, ͤ // cuss areas arcos. e ` 3,198 886 
AET oT: EE 45,785 11,115 52,502 13 ,239 32,525 8,764 
Eed 19 ,034 4,150 12,092 2,642 7,858 1,746 
Mozambique 1,098 267 1,256 301 661 170 
Netherlands ↄ˙n. Ä .,... TP ͥ 0 ah ³·-w-wr o 7,725 2,143 
// o» adde . ote Ge 6,272 1,555 4,481 1,206 1,343 395 
Perü- 2-2 ek 8 58,729 13,655 30,204 8,201 31,923 9,143 
Poland MAA tate Seeds bas e 9,454 2,366 9,495 2,498 7,129 2,284 
PUG... ³² o a 2,877 J occ ͥ . yk wm 8 
United Kingdom1mn . r 3,261 r 760 r 1,041 r 259 1,054 294 
% AAA / d (Su uu us Š 385 93 

KA A MAIS 277 63 3,817 953 1,773 493 
G;or%—⁵˙ md wmv 1, 404 345 r 2,498 r 597 3,393 937 
Total cease ee eee eis r 304,576 :75,710 r324,776 r84,621 270,413 76,546 
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Table 32.—U.S. imports for consumption of zinc, by countries 


1968 1969 1970 

Country Short Value Short Value Short Value 

tons (thou- tons (thou- tons (thou- 

sands) sands) sands) 

ORES 1 
Algefilü. coL duke eee eee E 727 ö·Ü—ũ3⁵vi eps is ia 
Australia 1,236 235 4,387 700 1,893 $366 
Bolivia. tama 8 8,619 1,455 9,407 1,489 4,09 595 
Canada. ß cos es 301,306 44,459 326,929 48,552 263,287 40,230 
Chiles ona e o uso Lee 1,025 213 1,33 267 
Germany, Wes 3,701 658 0,438 1,688 
Honduras cc. ns2c : 925 11,517 1,614 10,001 1,842 
Mexico aut: ¿oca rcu nr uywa 101,554 11,204 141,720 16,036 101, 871 13,430 
Morocco. .. . . 8 15,675 1,897 ,8 BIS. ͤö 
Netherlands 3,313 418 cunc lw pida anita. ia 
POR A ð ĩͤ Z ao 40,237 7,368 54,925 8,591 51,269 8,330 
South Africa, Republic of 5,466 857 1,959 421 5,04 764 
Swedi Su 2... monemus AAA emba 593 00 tee caes aaa 
A A 8 13 2 223 30 1, 542 202 
TOA locus ita is 484,803 68,971 565,234 79,242 450,770 67,164 
BLOCKS, PIGS, OR SLABS 
Australa. 19,915 4,627 34,237 8,896 30,335 9,359 
Belgium-Luxembourg. ................ 16,611 „109 713,296 r 8,416 14,371 876 
n.. ae r 116,874 1 30,186 148,851 39,578 120,611 84,329 
Congo (Kinshasa)..................-.- 8,146 1,850 10,621 2,742 6,300 ,695 
Germany; / ³ AAddſddddꝓddddddddddddddWſſãê 88 . 442 122 
/ ee Sum ĩ u T eee 45,795 11,115 52, 502 13,239 32,525 8,764 
Mexico o oce y EE 19,034 4,150 12,092 ,642 7,358 1,746 
Mozambique 1,098 267 1,256 301 661 170 
/ ã ꝰↄ² .. ti ne asia! ͥ add .. aaa 200 56 
NEE ee Ee 6,272 1,555 4,481 1,206 1,343 895 
7) A TUE 53,729 13,655 30,204 8,201 81,923 9,143 
8 J7.ͤͤ 8 9,454 2,366 9,495 2,498 7,729 2,284 
Span NN 8 2,877 !( eee d ĩͤ 
nited Kingdom r 3, 261 r 760 r1,041 r 259 1,054 294 
% ( O la 8 88 93 114 82 
Zambia MSIE ENS 277 63 3,799 949 1,773 493 
GGö;˙—ĩ½—ͤ kd m 1.404 345 r 2,498 r 597 3,393 987 
Totals cit 88 r 304,687  r75,739 * 324758 r 84,617 260,132 78,695 
r Revise 


d. 
! Does not include zinc ores and concentrates imported for refining and export; 1968: Canada 10,496 short 


tons ($1,586,637); Morocco 410 short tons ($56,875). 1969: Canada 16,235 short tons ($2,440 467); Mexico 
16 short tons ($5,498); Morocco 243 short tons ($22,045). 1970: Canada 18 ,932 short tons ($2, 748,599); Mexico 
565 short tons ($102 ,213); Morocco 145 short tons ($10 918). 


Table 33.— U.S. imports for consumption of zinc, by classes 


Ore (zinc content) 


Blocks, pigs, and slabs 


Sheets, plates, strips, 
and other forms : 


Short Value Short Value Short Value 
tons (thousands) tons (thousands) tons (thousands) 
1968........ 484,808 $68,971 r 304, 687 r $75,739 754 $290 
1969........ 565,234 79,242 r 324, 758 r 84,617 r 840 r 380 
19700. 450, 770 67,164 260,132 73,695 692 419 
Old and worn out Dross and skimmings Zinc dust Pa, 
value 
Short Value Short Value Short Value (thousands) 
tons (thousands) tons (thousands) tons (thousands 
1968 878 $119 581 $63 8,100 $2 ,443 r $147,625 
1969........ 1,770 255 716 67 8,251 2,652 167,213 
19700 1,497 192 418 92 9,359 3,161 144, 728 
r Revised. 


1 In addition, manufactures of zinc were imported as follows: 1968-5446, 555; 1969-1 $489,430; 1970- 


$1,276,276. 
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Table 34.—U.S. imports for consumption of zinc pigments and compounds 
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1969 1970 
Kind 
Short Value Short Value 
tons (thousands) tons (thousands) 
KARTEN 14,565 $3 ,059 12 ,073 $2 , 764 
Zine Sleigh ege 355 119 349 109 
Lithopóné- 2. uuu real aloe 261 40 77 19 
Zine chloride- .----------------------------- 1,367 233 1,151 228 
Zinc eultiate -2-2222 6,236 675 6,298 651 
¡A ³·W.i ³oð-wm vr r 8 124 88 143 96 
Zine compounds, n.8.pP.f._------------------------- 610 267 675 239 
JS AAA A n le ee 23,518 4,476 20,766 4,106 
Table 35.—Zinc: World mine production (content of ore), by countries 
(Short tons) 
Country ! 1968 1969 1970 p 
North America: 

A A II 1,273,261 1,316,416 1,365,991 
Guatemala ß os ici 1.026. cursan 
Hondüra AA A 8 16,295 17,644 22,090 
MEXICO: oa tr e a cs LA c 264,678 279,298 291,379 
Bh E EE 529 ,446 553,124 534,136 

South America: 
o cen O O A r 29,016 34,927 42,990 
11 AAA AA AE 12,371 28,875 51,239 
A A A IA 5,264 5,952 e 13,900 
Chile eic leue A er ĩͤ-v vv AT Be eee 1,383 1,629 1,456 
ee ðᷣ owes 717 466 e 429 

UE Ee EE ð 8 126 229 e 230 

EE EEN 321,218 331,027 348,893 
Europe: 
E c em e ihe ice A LL pupusa gat r 13,889 15,690 17,314 
Bulgaftia.--.—.- Al / ]⁰]³Ü¹wꝛꝛäſſ E LL r 82,122 84,878 e 99,000 
Czechoslovakia r 10,858 11,530 e 11,600 
Finland: > ea is o y 8 72,091 78,044 69,015 
France EE EE r 24,037 22,156 20,503 
Germany, East oe r 11,000 11,000 11,000 
Germany, West. r 121,686 122,069 135,227 

J.. i e O ADA r 11,477 10,128 10,325 
FPIQ6g8 rye coca ta ic cid 8 3,900 5,300 ,90 
A AA cu ei e A ee erii: r 55,698 107,453 106,873 
EE r 154,323 145,836 120,262 
o A Üñ.. ð id ð : %¾ v ĩͤ 13,052 12,333 e 11,650 
Poland. i a et a d é r 180,889 188,275 209,329 
eee A 398 ,203 2,155 
AA «˙˙ ð ñ EEN 28,000 83,000 43,900 
ee A Lut . 82,230 92,978 105,171 
Sweden tt Lt ui eA OL EE E E AE r 89,641 99,318 103,397 

SS EE 8 r 595,000 672,000 672,000 
Yugoslavia.. ee eee 105, 242 106, 624 111,493 

Africa: 
Algeria eases Joh o irse id r 21,140 22,587 18,689 
Congo (Brazzaville) r 800 400 80 
Congo (Kinshasa)õõohh 119,342 95,503 115,833 
Morocco- S S S lo ee ee ee ee ee eee ee ee eee 35,033 37,343 9,928 
South Africa, „ acuda tornasol e es. -MoM ° 
South-West Africa, Territory of 32. 27,332 51,412 73,640 
III taa a ah Sata, Sales bata r 5,623 10,313 9,612 
"T Zambia (smelter). -2-22a r 57, 732 55, 297 58, 925 
sia: 
Bull: ᷑ĩ ð r 5,088 5,393 4,483 
China, mainland e 2222222 LL eee 110,000 110,000 110,000 
III! ]ẽ ß; ̃ „68 8,165 „090 
Iran 8 r 59,472 r e 58,600 e 63,600 
AKT EE o Su Doe ELE 291,389 296,979 308,293 
Korea, North e... et a ⁰—.: d= E AN r 132,000 138,000 148,000 
Korea, Republic o.. 21,819 22,688 26,433 
Philippines 2, 472 3,622 8,517 
Thailand e____...__.__________________ S s s s 2222222222 1,200 800 600 
Turkey 7 x r 11, 100 25, 100 23, 400 
Oceania: Australia o ooo r 465,609 559, „031 533 , 731 
Total d EEN r 5,483,540 5,891,661 6,060,604 
e Estimate. p Preliminary. r Revised. 


1 In addition to the countries listed, North Vietnam also produces zinc, but available information is inadequate 


to make reliable estimates of output levels. 
2 Recoverable. 
3 Data for year ending June 30 of that stated. 
4 Year beginning March 21 of year stated. 
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Table 36.—Zinc: World smelter production, by countries 


(Short tons) 
Country ! 1968 1969 1970 p 
North America: 
A A eee ccs 426,932 466,356 460,663 
JJC!!! e toas 88,227 88,477 88,915 
III;. ⁵⁰⁵ ĩð 8 — 1,020,891 1,040, 597 877,811 
South America: 
F ⁰oͥſ AA E r 23,080 27,115 35,274 
Brazil AAA A 88 3,866 5,497 e 11, 600 
Perito. 5 AATtgfßkdßdß0ßä . 8 72,519 68 , 649 75,717 
Europe: 
AUBA Si ͤ ] ˙ A 16, 859 17,121 17,657 
Belgium?! c onsec a um y ( 88 r 274,456 287,254 265,877 
SUE AAA LTU 82,783 83,555 e 86,000 
Finland ciecosa one Sau a a é 1,195 61,531 
A A AAA IMA r 228,635 279 , 480 250,555 
Germany, East u M r 17,000 18,000 17,300 
Germany, Weeꝶtrtrtrtt eee a r 159,116 162,195 165,593 
Haly cat ß lia Ede 123,761 143,654 . 156,618 
/h ð e ees r 46,381 51,397 50,952 
NOPWAV Z= ͤ¹öÜuͥj.. em mm 8 66, 260 64, 788 67,704 
JJöGõͤõĩõĩ³757(1bĩ0ů0ù ð-y ⁰ ⁊è y ⁊ A 223, 200 228,700 230, 400 
RHomahid*5.-- ! xf 28, 000 33,000 43,900 
sj FCD E A PECES PEE r 83,099 88,513 98,328 
JJ)! ³˙ꝛ lc ut iz a E eS 634 , 000 672 ,000 672 ,000 
United ; ͥ ⅛ • abre ss ins eels r 157,500 166,441 161,595 
YUgOBlaVIR EE 87,058 89 ,352 71,676 
Africa: | 
Congo (Kinshasa) 68 ,975 70,252 70,272 
South Africa, Republic of ----------- 13,057 40,234 
ne Ass NERONE ñ⁵ ˙ ͤ--W-A ]7; u ĩð Ä ꝛ 8 r 57,732 55,297 58 ,925 
ia: 
China, mainland (refined) 100,000 100,000 110,000 
Indii- eege 22,817 25,409 25,805 
Jõö.·iÜ.ÿ yy mtr oe ee as 667 , 510 785,051 745,437 
Korea; North.... EE AE 88,000 66,000 99,000 
Korea, Republic oaaũjIʒIlu „„ ̃ 2, 705 2, 546 2, 535 
Oceania: Australa „„ 229,591 271, 525 287,255 
Totalocasio ß te r 5,100,953 5,472,473 5,407,129 
e Estimate. p Preliminary. r Revised. 


1 In addition to the countries listed, North Vietnam also produces zinc, but available information is inade- 
quate to make reliable estimates of output levels. 
2 Includes production from reclaimed scrap. 


Zirconium and Hafnium 


By Robert G. Clarke * 


Zircon production and sales by domestic 
mining companies were about 20 percent 
less in 1970 than in 1969, but imports 
were only slightly less than in 1969. Ouput 
of zirconium sponge metal decreased, but 
production of zirconium-bearing com- 
pounds for chemicals and refractories in- 
creased. 

Legislation and Government Programs.— 
The Statistical Supplement to the Stock- 


pile Report to the Congress, Dec. 31, 1970, 
showed no objectives for zirconium and 
hafnium materials. Stocks of the 16,114 
tons of Brazilian baddeleyite, 1,720 tons of 
zircon, and 1 ton of zirconium metal pow- 
der are in excess. The U.S. Atomic Energy 
Commission (AEC) had 1970 yearend in- 
ventories of approximately 1,060 tons of 
zirconium sponge, 65 tons of Zircaloy as 
ingot, and 39 tons of hafnium crystal bar. 


Table 1.—Salient zirconium statistics in the United States 


(Short tons) 
Product 1966 1967 1968 1969 1970 

Zircon: 

Production W W W W W 

¡A EA case E Sg 2,311 2,729 2,026 5,395 4,335 

e d WEE 57,976 59,303 59,900 95,414 94,759 

Consumption °___ nn 132,000 134,000 143,000 160,000 145,000 

Stocks, yearend, dealers and consumers 1. 38, 000 48,000 46,000 r 53,000 52,000 
Zirconium oxide: 

Production ...... 2... . 2.2.2 - 2... ee 4,000 r 9,865 3,864 5,702 4,957 

Producers’ stocks, yearend 222 1,169 r 1,267 1,077 1,005 1,050 


e Estimate. r Revised. 
1 Excludes foundries. 


W Withheld to avoid disclosing individual company confidential data. 


2 Excludes oxide produced by zirconium metal producers. 


DOMESTIC PRODUCTION 


Byproduct zircon from the processing of 
titanium-mineral-bearing sands was ob- 
tained at the dredging and milling facili- 
ties owned and operated by E. I. du Pont 
de Nemours & Co., Inc., near Starke, Fla., 
and by Humphreys Mining Co. for Du 
Pont, near Folkston, Ga. Production data 
are withheld from publication to avoid 
disclosing individual company confidential 
data. 

Statistical data on the production of zir- 
conium sponge, ingot, and scrap and on 
hafnium sponge and oxide are also with- 
held to avoid disclosure of company confi- 
dential data. Zirconium powder and alloy 
production and also zirconium sponge 


metal production were about 40 percent of 
that of 1969. 

Four firms produced 45,800 tons of 
milled (ground) zircon, an increase of 2.2 
percent over 1969 production. Four compa- 
nies, excluding those that produce metal, 
produced 4,957 tons of zirconium oxide. 
Production of zirconium-bearing refracto- 
ries totaled 30,500 tons, of which the zir- 
conium oxide content varied from 33 per- 
cent to 90 percent. Hafnium crystal bar 
output, which is produced by several firms, 
amounted to 35 tons, compared with 28 
tons in 1969. 


1 Physical Division of Nonmetallic 


Minerals. 


scientist, 
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Table 2.—Producers of zirconium and hafnium materials, 1970 
Company Location Materials 
ZIRCONIUM MATERIALS 
Amax Specialty Metals, Ine Akron, N. X Ingot. 
DO uo Parkersburg, W. Va....- Sponge metal. 
The Carborundum Co____.._.-.-.-..---------- Falconer N. Refractories. 
Corhart Refractories Co Buckhannon, W. Va Do. 
DO ds ol dic 8 Corning, N.Y........... Do. 
Ole See eee tetas A cet Louisville, K yy) Do. 
Foote Mineral Co... Cambridge, Ohio. ....... Alloys 
¿AAA y Exton, d Metal ‘powder. 
A. P. Green Refractories Co., Remmey Division. - Philadelphia, Da AAA Refractories. 
Harbison-Walker Refractories Corsi cae as Mount Union, Pa Do. 
Harvey Aluminum, Inc......................- Torrance, Cali Ingot. 
M T Chemicals, J.. ³ĩVAr²%ꝛ k ada Andrews, S.C. .........- Milled zircon. 
National Lead Co., Titanium Alloy Manufacturing 
Div. (TAM). ß passe Niagara Falls, N.Y...... Milled zircon, chloride, oxide, 
other compounds, powder, 
alloys, refractories. 
Norton dd. Se TRE EE Huntsville, Al. Oxide 
Ohio Ferro-Alloys Cord Brilliant, Ohio. ......... Alloys. 
Frank Samuel & Co., Inc Camden, . Milled zircon. 
Tizon Chemical Corp v!!! z oa Aegis Flemington, N. J. Oxide, other compounds. 
The Charles Taylor Sons Coo Cincinnati, Ohio Refractories. 
8 SE South Shore, Ky. ....... Do. 
Transelco, Ine. Dresden, N.Y........... Lord compounds, ceramics, 
alloys. 
Union Carbide Cord Alloy, W.Va., and Niagara 
Falls, N. K Alloys. 
Ventron rr idol docu Beverly, Mass Do. 
Wah Chang Albany i Albany, Oreg- --.-------- Oxide, chloride, sponge metal, 
ingot, powder. 
Walsh Refractories Corp___ St. Louis, Moo Refractories. 
Zirconium Corp. of America Cleveland, Ohio Oxide and refractories. 
Continental Mineral Processing Cor Sharonville, Ohio Milled zircon. 
HAFNIUM MATERIALS 
Amax Decay Metals, Ine Akron, N. . Sponge metal, crystal bar. 
EE Parkersburg, W. Va... Oxide. 
Nuclear. Materials & Equipment Corp Leechburg, Pa. ......... Crystal bar. 
Wah Chang Albany Corp zꝛz Albany, Oreg........... Oxide, sponge metal, crystal 


bar, ingot. 


CONSUMPTION AND USES 


Zircon consumption in the United States 
in 1970 was estimated at 145,000 tons. Con- 
sumption of zircon concentrate and milled 
zircon was 100,000 tons for foundries, 
22,000 tons for refractories, and 23,000 tons 
for all other uses. 

Preliminary Bureau of Census figures for 
1970 show that shipments of zircon and 
zirconia brick and shapes made predomi- 
nantly of either of these materials totaled 
1.8 million brick, expressed in terms of 
equivalent 9-inch bricks, valued at $6.7 
million. In 1969, final figures for shipments 
were 2.3 million brick valued at $7 
million.2 

Dealers and other firms indicated ship- 
ments of milled zircon and concentrate in 
1970 to the following markets: Foundry 
use 68,300 tons; refractories and ceramics 
40,800 tons; and chemical, metal, alloys, 
compounds, and other uses 11,700 tons. 


Zirconium metal was used in nuclear 
reactors, in chemical plants for corrosion re- 
sistant construction material, and in pho- 
tography for flash bulbs. Zirconium com- 
pounds were used in refractories, glazes, 
enamels, welding rod, ferroalloys, and 
sandblasting. 

Hafnium metal, alloys, and compounds 
continued to have few uses, but research 
and development was intensified. The 
metal was used in nuclear reactors for con- 
trol rods and was also used in special re- 
fractory alloys. 


2 U.S. Department of Commerce, Bureau of the 
Census. Current Industrial Reports. da 
ios: Quarter 1970, Series MQ-32C(70)-1, July 6 


Second Quarter 1970, Series 
MQ-32C(70)-2, Sept. 2, 1970; Third Quarter 
1970, Series M Q-32C(70)-3, Dec. 16, 1970; 


Fourth Quarter 1970, pipes MQ-32C (70)-4, Feb. 
19, 1971. Each report 4 p . Refractories, 
Summary for 1969. Series “MQ-32C (70) —5, Oct. 
13, 1970, 6 pp. 
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Table 3.—Yearend stocks of zirconium and hafnium materials 


(Short tons) 
Yearend Yearend 
Item 1969 1970 
Zircon concentrate held by dealers and consumers, excluding foundrie s r 46,000 46,000 
Milled zircon held by dealers and consumers, excluding foundries................... 6,700 6,400 
Zirconium: 
at TEE 1,835 1,788 
pO A i ⁵ð k x AA 438 625 
NOU EE MM A 8 241 442 
CIS O ß . NR y OS 575 351 
))) ³ÜWüꝛ AE A A mt 8 W W 
IJ ⁵ð q A 8 635 274 
A es,... yd 3 8,602 7,495 
Hafnium: 
s. PEE O sassa E a aysa a NN RN A w w 
Spong A pd 31 80 
Y AS Ä³ 0 -;. y x AC 5 11 
r Revised. W Withheld to avoid disclosinz individual company confidential data. 
PRICES 


Published prices of zircon, zirconium hy- for glass-polishing grade, opacifier grade, 
dride, zirconium metal powder and sponge, and stabilized oxide. Zirconium metal strip 
and hafnium metal products were was quoted at $12 to $16 in 1970 compared 
unchanged from 1969. Quoted prices for with $13 to $16 in 1969. 
zirconium oxide were unchanged except 


Table 4.—Published prices of zirconium and hafnium materials, 1970 


Specification of material Price 
Zircon: 
Domestic, f. o. b. Starke, Fla. bags, per short ton! )ʒ $56.00-57.00 
Imported, sand, containing 65 percent ZrO;, c.i.f. Atlantic ports, in bags, per long 75 00 
io pc Cp TO ömm y 8 š 
Domestic, granular, 1- to 5-ton lots, from works, in bags, per pound 22 .04875 
Domestic, milled, 1- to 5-ton lots, from works, in bags, per pound 2 .055 
Zirconium oxide: ? 
Chemically pure white ground, barrels or bags, works per pound 1.50 
Milled, bags, 5-ton lots, from works, per pound- ------------------------------- . 645 
Glass polishing grade, 100-pound bags, 94-97 percent ZrO:, works, per pound .92 
After March EE 71 
Opacifier grade, 100-pound bags, 85-90 percent ZrO2, per pound. - .41 
Alter March 23.2 ³o dd ³ðW y a e lol a qc ie .42 
Stabilized oxide, 100-pound bags, 91 percent ZrO;, milled, per pound. ............. 0.75-0.85 
After March AA mci Le i EM es 0.80-1.10 
Zirconium hydride: ? 
Electronic grade, powder, drums, from works, per pound 14.50-16.00 
Zirconium: t 
Powder, pern... A esV ie dr DLL 12.00-13.00 
Sponge, per r ĩè ſdſſ ⁰ͥ⁰⁰⁰⁰⁰u ⁰ k d 5.50-7.00 
Sheets, strip, bars, per pound. ccoo 12.00-16.00 
Hafnium: 4 
SPONGE Der. DOUNG 5. lal is a EC Mi ee M cC ERE 75.00 
Bar and plate, rolled, per pound ql 120.00 


1 Metals Week. V. 41, Nos. 1-52, January-December 1970. 
zh Oil, Paint and Drug Reporter. V. 197, Nos. 1-26, January-June 1970; v. 198, Nos. 1-26, July-December 
1970. 
s Oil, Paint and Drug Reporter. V. 197, No. 13, Mar. 30, 1970. New quotes. 
* American Metal Market. V. 71, Nos. 166-249, Aug. 31-Dec. 30, 1970. 


FOREIGN TRADE 


Exports.—Exports of zirconium oxide Imports.—Imports for consumption of 
amounted to 717,136 pounds valued at Zircon, 92 percent from Australia, were 
$599,954 and were made to 20 countries. Only slightly less than the record quantity 


The th EA Canad imported during 1969. The average value 
e three major recipients were Canada, £ ported: dircon-an foreign ports was 


19 percent; Japan, 17 percent; and, Mex- $39.08 per short ton, compared with $40.43 
ico, 12 percent. per ton in 1969. 
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Table 5.—U.S. exports of zirconium ores and concentrates 
and zirconium bearing materials 


1969 r 1970 
Destination 
Pounds Value Pounds Value 
Ores and concentrates: 
Argentina. coses o da 259,400 $38,286 247,816 $31,669 
AUS dt EE 15,700 2, 
Belgium-Luxembourg. ..................-.- 6,000 „ ë weno 
Brazil: os o d dod hec ca 49,867 3,74 76,000 4,875 
Canadas ß a e 4,019,667 158,823 6,890,860 236,698 
NA 7⅛'g 77 m ͤ . 8 45, 200 5, 330 30, 800 „288 
Colombie lE Ew ees 14,400 2,184 250 620 
¡NT AM 88 30,800 4,886 33,000 4,950 
Ii EE 11,000 592 39,909 4,586 
Germany, Wee 11,023 277 — essem 
7 ⁵ð« y ⁵ ↄðinſſguſé DM d A ce. A ĩͤ EE 6, 800 1, 840 
A .. 8 349, 900 45,023 254,912 33, 743 
Japan os yo a Be ie eke 7,6 591 1,131,541 263 , 127 
ES A A ee eee 555,000 30 II! 88 
South Africa, Republic of rtr 35,600 d 201 Siesau: asas 
United Kingdom. A y 32,587 2,994 
A A A 5,395,457 294,920 8,760,175 590,983 
Zirconium and zirconium alloys, wrought: 
AUStra llas cai L Sa 1,789 4,741 573 8,338 
Belgium- Luxembourg 501 18,292 314 7,156 
Brazil... . 78 552 72 52 
%%%C/Ü[ÜÄ%4 xx E LE 262,876 4,506,601 228,439 2,792,249 
Congo (Kinshasa)-.. wu yd — 68 1,170 
Penk! y y 88 6,030 232 8,612 
Dominican Republik 4,400 47,899 
e A 592 7,674 4,816 51,164 
Germany, Wess 4,324 46,674 49,491 665,186 
ik a 4,993 120,329 4,089 81,351 
FF A =. Dac. BASE 137 1,000 
E A cunc ACI e 702 30,088 5,601 108,961 
% a 21,362 181,251 46,505 579, 527 
N stherlande LE PEE UE ee D EAE 1,706 11,040 2,971 19,223 
NOT WAV uuu ᷣ³ hee uuu ee 446 13,327 2,220 21,738 
Fakt 88 96 938 4 525 
Portügal -<z e tc sss 585 6:435 ᷑ œT＋1—I 8 —8 
South Africa, Republic o 25 660. ; -h 
JJͤ»’ẽ—dè' ˙²˙ ä mf eee LE 96 996: seen, “eee too 
Wed oo ee et eee eos 9,701 198 , 426 16,075 250,207 
Sh ete r nk mt xx 561 „86 
WAN ess oe ee EE 72 I ⁰ AA „ 
ür 8 110 Ü cdd 
United Kingdom. .......................- 26,094 174,847 15,233 310,858 
Total ss 336,236 5,331,454 381,844 4,959,147 
Zirconium, unwrought and waste and scrap: 
A A 64 J AA 
Beleum-Luzembourg . nooo 291 4,755 
Brazil AAA 2,840 11,550 4,990 21,134 
Canada EE 1,371 6,143 1,505 21,636 
Frances o 8 36,383 187,439 20,671 145,546 
Germany, Wes 14,507 103,883 21,773 146,828 
Guatemala. ? ]ñ ²⅛ ]ↄ sitas v. tia Aoc 94 937 
///§Ü;Ü—êͤ ⁵ ⁵²!5 ↄ x èðx :::.. 660 4, 620 
I/ E pu ĩ ͤ ĩ se teuiU E ELE 1,100 6,534 2,200 12,647 
7õÜ˙Ä5¹ 88 6,223 33,560 31,944 177,821 
Netherlands AAA RA eats 8 2,170 9,906 1,261 5,647 
NOT WAV = cate coa as aia: as Aa 393 4,255 
Eeer, AA 98 441 
Swedèn Geet, d |. ee MAE ei 20,586 194,703 
SA --------------------------- 1,024 4,588 5,905 26,453 
Taiwán: A tro pce En ee els 750 7 400. — iia. Geo 
Turkey A ß ß A A A zs 974 3,926 
United Kingdom 40,794 208,410 104,846 553 , 508 
i sidite aa usus 107,226 579,903 218,191 1,324,857 
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Table 6.—U.S. imports for consumption of zirconium and hafnium materials, 1970 


Country Pounds Value 
Zirconium, wrought: 
Canada occiso ete EE 280 $2,945 
(Ne kl 12,940 106,421 
United Kingdom- ¿srt E A 1 269 
Total..........- Pr RERO PME E / ĩðͤĩ A 13,221 109,635 
Zirconium, unwrought and waste and scrap: 
Canada. oi ⁰˙·àꝓ ] ¼m gg a ↄ9m m ͤkßç7 ... ME CE 7,405 6,070 
ein EE 120,060 456,574 
Germany, West... a ⁵⁰ 86 251 580 
7 ͥ ͥ ͥ ⁰. “ a ſſſ 8 111, 330 464, 230 
Netherlands A A ͥ⁰ a b ĩð v AA 8 457 653 
United Kingdom. .................. 2227 8 10, 406 4,753 
/ E 249,909 932,860 


Zirconium alloys, unwrought: 


O AAA EE 31,539 71,283 
Germany, West u pin ul ³⅛»ö—ͥ...... m 1,912 14,430 
United Kingdom... ¿cies os ees ee eee ad e 1,928 656 

a A f 35, 379 86,869 

Zirconium oxide: 

ANCO A ˙ tʃnʃʃn; II A 150 342 
Germany, West. bs /// do 8 1,168 1,517 
% ³˙¹ AA uma e sm aa O S 18,051 6,848 
Al id le BEE 17 888 
United Figure See 136,172 78,238 

Total. 2: A A M Lc M iat 8 155,558 87,833 

Zirconium compounds, n.e.c 

Welt Ve EPA A ñ A ̃ ß CO 120 1,473 
KENE 499 1,051 
Germany, Mf n Rec dd ⁊ð - 11.458 81,168 
T1 sia 8 66,614 10,993 
Netherlands TERRENCE SE 2,276 2,537 
United. Kingdom. ¿tocas ross ii ii ia 833 , 144 288,262 

AA E de UI ]ĩ] Ü IS e T m usus 914,111 885,484 


%%%%hêͥ—˙1ÿ JJ)... dl E 36 3,550 
r f a do a o aa e 222 21,459 
JC» O A O 258 25,009 
Hafnium, wrought: Franeee „„ 6 629 


Table 7.—U.S. imports for consumption of zircon, by countries 


1968 1969 1970 
Country Value Value Value 
Short (thou- Short (thou- Short (thou- 
tons sands) tons sands) tons sands) 
Australla cin ß 58,812 $1,963 87,743 $3,510 86,816 $3,265 
Canada ride 904 35 3,818 93 3,104 98 
French Pacific Islands .d 3,358 60. 22s 8 
JJCö§Üê5éÜꝛù ⁵ ˙ ͤũ ↄ ͤ wum... sa. musa 8 112 GS «i505 „ 
South Africa, Republic 7 os fen elt, ce 28 8 383 192 355 134 
Syrian Arab Republic 45 So pais. Seabees Ass | mes 
United Kingdom iii 111 Do. dues. | neue 4,484 207 
ic MC a et chs 59,900 2,014 95,414 3,858 94,759 3,704 


1 Believed to be country of shipment rather than country of origin. 


WORLD REVIEW 


Australia.—Naracoopa  Rutile Limited tween Tasmania and the Australian main- 
maintained its schedule for the startup of land. The plant, which went on stream 
a beach sand mining and concentrating April 9, 1969, will produce 10,000 tons of 
plant at Naracoopa on King Island, be- rutile and 10,000 tons of zircon per year. 
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It incorporates streamlined flow-sheets of 
modern wet and dry concentrating equip- 
ment, including high-tension separators, 
low and high intensity magnetic separators, 
spiral concentrators, impinging attritioners, 
and dry and wet tables. Sand currently 
mined has a heavy mineral content of 
about 60 percent. The present plan will 
not require a primary concentration stage 
until 1971, when lower grade mineral is 
anticipated. The ore is mined by dragline 
and trucked to a wet storage pile at the 
plant.3 

Mineral Deposits Pty. Ltd. (85 percent 
owned by National Lead Co. of the United 
States) commissioned a new 300 ton-per- 
hour plant north of Tuncurry, New South 
Wales. The plant will enable dredges now 
working in low-grade areas to continue to 
operate at minimum cutoff grades; this 
will make possible the full utilization of 
reserves.4 

Canada.—Eldorado Nuclear Ltd. began 
making pure nuclear grade zirconium and 
alloy ingot in its new $8.3 million plant at 
Port Hope, Ontario, rated at 300 tons per 
year. The production process is basically 
new in that zirconium metal is extracted 
from zircon sand and bypasses the conven- 
tional sponge stage to reactor-grade zirco- 
nium alloys. The plant is also equipped to 
manufacture billets and has facilities to 
carry out pickling and machining opera- 
tions when required.5 

Ceylon.—The Mineral Dressing Labora- 
tory of the Ceylon Geological Survey has 
produced zircon in the course of pilot 
studies of heavy mineral sands from the 
west and south-west coasts of the Island. 
In addition to zircon, the concentrates 
have included monazite and rare-earth ox- 
ides containing thoria.6 

France.—France's Ugine Kuhlmann and 
Sweden's Sandvik Steel formed a $2 million 
venture, with Ugine taking a 65-percent 
interest and Sandvik a 35-percent interest, 
to build a new zirconium sponge plant in 
Jarrie, near Grenoble, France. No capacity 
or target date has been disclosed.7 

Germany.—Three companies formed a 
partnership to produce zirconium tubing 
for the Common Market and are building 
a plant in Sprendlingen, West Germany. 
The venture, known as Sandvik-Universal 
Tube, is owned 40 percent by Sandvik, 40 
percent by Universal Oil Products Co., and 
20 percent by Ugine Kuhlmann.S 
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India.—Indian Rare Earths Ltd. (IRE) 
recovered zircon sand as a byproduct of il- 
menite at two plants in the state of Kerala 
in Southern India. The concentrates will 
be further processed at a proposed plant 
to be established at Cochin by Ferro Coat- 
ings and Colours, Ltd., a subsidiary of 
Ferro Corporation. Ferro intends to pro- 
vide its plants in Europe with milled zir- 
con for conversion to zirconia and zirco- 
nium compounds.? 


South Africa, Republic of.—Probably the 
largest deposit of baddeleyite in the world 
today is located at Phalaborwa  (pro- 
nounced Palabora) in the Letaba district 
of the Eastern Transvaal Lowveld. The 
Phosphate Development Corp. Ltd.—FOS- 
KOR—operates an open pit mine from 
which the main materials recovered are 
phosphate, copper, and magnetite. The 
baddeleyite mineral content is about 0.2 
percent but is economically reclaimable 
from the tailings of the other ores for 
which the deposit was originally 
developed.10 


3 Engineering and Mining Journal. Naracoopa's 
Zircon-Rutile Plant Includes High-Tension, Grav- 
ity, Magnetic Units. V. 171, No. 9, September, 
1970, pp. 141-142. 
ge Industrial Minerals. No. 37, October 1970, p. 


5 Mining in Canada. September 1970, p. 5. 

6 Ceylon Administration Reports, 1968-69 (Part 
IV—Education, Science and Art) Geological Sur- 
vey, Colombo, Ceylon, June 1970, p. U32. 

T Metals Week. V. 41, No. 44, November 22, 
1970, p. 23. 

M Week. V. 41, No. 44, Nov. 22, 1970, 
p. 23. 

3 Minerals. No. 36, September 1970, 
p. 34. 

10 The South African Mining and Engineering 
Journal. V. 81, No. 4034, Pt. 1, May 29, 1970, 
pp. 1085-1091. 


Table 8.—Zirconium concentrates: 
Free world production, by countries 
(Short tons) 


Country 1968 1969 1970 
Australia 332,956 411,021 * 403,000 
Brazil. ............. 8,083 3,874 NA 
Ceylon............. 28 123 
Malaysia 11,241 11,562 2998 
Thailand 3,549 276 22,469 
United States W W 

Total. c 340,857 416,808 406,590 

e Estimate. NA Not available. W Withheld 


ES Se disclosing individual company confidential 
a a. 

1 Exports of zircon from Malaysia. 

2 Imports of zircon and zirconium sand by Japan 
from country listed. 
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TECHNOLOGY 


A Bureau of Mines report summarized 
preliminary progress on an investigation to 
determine the occurrence and recoverabil- 
ity of heavy minerals in sand and gravel 
operations in Alabama.11 It was found 
that the sands and gravels studied con- 
tained heavy minerals similar to those re- 
covered from Florida beach sands. Further 
studies for economic feasibility were indi- 
cated. 

As part of a continuing project to de- 
velop refractory metal alloys for high-tem- 
perature structural applications, the Bureau 
of Mines applied solid solution and 
precipitation strengthening techniques to 
improve the properties of columbium al- 
loys with hafnium, tungsten, and boron 
additions.12 Strength and oxidation resis- 
tance of columbium alloys were increased 
by hafnium and tungsten; in contrast, the 
alloys oxidized more readily with increasing 
boron content. 

In response to the dramatic increase in 
interest in offshore minerals, samples were 
collected from beaches and dunes around 
the British Isles in a search for heavy min- 
erals and metals with mostly negative re- 
sults indicated for economic deposits.13 

Because hafnium is becoming increas- 
ingly available as a byproduct from the 
production of pure zirconium for reactor 
uses, its compounds are also more avail- 
able. For example, hafnium carbide has 
the highest melting point (38909 C) of any 
of the transition metal carbides and was 
determined to have a uniquely stable crys- 
tal lattice at high temperatures, compared 
with other transition metal carbides. Mi- 


crostrains anneal out at nearly double the 
temperature of tungsten carbide and indi- 
cate great potential for high-temperature 
applications where hardness is important.14 

By carefully planning the degree of sta- 
bilization of zirconia, superior thermal 
shock resistant properties may be 
optimized. 15 

Hafnia and zirconia are similar in chem- 
ical and physical properties, except that at 
high temperatures, the monoclinic-tetrag- 
onal inversion occurs approximately 600°C 
higher in hafnia.16 

Comprehensive summaries of current 
studies on zirconium and hafnium metals, 
alloys, and compounds, amounting to 483 
references, were published during the 
year.17 


1 Sullivan, G. U., and James S. Browning. Re- 
covery of Heavy Minerals From Alabama Sand 
and Gravel Operations. BuMines TPR 22, March 
1970, 14 pp. 

12 Babitzke, Herbert R., Lawrence L. Oden, 
and Hal J. Kelly. Columbium Alloy Development 
With Boron, Hafnium, and Tungsten. BuMines 
Rept. of Inv. 7388, 1970, 30 pp. 

13 Hill, Patrick A., and Andrew Parker. Tin 
and Zirconium in the Sediments Around the 
British Isles: A Preliminary Reconnaissance. Econ. 
Geol., v. 65, No. 4, June-July 1970, pp. 409-416. 

14 Lewis, D., and L. J. Porter. Plastic Deforma- 
tion in Hafnium Carbide. J. of Less-Common 
Metals, v. 22, No. 4, December 1970, pp. 
439-444. 

15 Johns, H. L., and A. G. King. Zirconia Tai- 
lored for Thermal Shock Resistance. Ceram. Age, 
v. 86, No. 5, May 1970, pp. 29-31. 

16 Ruh, Robert and Peter W. A. Corfield. Crys- 
tal Structure of Monoclinic Hafnia and Compari- 
son With Monoclinic Zirconia. J. Am. Ceram. 
Soc., v. 53, No. 3, March 1970, pp. 126-129. 

11 Zr-Hf Newsletter. AMAX Speciality Metals Di- 
vision, American Metal Climax Inc., Akron, N.Y., 
April 1970, 18 pp.; and November 1970, 17 pp. 
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ARSENIC ? 


Legislation and Government Programs. 
—The Tax Reform Act of 1969 set the de- 
pletion allowance on both domestic and 
foreign produced arsenic at 14 percent. 


Domestic Production.—Arsenic trioxide 
was produced in the United States as a by- 
product of base-metal ores, primarily cop- 
per ore, at the Tacoma, Wash., plant of 
The American Smelting and Refining 
Company. Output in 1970 was greater than 
in 1969, but actual quantities cannot be 
published. Shipments declined and yearend 
stocks were substantially more than at the 
end of 1969. 


Consumption and Uses.—Apparent con- 
sumption of arsenic, essentially all as 
white arsenic (As203), decreased for the 
third successive year. Calcium and lead ar- 
senate chemicals were the major end prod- 
ucts; minor quantities of arsenic were used 
in sodium arsenate and other chemical 
compounds. 


Arsenic is primarily used for its toxic 
qualitites in the agricultural industry for 
insecticides, selective plant killers, defol- 
iants, and for parasitic control in chicken 
feed. However, evidence that persistent 
pesticides are adversely affecting various 
life forms has resulted in diminished use 
of arsenical pesticides. 


About 3 percent of the arsenic consumed 
is used as metal for alloying with lead and 
copper. Small quantities of high-purity ar- 
senic are used in the electronics industry 


where a new doped gallium arsenide laser 
has been developed. The new laser can be 
operated continuously at room tempera- 
ture, whereas previously, heat generated in 
semiconductor lasers was too great to per- 
mit operation for more than a fraction of 
a second.? 

Prices.—The price of refined white ar- 
senic, 99.5 percent, at New York docks, in 
barrels, small lots, has been unchanged at 
614 to 634 cents per pound since July 6, 
1968. Refined white arsenic in bulk carload 
lots at Laredo, Tex., was $120 per ton, and 
crude white arsenic was quoted at $94 per 
ton at Tacoma, Wash. 

Arsenic metal was quoted in London at 
£518 per long ton (55.6 cents per pound) 
until August 4, when the quotation 
changed to £600 nominal (64.3 cents per 
pound) for 99.5-percent black, lumpy ar- 
senic. 

Lead arsenate in 50-pound bags was 
quoted at 26 to 29 cents per pound 
throughout 1970. The price of sodium ar- 
senate, 60 percent arsenic pentoxide, in 
200-pound drums was unchanged at 30 
cents per pound; and sodium arsenite, 94- 
percent-soluble pink powder, 75-percent ar- 
senous acid, in 100-pound drums was 
quoted at 23 cents per pound during 1970. 


1By Gertrude N. Greenspoon, mineral special- 
ist, Division of Nonferrous Metals. 

2 American Metal Market. New, Cooler Laser 
Developed. V. 77, No. 169, Sept. 3, 1970, p. 15. 
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Foreign Trade.—No exports of arsenic 
metal or white arsenic have been reported 
since 1945. 

Imports of white arsenic were 3 percent 
higher than in 1969 but except for that 
year were the smallest since 1966. Sweden, 
the leading supplier of white arsenic, fur- 
nished 43 percent of the total, followed by 
Mexico with 41 percent and France with 
14 percent. The remaining 2 percent came 
from Peru and the Republic of South Af- 
rica. 

Receipts of arsenic metal rose 32 percent 
over 1969. Sweden continued to be the 
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major supplier with 89 percent of the 
total. Canada furnished 6 percent, Den- 
mark 4 percent, and small quantities were 
received from Japan, West Germany, and 
the United Kingdom. 

Tariff.—The duty on arsenic metal was 
reduced under the General Agreement on 
Tariffs and Trade (GATT) from 2.5 cents 
per pound, effective June 30, 1958, to 2.2 
cents on January 1, 1968. The rate was 
further reduced to 2.0 cents on January 1, 
1969 and again to 1.7 cents on January 1, 
1970. Arsenic oxide (white arsenic) enters 
duty free. 


Table 1.—U.S. imports for consumption of white arsenic (As203) content, by countries 


1968 1969 1970 
Country —— 
Short Value Short Value Short Value 
tons (thousands) tons (thousands) tons (thousands) 
Belgium-Luxembourg. .......... 254 $41 17 SA. T8 
Canada oso iaa 8 8 2 F eee, OEC EIN 
PranC@ IA coco oe 6,424 600 4,336 420 2,650 $274 
Germany, Weste l4 — — — SE EEGEN 
ENT EE 199 / ee, EE Eeer 
Mexico 7,159 716 7,361 875 7,750 867 
POR AAA 8 644 55 19 10 65 
South Africa, Republic of 1,134 105 121 13 111 13 
Sweden 9,315 1,090 6,071 732 8,142 870 
PARC io oe ee u ls 44 d. arar. as memes iue is 
Western Africa, nee... 10 Jo etisalat. 8 
„ laa 25,195 2,626 18,171 2,064 18,763 2,089 
Table 2.—U.S imports for consumption of arsenicals, by classes 
(Thousand pounds and thousand dollars) 
1968 1969 1970 
Class 
Quantity Value Quantity Value Quantity Value 
White arsenic (As: O)): 50,890 $2,626 36,341 $2,064 37,525 $2,089 
Metallic arsenieee 819 583 692 568 912 1,876 
Uh; ᷣͤðͤ K 50 12 19 5 17 
h AAA 44 WW astas 
Sodium aragenate 75 6 110 11 186 23 
Lead araenate -2200au aoaaa aain 45 Gi’ pusa ` GE 
Arsenic compounds, n.e.c_.__...._.-_--. 2222222. 2222-2222 10 43 42 50 


World Review.—Brazil.—All white arsenic 
produced in Brazil in 1970 was recovered 
as a byproduct of the treatment of gold ore 
by one company-Mineracáo Morro Velho, 
S.A. 

Mexico — Asarco Mexicana, S.A, and 
Metalúrgica Mexicana Peñoles account for 
most of the arsenic production in Mexico. 
At the Asarco plant in Chihuahua, speiss, 
containing about 30 percent arsenic, is re- 
covered from processing lead ore and con- 
centrate in a reverberatory furnace, Ar- 
senic is recovered also from flue dusts 


from the Chihuahua smelter. From 660 to 
770 tons of speiss is sent monthly to the 
smelter in San Luis Potosi. After treat- 
ment of the speiss, arsenic and antimony 
are processed in a Godfrey furnace, and 
black arsenic (95 percent As) is produced. 
Nearly 400 tons of arsenic (metal content) 
is recovered monthly. 

The Peñoles smelter at Torreón recovers 
from 120 to 165 tons of arsenic monthly 
from flue dusts and ships more than 600 
tons of speiss to the Asarco Chihuahua 
smelter for treatment. 
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Table 3.—White arsenic 1 (arsenic trioxide): 
World production by countries 


(Short tons) 


Country ? 1968 1969 1970 » 
Brazil sob bathe 344 331 328 
Canada r 337 r 170 100 
Fran nee 15,232 er 15,000 e 15,000 
Germany, West. r 746 r 648 e 460 
Ja8pana 8 789 786 974 
Mexico 14,915 r 8,800 7,625 
Pl cus 1,353 530 851 
Portugal r 207 r 272 e 275 
South-West Africa 3. r2,450 r 2,444 4,478 
Spån- A 143 110 e 110 
Sweden 23,259 1 18,188 18,078 
U.S. S. R. e r 7, 770 r 8, 630 7, 880 
United States W W W 

Total r 67,545 1 55,909 56,159 

e Estimate. » Preliminary. r Revised. 


W Withheld to avoid disclosing individual company 
confidential data. 

! Including calculated trioxide equivalent for out- 
put reported as elemental arsenic and arsenic com- 
pounds. 

/?In addition to the countries listed, Argentina, 
Austria, Belgium, China (mainland), Czechoslovakia, 
East Germany, Finland, Hungary, Southern 
Rhodesia, United Kingdom and Yugoslavia have pro- 
duced arsenic and/or arsenic compounds in previous 
years, but information is inadequate to ascertain 
whether such production has continued, and if so, at 
what levels. 

3 Output of Tsumeb Corp. Ltd. for year ending 
June 30 of year stated; data given are white arsenic 
equivalent of reported black arsenic oxide production. 
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rubidium ores were produced in the 
United States in 1970. W. R. Grace & Co. 
and Penn Rare Metals Division of Kawecki 
Berylco Industries, Inc., shipped pollucite 
from stocks at plants at Erie, Mich., and 
Revere, Pa. 

Although cesium and rubidium were not 
produced as metal, the production of their 
compounds increased. The raw material 
sources of all cesium and rubidium com- 
pounds produced in the United States 
were imported pollucite and ALKARB, a 
residue from past lithium compound pro- 
duction. 

Cesium and rubidium compounds were 
produced by Penn Rare Metals; American 
Potash & Chemical Corp., Trona, Calif.; 
Cooper Chemical Co. Long Valley, NI: 
and Rocky Mountain Research, Inc., Den- 
ver, Colo. MSA Research Corp., Calley, Pa., 
and Penn Rare Metals shipped cesium and 
rubidium metal from inventories. 

Consumption and Uses.—Statistical data 
on the consumption and uses of cesium 
and rubidium metal and compounds were 
not available. 


Production.—No cesium or Cesium and rubidium were probably 


used primarily in research and develop- 
ment. Of special interest was there use in 
magnetohydrodynamic generators and ther- 
mionic converters. The development of 
these devices for commercial application 
could result in large increases in the use of 
cesium. 

Various forms of cesium and rubidium 
had applications in pharmaceuticals, pho- 
toelectric cells, photomultiplier tubes, 
scintillation counters, magnetometers, vac- 
uum tubes, infrared lamps, ultracentri- 
fuges, and chemical processes as a catalyst. 
Cesium and rubidium and their com- 
pounds can be used as alternatives for 
each other in some cases. 

Prices.—Domestic prices of cesium and 
rubidium ores were not published. Metal 
Bulletin quoted a nominal price for pollu- 
cite concentrates, f.o.b. source, containing a 
minimum of 24 percent Cs20, at $11.64 per 
long ton unit (22.4 pounds) of Cs20. The 
American Metal Market Quotation on ces- 
ium metal, 99+ percent, was unchanged at 


3 By Horace F. Kurtz, industry economist, Divi- 
sion of Nonferrous Metals. 
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$100 to $375 per pound. The quotation on 
rubidium metal, 99.5+ percent, was also 
unchanged at $300 per pound. 


Table 4.—Prices of selected cesium and 
rubidium compounds 


Base price per pound ! 


Item 
Technical High-purity 
grade grade 
Cesium bromide. ....... $28 $65 
Cesium carbonate. ...... 29 61 
Cesium chloride 30 68 
Cesium fluoride......... 35 75 
Cesium hydroxide....... 35 75 
Rubidium carbonate. ... 45 75 
Rubidium chloride 46 76 
Rubidium fluoride. . _ _ _ ` 51 83 
Rubidium hydroxide. _ _ _ 51 83 


1 Excludes packaging cost, 50 to 100 pound quanti- 
ties, f.o.b. Revere, Pa. 


Source: Kawecki Berylco Industries, Inc. 


Foreign Trade.—Pollucite was imported 
from Africa during the year, but data on 
quantities and value were not available. 
Imports of cesium compounds declined 4 
percent, reflecting reduced receipts of ce- 
sium chloride. Imports of rubidium metal 
and compounds were negligible. 
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Table 5.—U.S. imports for consumption 
of cesium compounds, by countries 


Cesium Cesium 
chloride compounds, 
Country n.8.p.f. 
Pounds Value Pounds Value 
Germany, 
est. 1,278 $46,949 3,709 $137,477 
Netherlands. 23 „398 
Switzerland.. ...... ....... 4 255 
United 
Kingdom 57 1.316 58 1. 661 
Total. 1,335 48,265 3,794 140,791 


World Review.— Iwo hundred tons of 
pollucite, averaging over 20 percent Cs20, 
was shipped from Canada to the U.S.S.R. 
during 1970 and the latter part of 1969 by 
Tantalum Mining Corporation of Canada 
Ltd. The ore originated at the Bernic 
Lake mine, Manitoba, Canada. 


Technology.—A method has been devel- 
oped to produce very high purity cesium 
and rubidium metal for electronic struc- 
ture studies.4 In this technique, purified 
chloride is reduced using calcium metal. 


GALLIUM * 


Domestic Production.—Gallium metal 
was produced as a byproduct of alumina 
production by the Aluminum Company of 
America at its Bauxite, Ark., plant. Gal- 
lium metal, oxide, and trichloride were 
produced by Eagle-Picher Industries, Inc., 
at its Quapaw, Okla., plant. 


Consumption and  Uses.—The largest 
consumption of gallium is in electronic ap- 
plications. When alloyed with phosphorus, 
arsenic, and antimony, gallium forms ver- 
satile semiconducting materials. Gallium 
semiconducting compounds are used in 
transistors and diodes, and to dope other 
semiconductor materials. Gallium is used in 
the construction of high-temperature 
quartz-tube thermometers. Other uses for 
gallium are as a sealant for glass joints, as 
a constituent of solders, as backing for 
mirrors, as a low temperature lubricant, as 
a component of dental alloys, and in re- 
search. | 

Prices.—Market prices, per gram, of gal- 
ium from bauxite sources in 1970 were as 
follows: 


Quantity 99.99 99.999 99.9999 

percent percent percent 

Up to 999 grams......-.- $1.00 $1.10 $1.20 
1,000 to 4,999 grams. . -__ .80 . 85 . 95 
5,000 to 24,999 grams 70 75 85 
Foreign Trade. —Imports of gallium 


(unwrought, waste and scrap) were as fol- 
lows: 


Country of origin Pounds Value 


Belgium-Luxembourg............ 108 $14,181 

Canada... ota ³˙·.m ibi 111 8,73 
Germany, West 14 1,349 
f/ T 1 304 
Netherlands 15 7,699 
Switzerland 1,869 361, 126 
United Kingdom 213 39,669 
N isaac o sss 2,331 428,067 


World Review.—Toho Zinc of Japan has 
established a gallium plant in its Fujioka 
smelter. The plant will have a target pro- 
duction of 600 kilograms of gallium per 
year. 


4 Schmidt, P. H. The Purification of Cesium and 
Rubidium Metals by Chloride Reduction Under 
High Vacuum Conditions. J. Electrochem. Soc., 
v. 116, No. 9, September 1969, pp. 1279-82. 

5 By E. Chin, chemist, Division of Nonferrous 
Metals. 
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Technology.—A new semiconductor laser, 
developed by Bell Telephone Laboratories, 
operates on ordinary dry cells, needs no 
cooling system, and is capable of operating 
continuously at room temperature. This 
semiconductor device consists of a very 
thin layer of gallium arsenide sandwiched 
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between layers of aluminum gallium arsen- 
ide. When current is applied, near-visible 
infrared light is emitted. The problem 
with previous semiconductor lasers has 
been that the required high currents gen- 
erated so much heat that the lasers could 
operate only in short bursts. 


GERMANIUM * 


The shortage of germanium that devel- 
oped in 1969 continued until mid-1970. 
This shortage caused a 53-percent increase 
in the price of domestic zone refined (in- 
trinsic) germanium metal and a 70-percent 
increase in the price of electronic grade 
germanium dioxide. A significant decline 
in demand started in July, and continued 
through the year. Evidently this decline 
followed the general weakening of overall 
business activity. Consumption of transis- 
tors and semiconductor diodes decreased 
35 and 15 percent, respectively, from that 
of 1969. The decrease was greater for ger- 
manium than for silicon. 

Domestic Production.—Primary german- 
ium output was obtained from smelter res- 
idues resulting from the retorting and 
refining of zinc concentrates for the Kan- 
sas-Oklahoma area and from zinc concen- 
trates from fluorspar-zinc-lead ores of the 
Kentucky-Illinois area. The domestic pro- 
ducers of germanium from primary and sec- 
ondary sources were Eagle-Picher Indus- 
tries, Inc, of Miami, Okla., Sylvania 
Electric Products, Inc., of ‘Towanda, Pa., 
and Kawecki Berylco Industries, Inc., of 
Revere, Pa. 

Consumption and Uses.—Germanium is 
principally used by the electronics indus- 
try; most of the germanium goes into semi- 
conductors. The increased use of silicon in 
the semiconductor field may be a factor in 
the decline in the germanium market late 
in 1970. Although sales were up approxi- 
mately 50 percent over 1969, significant 
quantities of germanium were stockpiled 
by the users. These consumer stockpiles 
could result in a decrease in demand for 
1971. 

A new prospect for germanium is its 
use in optics for infrared transmission. It 
is probable that these optics could demand 
an amount of germanium equal to the 
amount used in semiconductors. Gallium- 
doped germanium is being used for nu- 
clear particle detection. In superconduc- 


tors, Nby¿(Al-Ge) was found to have a 
higher transition temperature than pre- 
viously tested materials. 

Prices—On January 15, the price of 
zone refined (intrinsic) germanium metal 
was increased from $201.50 per kilogram to 
$226.75, and for electronic-grade german- 
ium oxide from $105 per kilogram to 
$122.50. On April 1, one company again 
raised the metal and oxide prices to 
$269.50 and $151 per kilogram, respec- 
tively; the other two producers followed 
with their price increases on April 15 and 
May 1. Finally, on June 8, the metal and 
oxide increased to $293 and $167.50. 


Foreign Trade.—U.S. imports of german- 
ium metal (unwrought, waste and scrap) 
increased 149 percent in quantity to 19,549 
pounds, and 121 percent in value to 
$2,101,096. The first recorded imports from 
the U.S.S.R. were in 1969. In 1970, this 
bloc country was the leading supplier with 
9,057 pounds, or 46 percent of the total 
U.S. germanium imports. 


6 Chemical Engineering News. Lasers: The 
Heat's Off. V. 48, No. 38, Sept. 7, 1970, p. 13. 

1 By Herbert R. Babitzke, physical scientist, Di- 
vision of Nonferrous Metals. 


Table 6.—U.S. imports for consumption 
of germanium, by countries 


Pounds Value 
Country — H 
Unwrought, waste 
and scrap 
Belgium-Luxembourg.......... 1,984 $646,304 
Canadá... laco ende e 6 216 
Czechoslovakia. ........-....- 770 57,634 
Denmark. .........-.-.....--.- 738 62,485 
Fanee eme 112 9,491 
Germany, West 2, 267 201, 519 
e uapa eee ea 165 18,000 
AA . a us 2,009 183,516 
United Kingdom 2,441 153,166 
US ⁰˙¹AAA e 9,057 768,705 
f ˙·»¾⅛ẽĩ⸗W2 19,549 2,101,096 
Wrought 
Belgium-Luxembourg.......... 4 1,856 
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World Review.—The Democratic Repub- 
lic of the Congo (Kinshasa) continued 
production of germanium in 1970. The 
principal source was the Prince Leopold 
mine near Kipushi where renierite, (Cu, 
Ge, Fe, Zn, As) S, is associated with copper 
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and zinc minerals. The concentrates were 
shipped to Belgium-Luxembourg for recov- 
ery of refined germanium metal or dioxide. 

No production data are available from 
the U.S.S.R., the largest exporter of ger- 
manium to the United States. 


INDIUM š 


Domestic Production—The American 
Smelting and Refining Company was the 
only domestic producer of indium during 
the year. Output was recorded at its plants 
at Perth Amboy, N.J., and Denver, Colo. 
Indium is produced from certain smelter 
flue dusts and residues in which recover- 
able amounts of indium have been concen- 
trated during treatment of zinc ores. 

Uses.—Indium was used mainly in elec- 
tronic devices as a component of solder for 
connecting lead wires to germanium in 
transistors and in intermetallic germanium 
semiconductors as a  property-modifying 
agent. The compounds of indium (arsen- 
ides, antimonides, and phosphides) were 
used in other semiconductor applications. 
Use for indium was also found as a com- 
ponent in special solders, glass-sealing al- 
loys, and in dental alloys. Although in- 
dium use as a coating for bearings in 
aircraft appeared to be lessening, it was re- 
ported that some interest in indium for 
bearing use was expressed by the automo- 
tive industry. 

Stocks.—Producer stocks of indium de- 
creased during the year, partly because one 
of the domestic producers ceased produc- 
tion. 

Prices.—Market quotations held steady 
throughout the year; indium metal was 
$2.50 per troy ounce, in lots of less than 
100 ounces, $2.05 in lots of 100 ounces, 
and at $1.95 in lots of 1,000 ounces. In lots 
of 5,000 ounces the price was $1.85 per 
troy ounce. 

Foreign 


"Trade No indium was ex- 


ported from the United States. The follow- 
ing tabulation shows indium imported for 
consumption during 1970, by source: 


Troy 
ounces Value 
Country — n — 
Unwrought, waste 
and scrap 
Canadá. u. ow ica ies 207,731 $280,640 
Netherlands 59,12 ,85 
"2 M MODE TP 52,082 91,137 
Japo e a se. 49,778 71,183 
Germany, Weste 25,246 29,976 
Belgium-Luxembourg.........- ,41 22,865 
United Kingdom 650 8,738 
TOUR: occus e 401,028 574,345 
Wrought 
United Kingdom 6 814 


Canada was the largest supplier with 52 
percent of total imports; the Netherlands, 
with 15 percent of total imports, increased 
its shipments to U.S. markets by nearly 
115-fold over the 1969 figure. The remain- 
ing 33 percent of imports was supplied by 
five different countries in varying quanti- 
ties. 

Under the General Agreement on Tariffs 
and Trade, import duties on unwrought 
waste and scrap metal in 1970 were 7 per- 
cent ad valorem for the most-favored-na- 
tion rate, and 25 percent for imports from 
Communist Bloc countries, except Yugosla- 
via. Duties on wrought metal were levied 
at 12.5 percent ad valorem for the most-fa- 
vored-nation rate, and 45 percent ad valo- 
rem for imports from Bloc countries, ex- 
cept Yugoslavia. 


RADIUM ? 


Although radium may find limited use 
throughout the world, it is used very little 
in the United States since less expensive 
and less dangerous radioactive substitutes 
have become available. 

Legislation and Government Programs. 


—The status of health programs with re- 
spect to radium and radioisotope usage and 


8 By Burton E. Ashley, physical scientist, Divi- 
sion of Nonferrous Metals. P 

? By John A. Stock, mining engineer, Division of 
Nonferrous Metals. 
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contro] were reviewed in pamphlets issued 
by the U.S. Department of Health, Educa- 
tion, and Welfare. 

Domestic Production.—No radium has 
been produced in the United States for 
many years. The principal dealer is the 
Radium Chemical Co., Inc., New York. 
Radium Chemical also offers a reincapsula- 
tion service for radium. 

Uses.—The continuing use of radium in 
the therapeutic treatment of cancer is due 
primarily to the penetrative power of its 
gamma radiation. During 1970, radium was 
used in radiobiological research for a com- 
parison of relative biological effectiveness 
(RBE) of californium-252.10 Research has 
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indicated that the fast neutrons from cali- 
fornium-252 may be more effective in 
treating some types of cancer than gamma 
rays from radium. Experiments showed that 
californium-252 was about three times as 
effective as radium with oxygenated tissue 
culture, and also more eftective with oxy- 
gen deficient tissue. 

Prices. - Radium prices have not been 
quoted for several years. They have been 
as high as $21.50 per milligram and as low 
as $2 per milligram. Because of efforts to 
license and limit the use of radium, some 
former users have offered radium salts at 
low prices or free of charge in order to 
dispose of the material. 


RHENIUM ?” 


Rhenium production increased during 
the year to meet the increasing demand 
for rhenium-platinum catalysts in the pe- 
trochemical industry. As a result of this 
situation, there was an increase in rhen- 
ium prices during 1970 and some dealer 
prices were about double those quoted by 
domestic producers. 

Domestic Production.—Production of 
rhenium, a secondary byproduct recovered 
from molybdenite (MoSg) associated with 
Southwestern porphyry copper ores, in- 
creased during 1970 to an estimated 5,900 
pounds of rhenium contained in rhenium 
salts. Cleveland Refractory Metals (CRM), 
Solon, Ohio, a division of Chase Brass & 
Copper Co. (a subsidiary of Kennecott 
Copper Corp.), was the country’s major 
rhenium producer during the year. Rhen- 
ium salts were recovered for CRM at Ken- 
necott’s molybdenite roasting facility near 
Garfield, Utah, from domestic molybdenite 
concentrates and from MoS, imported from 
Chile. In addition, CRM processed rhen- 
ium scrap imported in 1969 from West 
Germany. Shattuck Chemical Co., Denver, 
Colo., a subsidiary of Engelhard Minerals 
& Chemicals Corp., recovered rhenium salts 
from the MoS recovered from domestic 


porphyry copper ores. During 1970, M&R 
Refractories Inc, Springfield, N.J., a sub- 
sidiary of Whittaker Corp., became the 
third domestic rhenium producer and re- 
covered rhenium from molybdenite associ- 
ated with Arizona porphyry copper ores. 
Porphyry copper deposits in Canada, 
Chile, Congo (Kinshasa), Mexico, Peru, 
the United States, and the U.S.S.R. repre- 
sent the only significant or potential 
sources of rhenium. Rhenium metal recov- 
ery facilities existed at molybdenite roast- 
ing plants in Belgium, France, Sweden, the 
Soviet Union, the United Kingdom, the 
United States, and West Germany. 
Consumption and Uses.—Approximately 
75 percent of the estimated rhenium con- 
sumption of 3,150 pounds was used as 
rhenium and rhenium-platinum catalysts 
replacing the more expensive platinum Cat- 
alysts used in the cracking of petroleum 
hydrocarbons.12 This application received 
added impetus from the development of 


10 U.S. Atomic Energy Commission. Califor- 
nium-252. No. 4, August 1970, p. 9. . 

1 By Richard F. Stevens, Jr., physical scientist, 
Division of Ferrous Metals. 

12 Chemical and Engineering News. New Cata- 
lysts Increase Reformer Yields. V. 48, No. 26, 
June 22, 1970, pp. 62-63. 


Table 7.—Salient rhenium statistics 
(Pounds of contained rhenium) 


1966 1967 1968 1969 1970 
Production (in rhenium salts) 6 1,620 1,725 2,400 3,500 5,900 
Consumption (metal) 1,040 850 775 2,000 3,150 
Imports (metal and scrap) ...............- gross weight. 84 96 436 19,780 210 
Stocks, Dec. 31, (metal) 600 40 130 1,710 2,580 


e Estimate. r Revised. 
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lead-free gasolines to reduce air pollution 
from internal combustion engines. 

Other applications of rhenium continued 
to be in high-temperature thermocouples, 
flashbulb filament wires, and coatings. The 
development of ductile, high-temperature 
tungsten and molybdenum-base rhenium 
alloys decreased significantly during the 
year. 

A comprehensive survey was published 
of the mineralogy, geology, and metallurgy 
of molybdenum and rhenium found in 
porphyry copper deposits around the 
world. It describes the current technology 
associated with recovering molybdenum 
and rhenium.13 

A complete translation of a Soviet publi- 
cation on rhenium-refractory metal alloys 
became available. It discusses rhenium pro- 
duction, alloy development, chemical, phy- 
sical, and mechanical properties, heat 
treatment, weldability, corrosion resistance, 
catalytic properties, high-temperature ap- 
plications, and the phase diagrams of these 
binary and ternary alloys.1+ 

A second translated Soviet publication 
that became available during the year con- 
tains a section that describes the properties 
and history of rhenium, rhenium occur- 
rence and recovery, current technology, and 
uscs of rhenium.15 

Prices.—In February 1970, Cleveland Re- 
fractory Metals (CRM) increased prices 
for rhenium metal powder. The new prod- 
ucer prices for contract customers were as 
follows: 


Per 
. pound 

Rhenium metal poseer 99.99 percent purity, 

up to 1 pound... ......... l.l. l.l... $1,200 
Rhenium metal powder, over 1 pound but not 

more than 5 pounds 1,100 
Rhenium metal powder, over 5 pounds but 

not more than 20 pounds. ` 1,050 
Rhenium metal powder, over 20 pounds but 

not more than 50 pounds * 1,000 
Rhenium metal powder, over 50 pounds 875 


As a result of increased demand for rhen- 
ium metal powder, traders were reportedly 
selling rhenium of foreign origin for 
$1,200 to $1,400 per pound. 

The increased price of rhenium metal was 
reflected by consumers who use rhenium 
to make tungsten-rhenium wire. New price 
schedules, reflecting increases ranging from 
4 to 63 percent depending upon the wire 
size, were issued during the year. 

Foreign Trade.—Revised imports of un- 
wrought rhenium metal and scrap in 1969 
totaled 9,780 pounds, gross weight, valued 
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at $352,108. Of this quantity, 9,059 pounds 
valued at $84,809 was imported from West 
Germany in the form of rhenium scrap. 
The remaining 721 pounds represented 
rhenium metal powder, which was im- 
ported primarily from the U.S.S.R. (31 
percent), Sweden (30 percent), West Ger- 
many (24 percent), and France, (15 per- 
cent). 

During 1970, imports of unwrought 
rhenium metal and scrap decreased to 210 
pounds, gross weight, valued at $111,629. 
These imports, all of which represented 
rhenium metal powder, came from West 
Germany (38 percent), the U.S.S.R. (35 
percent), and France, (27 percent). There 
were no imports of rhenium scrap during 
the year. The rhenium from France and 
West Germany is believed to have been re- 
covered from molybdenite obtained from 
porphyry copper ores from Chile. Rhen- 
ium from the Soviet Union is presumed to 
have been recovered from flue dusts of 
Russian molybdenite roasters. The average 
price of unwrought rhenium metal imports 
from France and West Germany during 
the year, excluding the U.S. duty of 7 per- 
cent ad valorem, ranged from $927 to $435 
per pound, respectively. The average price 
of imported unwrought rhenium metal 
from the U.S.S.R. excluding the 25 percent 
ad valorem duty applicable to Communist 
countries, was $321 per pound in 1970. 
There were no imports of wrought rhen- 
ium during the year, and exports of rhen- 
ium in all forms were less than 10 pounds. 

As part of the 5-year program of tariff 
reductions agreed upon at the "Kennedy 
round" Tariff Negotiations, the duties on 
unwrought and wrought rhenium from 
non-Communist countries were further re- 
duced. Effective January 1, 1971, the duty 
on unwrought rhenium metal and scrap 
was reduced from 7 to 6 percent ad valo- 
rem and that for wrought rhenium from 
12.5 to 10.5 percent ad valorem. The duty 
on unwrought rhenium from Communist 
Bloc countries remained unchanged at 25 


13 Sutulov, Alexander. Molybdenum and Rhen- 
ium Recovery From Porphyry Copper Ores. Uni- 
versity of Concepción, Concepción, Chile, 1970, 
259 pp. 

14 Savitskii, E.M., M.A. Tylkina and K.B. Po- 
varova. Splavy reniya (Rhenium Alloys). Moscow, 
1965. Available from the National Technical In- 
formation Service, Springfield, Va., TT 69-55081, 
1970, 358 pp. 


15 Songina, O. A. Izdatel'stvo ''Metallurgyiya" 
(Rare Metals). Moscow, 1964. Available From 
the National Technical Information Service, 


Springfield, Va. TT 70-50021, 1970, pp 15-32. 
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Table 8.—U.S. imports for consumption of rhenium (including scrap), by countries 


(Gross weight) | 
1968 1969 1970 
Country 
Pounds Value Pounds Value Pounds Value 

La EE 17 $6,722 109 $53,045 58 $53,789 
Germany, West 419 142,217 r 9,230 153,358 79 34,373 
A TT 8 215 19.081. idee Zeg e 
PEA EE 222 71,660 78 23,467 
United Kingdom (1) 269 4 1,8604. ³· w ración 

Total. asin 88 436 149,208 r 9,780 352,108 210 111,629 

r Revised. 


1 Less than Le unit. 


percent ad valorem and that on wrought 
rhenium remained unchanged at 45 per- 
cent ad valorem. 

During both 1969 and 1970 the import 
duty on rhenium scrap was suspended. 

Technology.—Investigations conducted by 
Bureau of Mines engineers indicated that 
both rhenium and tungsten metal powder 
could be reclaimed from scrap tungsten 
alloys containing about 25 percent rhe- 
nium.16 By oxidizing the scrap at 950 *C the 
volatile rhenium heptoxide could be sepa- 
rated from tungsten trioxide, with an over- 
all recovery efficiency of approximately 96 
percent. 


Studies conducted by CRM evaluated the 
technology of rhenium chemicals, the ad- 
vances in rhenium catalysts, and the use of 
rhenium as an electrical contact mate- 
rial.17 


New platinum-rhenium catalysts were 
developed. Because of their unique high 
stability, they give excellent temperature 
stability, high yield, excellent regeneration 
stability, and can be recovered from a tem- 
porary presence of catalytic poisons.18 


The use of coated powders in the pro- 
duction of dense homogeneous tungsten- 
rhenium (W-Re) and molybdenum-rhe- 
nium (Mo-Re) alloys is more practical, 
reproducible, and economical than standard 
powder metallurgy techniques.19 


Rhenium-coated tungsten powder parti- 
cles having some alloying at the Re-W in- 
terface were developed using a special co- 
reduction proces. The most significant 
advantage of using this coated powder 
process is the reduction of the sigma phase 
and the corresponding increase in both 
strength and ductility. 


As a result of the increased demand for 
rhenium, studies were conducted to deter- 
mine new methods of recovering rhenium 
by solvent extraction using ion-exchange 


techniques, and methods for recovering 
rhenium from used catalysts and other sec- 
ondary sources.20 


16 Ferrante, M.J., F.E. Block, A.D. Fugate, and 
F.A. Skirvin. Recovery of Rhenium From Tung- 
sten-Rhenium Alloys. BuMines Rept. of Inv. 
7254, April 1969, 11 pp. 

17 Davenport, William H., Jon W. Spleman, 
and Howard J. Vaeth. Rhenium  Chemicals— 
Their Properties and Applications. Cleveland 
Refractory Metals, Solon, Ohio, 1969, 78 pp. 

Davenport, William H., Valerie Kollonitsch, 
and Charles H. Kline. Recent Advances in Rhen- 
ium Catalysts. Cleveland Refractory Metals, Solon, 
Ohio, 34 pp. 

Peters, John E. Rhenium as an Electrical Con- 
tact Material. Cleveland Refractory Metals, Solon, 
Ohio, (paper presented to ASTM Committee 
B-4, Subcommittee IV at meeting in Pittsburgh, 
Pa., on Mar. 4, 1969), 27 pp. 

15 Field, Sanford. Development in Aromatics 
Processing. Proc. API Division of Refining, v. 50, 
1970, pp. 340-365. 

Jacobson, R.L., and C.S. McCoy. High-Severity 
RHENIFORMING: Route to Maximum Aromat- 
ics. Proc. API Division of Refining, v. 50, 1970, 
pp. 324-339. 

Jacobson, R.L., H.E., Kluksdahl, C.S. McCoy, 
and R.W. Davis. Platinum-Rhenium Catalysts: A 
Major New Catalytic Development. Proc. API Di- 
vision of Refining, v. 49, 1969, pp. 504-521. 

Nevison, John A., M.H. Dalson, and John Mooi. 
Catalytic Reforming Advances With E-501 Cata- 
lyst. Proc. API Division of Refining, v. 50, 1970, 
pp. 304-323. 

Stormont, D.H. New Reforming Catalyst Fea- 
tures Imported Stability, High Yields. Oil & Gas 
J., v. 67, No. 17, Apr. 28, 1969. pp. 63-65. 

Sutton, E. A. Commercial Experience With Re- 
cently Developed Platforming Catalysts. Proc. API 
Division of Refining, v. 50, 1970, pp. 293-303. 

19 Peters, John E. Recent Developments in 
Rhenium and Rhenium Alloy Powder Me 
J. of Metals, v. 21, No. 4, April 1969, pp. 27-50. 

20Dueros, Robert, and Pierre LeGross. Influ- 
ence of Oxidation on the Low-Pressure, High- 
Temperature Decomposition of Ethylene on 
Tungsten and Rhenium Surfaces. Surface Sci., 
(Amsterdam, the Netherlands), v. 15, No. 3, 
March 1969, pp. 425—442. 

Platzke, R. N., and J. D. Prater (assigned to 
Kennecott Copper Corp., New York). Process for 
the Recovery of Molybdenum Values. Canadian 
Pat. 852,133, Sept. 22, 1970. 

(assigned to Kennecott Copper Corp., 
New York). Process for the Recovery of Molyb- 
denum Values as High Purity Ammonium Para- 
molybdate From Impure Molybdenum-Bearing So- 
lutions With Optional Recovery of Rhenium 
vues If Present. U.S. Pat. 3,458,277, July 29, 
1969. 

Sakurai, Hyoichiro (assigned to Mitsubishi Pe- 
trochemical Co., Ltd., Tokyo, Japan). Recovery 
of Rhenium From Catalysts Containing Nickel or 
Iron. West German Pat. 1,942,191, Feb. 26, 1970. 


1222 


The kinetics of molybdenite roasting and 
rhenium volatilization were evaluated in a 
multiple-hearth furnace.?1 


The lattice dilation of W-Re, chromi- 


um-rhenium (Cr-Re) and Mo-Re alloys ` 


plays an insignificant role in the rhenium 
ductilizing effect in the Group VIA refrac- 
tory metals.22 


MINERALS YEARBOOK, 1970 


Bend test evaluations of the weldability 
of arc-cast W-25Re and W-25Re-30Mo al- 
loys indicated that the W-Re alloy had im- 
proved thermal shock resistance, but the 
W-Re-Mo alloy exhibited extensive hot 
tearing and poor weldability. However, 
W-25Re-30-Mo alloy made by standard 
powder metallurgical techniques exhibited 
excellent weldability.23 


SCANDIUM ?* 


Scandium, produced in small quantities 
as a byproduct of uranium processing, is 
being used commercially in small but in- 
creasing amounts in the manufacture of a 
recently developed high-intensity lamp. De- 
pleted domestic supply of raw materials is 
slowly being replaced by imports. Prices 
for the materal and its compounds have 
declined because of the lower costs of raw 
materials. 

Domestic Production.—During 1970, a 
reduced number of specialty chemical firms 
were engaged in the production, refining, 
and sales of scandium. Research Chemicals, 
a division of Nuclear Corp. of America, 
Phoenix, Ariz., produced and refined scan- 
dium on a regular basis. Atomergic Che- 
metals Co., Division of Gallard-Schlesinger 
Chemical Manufacturing Corp. Carle 
Place, N.Y. deals in scandium and pro- 
duced intermittently. Sales of scandium are 
handled by Alfa Inorganics, Inc., Beverly, 
Mass., and King Products, Inc., Arlington, 
N.J. 

Several kilograms of scandium were pro- 
duced at about the same level as in pre- 
vious years. Although scandium has been 
extracted from the mineral thortveitite, 
the primary commercial source since 1960 
has been concentrate from waste solutions 
derived from uranium processing. Domestic 
uranium mills have not produced scan- 
dium-bearing solutions since 1964. Output 
of scandium has come from producers’ 
stocks or concentrates imported from Aus- 
tralia and Canada. 

Potential supplies of scandium from do- 
mestic uranium ore are large, but una- 
vailable from current processing methods. 
Other domestic sources of scandium are 
phosphate rock and tungsten concentrate, 
but the limited scandium market does not 
make it profitable to extract. Small 
amounts of thortveitite may still be im- 
ported from Norway. The only thortveitite 


found in the United States was reported in 
1963 to be near Darby, Mont.25 

Uses.—Two companies are employing 
scandium in a new form of metal halide 
lamp. One version recently developed by 
Sylvania Electric Products, Inc., is called 
Metalarc. Westinghouse Electric Corp. is 
currently manufacturing a similar lamp. 
Basically mercury vapor lamps containing 
sodium oxides, these high-intensity lamps 
also use small amounts of high-purity 
scandium metal because of the multilined 
spectrum of incandescent scandium vapor. 
The combination of materials provides 
high illuminating efficiency and a color 
range close to natural sunlight. Presently 
being used at night sporting events, espe- 
cially those televised in color, and for auto- 
mobile showrooms, it is expected that 
usage will continue to expand into areas 
where strong lighting and natural color 
rendering are important. These lamps have 
the disadvantage of costing several times 
more and having about one-third the life 
of a straight mercury vapor lamp. Compe- 
tition may also come from lamps using 
dysprosium and thallium. General Electric 
Co. has a lamp employing sodium, thal- 
lium, and indium. Despite the possibility 
of competition from other materials, it is 
estimated that the several kilograms of 
scandium now used for these lamps will 


21 Coudurier, Lucien, Igor Wilkomirsky, and 
Georges Morizot. Molybdenite Roasting and 
Rhenium Volatilization in a Multiple-Hearth Fur- 
nace. Inst. of Min. £ Met. Trans./Sec. C., (Lon- 
don), v. 79, No. 760, March 1970, pp. C34—C40. 

* Garfinkle, Marvin. Effect of Rhenium Alloy- 
ing On Lattice Dilation of the Group VIA 
Refractory Mus Met. Trans., (Met. Soc. of 
AIME), v. 1, No., 1, 1970, pp. e TR 

23 Lessmann, G. d » and R. Gold. Weldabil- 
ity of Tungsten-Base Alloys. Welding J., v. 48, 
No. 12, December 1969, 15 pp. 

2 By John A. Stock, mining engineer, Division 
of Nonferrous Metals. 

25 Parker, R. L., and R. G. Havens. Thortvei- 
tite Associated: With Fluorite, Ravalli County, 
Mont. U.S. Geol. Survey Research, Prof. Paper 
475-B, 1963, pp. B-10, B-11. 
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triple in the next five years. Production of 
mercury-sodium-scandium lamps is also un- 
derway in the United Kingdom by a sub- 
sidiary of Sylvania and by companies in 
Germany, Holland, and Japan. 

Other uses of scandium are for security 
classified research supported by the Gov- 
ernment, and for tracing fluid flows in oil 
wells with milligram quantities of the ra- 
dioisotope Sct6. This latter use may face 
competition from californium-252, which 
has been studied in the field as a tracer. 26 

Prices.—The metal has been quoted at 
from $4.40 to $10 per gram, the oxide 
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from $2.80 to $3.50 per gram, and salts 
(chlorides, nitrates, sulfates, oxalates, and 
acetates) from $2 to $2.50 per gram. Scan- 
dium foil was priced from $25 to $128 per 
gram, and quotations for punched disks 
ranged from $110 to $140 per gram (high 


purity). Comparisons with other years 
show significant reduction in prices in 
1970. 


Technology.—Little information was 
available on developments in technology 
during the year, but a patent was granted 
for the recovery of scandium values from 
rare-earths by ion exchange.27 


SELENIUM 7° 


Following a strong trend in the first 
quarter, production and shipments of se- 
lenium during the fourth quarter declined 
60 and 57 percent, respectively. 

On March 4, the Office of Emergency 
Preparedness reduced the stockpile objec- 
tive for selenium from 475,000 pounds to 
zero. Since the inventory equals the objec- 
tive, this quantity became available for 
sale after congressional approval had been 
attained. 

Domestic  Production.—Selenium was 
produced at four plants operated by the 
following major electrolytic copper refi- 
ners: American Metal Climax, Inc., Car- 
teret, NI: American Smelting and Refin- 


ing Co., Baltimore, Md.; International 
Smelting & Refining Co., Perth Amboy, 
N.J.; and Kennecott Copper Corp., Gar- 


field, Utah. Crude selenium containing ma- 
terials produced at other plants were 
transferred to these four plants for refin- 
ing. 

Consumption and Uses.—Selenium was 
used primarily in the glass industry. Small 
percentages were used to neutralize the 
green tint caused by iron, and larger per- 


centages to tint glass used in construction 
and transportation industries to decrease 
heat transfer. In still larger percentages it 
was used with cadmium to produce orange 
and red glasses used in transportation sig- 
nals and decorations. The use of selenium 
in the production of rectifiers declined, 
but remained about the same as in 1969 in 
xerography, where it is used in an arsenic 
alloy as the photoconductive material. 

Prices.—The producers prices for com- 
mercial and high-purity selenium were 
raised from $7 and $8.50 per pound to $8 
and $9.50 on January 1. On October 5 the 
price was raised to $9 and $10.50 per 
pound. Dealers’ quotations dropped from 
$20 to $25 per pound in January to a level 
near producers’ prices during the remain- 
der of the year. 

Foreign Trade.—Imports for consump- 
tion of selenium declined 17 percent but 


2 U.S. Atomic Energy Commission. Califor- 
nium-252 Progress. No. 4, August 1970. p. 15. 

27 Orlandini, K. A., and J. Korkisch (assigned 
to the U.S. Atomic Energy Commission, oe 
1971). U.S. Pat. 3,554,693, Tan. 12, 1971, 

28 By John W. Cole, physical scientist, Division 
of Nonferrous Metals. 


Table 9.—Salient selenium statistics 


(Thousand pounds of contained selenium) 


United States: 
Production.. --------------------------- 
Shipments to congaumerg 
Imports for consumption 
Stocks, Dec. 31, producers 
Price per pound, commercial grade 
World: Production 


r Revised. 


1966 1967 1968 1969 r 1970 
620 598 633 1,247 1,005 
845 659 941 1,429 1,056 
286 301 583 546 454 
797 73 428 240 189 
$4.50-$6 $4.50-$6 $4.50-$6 $7-$8.50 $9-$10.50 
1,973 2,051 1,946 2,789 2,392 
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the value of imports increased 29 percent. 
Canada continued to be the principal sup- 
plier as shown in the following list: 


U.S. imports for consumption of selenium, 
by countries 
(Thousand pounds and thousand dollars) 


Quantity Value 


Country — mb 
Unwrought, waste 
and scrap 
Australian 5 0 
ENT TEE 428 4,056 
Germany, West (1) 
iu. PRENNE AN 1 6 
€ 434 4,105 
Oxide (selenium 
content 
Canada. anna dos 12 116 
Germany, West (1) 1 
United Kingdom................ 8 101 
Total. z Su. a Bes 20 218 


1 Less than 1⁄4 unit. 


Exports were about 25 percent less than 
in 1969. 

World Review.—The United States, Can- 
ada, and Japan continued to lead the 
world in selenium production, with 42, 26, 
and 19 percent, respectively, of the free 
world production. A selenium refinery with 
a capacity of 20,000 pounds per year was 
added to the Government-owned Las Ven- 
tanas copper refinery, Valparaiso, Chile. 

Technology.—Abstracts were published 
covering more than 2.600 published books 
and scientific papers that contain refer- 
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Table 10.—Selenium: World production, 
by countries 1 
(Thousand pounds of contained selenium) 


Country ? 1968 1969 1970 p 
Australia aa 4 4 4 
Belgium- Luxembourg _ 54 46 53 
Canada 636 r 796 604 
Finland................ 16 14 15 
Japan 399 435 449 
Mexico 2 42 42 

%%%» A 13 15 15 
Sweden r 168 e 170 170 
United States 633 71,247 1,005 
Yugoslavia............- r 21 20 35 

Teta! sieaaa r 1,946 2,789 2,392 
e Estimate. p Preliminary. r Revised. 


1 Insofar as possible, data relate to refinery output 
only. Thus countries such as Chile, Congo (Kinshasa), 
ops and Zambia that produce major quanti- 
ties of selenium in copper ores and concentrates, but 
do not recover elemental selenium, are excluded to 
avoid double counting. 

2 In addition to the countries listed, West Germany 
and the U.S.S.R. are known to produce refined sele- 
nium, but available information is inadequate to make 
reliable estimates of output levels. 

* Exports. 


ences to selenium and tellurium.29 A pat- 
ent was issued 39 covering the use of niob- 
ium (columbium) diselenide (NbSez) mixed 
with carbon and resin to produce a self-lu- 
bricating brush that is useful for high alti- 
tude or vacuum applications. 


A comprehensive study of the technology 
of selenium and selenides 31 became gener- 
ally available to researchers. Results of 
original research are discussed as well as 
information from Soviet and foreign litera- 
ture. 


TELLURIUM * 


Demand for tellurium was about 8 per- 
cent less than in 1969, which resulted in 
decreases in production, and imports. Ship- 
ments by producers increased and yearend 
stocks of refined tellurium declined to the 
lowest level since 1963. 

Domestic Production.—Production of tel- 
lurium was reported by the following com- 
panies: American Metal Climax. Inc., Car- 
teret, N.J; American Smelting and 
Refining Co., Baltimore, Md.; International 
Smelting & Refining Co. Perth Amboy, 
N.].; and United States Smelting Lead Re- 
finery, Inc., East Chicago, Ind. 

Consumption and Uses.—The metallurgi- 
cal industry consumed over 80 percent of 
the tellurium used in the United States. It 
was used in steel and copper to facilitate 
machinability, in white cast iron as a car- 


bide stabilizer, and in lead to improve cor- 
rosion resistance. Over 10 percent was used 
in rubber and miscellaneous plastic prod- 
ucts. The remainder was used in chemical 
and allied products. 


Foreign "Trade.—Imports for consump- 
tion of tellurium decreased 48 percent in 


2 Selenium and Tellurium Development Asso- 
ciation, Inc. Selenium and Tellurium Abstracts, 
New York, 1970. 

30 Boes, David J., William Dwight Johnston, 
and Lawrence E. Moberly (assigned to Westing- 
house Electric Corp.). Electrically Conductive 
Niobium Diselenide Solid Lubricant Members. 
U.S. Pat. 3,523,079, Aug. 4, 1970. 

21 Chizhikov, D. M., and V. P. Shchastlivyi. Se- 
lenium and Selenides. Selenium and Tellurium 
Development Association, Inc., New York, 1968, 
03 pp. 

32 By John W. Cole, physical scientist, Division 
of Nonferrous Metals. 
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Table 11.—Salient tellurium statistics 
(Thousand pounds of contained tellurium) 


United States: 


Production, primary and secondary--..-...---.-. 
Shipments to consumers 
Stocks, Dec. 31, producers 
Imports "euo 
Price per pound, commercial grade 
World: Production 


r Revised. 


quantity and 41 percent in value; 
were as follows: 


they 


U.S. imports for consumption of tellurium, 
by country 
(Thousand pounds and thousand dollars) 


Country Quantity Value 
Canada 29 $168 
Germany, West (1) (1) 

FFC IS 3 184 
Switzerland (1) 1 
Total... ee: 64 853 


1 Less than 1⁄ unit. 


World Review.—The United States pro- 
duced 44 percent of the free world produc- 
tion of tellurium; Japan moved up to sec- 
ond place with 22 percent; and Peru was 
third with 17 percent. 

Technology.—A comprehensive study of 
tellurium and tellurides was published in 
English.33 Results of original research are 


1966 1967 1968 1969 + 


199 135 121 234 158 
215 172 201 182 209 
195 186 157 177 128 

18 91 71 112 64 


$6 $ $6 $ 
334 270 258 395 357 


described as well as information from So- 
viet and foreign literature. 


Table 12.—Tellurium: World production, 
by countries 1 


(Thousand pounds of contained tellurium) 


Country ?2 1968 1969 1970 v 
Canada --------- 71 72 59 
Japan gn eee ce 31 51 78 
POPU A 35 38 62 
United States 121 234 158 

Total, 258 395 857 


p Preliminary. 

! Insofar as possible, data relate to refinery output 
only. Thus countries such as Chile, Congo (Kinshasa), 
and Zambia that produce major quantities of tel- 
lurium in copper ores.and concentrates, but do not 
recover elemental tellurium, are excluded to avoid 
double counting. 

2 In addition to the countries listed, Australia, Bel- 
gium, West Germany, and the U.S.S.R. are known to 

roduce refined tellurium, but available information 
e 5 to make reliable estimates of output 
evels. 


THALLIUM ?* 


The applications of thallium or its com- 
pounds are at the present time limited. 
The toxic nature of thallium seems to 
deter its use. 


Domestic Production.—The American 
Smelting and Refining Co., Denver, Colo., 
was the only domestic producer of thal- 
lium and thallium compounds. The com- 
pany produced less thallium or thallium 
compounds than in 1969. Shipments to 
consumers were also less than in 1969. 


Consumption and Uses.—Thallium is 
used principally for electronics and low- 
melting alloys with the consumption being 
divided equally (40 percent for each). 
Even with the curtailment of thallium 
compounds as agricultural pesticides, about 
10 percent of the thallium is still being re- 
leased to this end use. Organometallic 
chemistry consumes about 5 percent of the 
thallium. Organothallium compounds are 


used for synthesizing new organic com- 
pounds. Finally, about 5 percent is being 
used in development research. 


Prices.—The price for thallium in 25- 
pound lots has been $7.50 per pound since 
December 1957. 


Foreign Trade.—Imports for consump- 
tion of thallium (unwrought, waste and 
scrap) have doubled those of 1969, to 
1,250 pounds at a value of $4,556. Thal- 
lium containing compounds amounted to 
2,050 pounds valued at $7,235. 


Technology.—New developments for 
thallium are the thallium oxide resistive 
glazes for printed circuits. Interest has de- 
veloped in the use of thallium in low tem- 


33 Chizhikov, D. M., and V. P. Shchastlivyi. 
Tellurium and Tellurides. Selenium and Tellur- 
ium Development Association, Inc., New York, 
1970, 297 pp. 

34 By Herbert R. Babitzke, 
Division of Nonferrous Metals. 


physical scientist, 
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Table 13.—U.S. imports for consumption of thallium, by countries 


Compounds (gross weight) 


Unwrought, and waste 


Country of origin and scrap 
Pounds Value Pounds Value 

Belgium-Luxembourg. --------------------- 57 $527 450 $1,696 
Frantë mola 0 5m ⁊ĩð ee 88 500 ü io nu 
Germany, West 1.451 3,290 800 2,860 
A ß A e " uo ese 
United Kingdom 94 E EE 
% ³ĩðV.0A ³·¹¹AA A 2,050 7,235 1,250 4,556 


perature alloys. TI-Hg alloy has a low 
melting eutectic at —59% C,35 and the ter- 
nary Tl-In-Hg alloy system has cven a 
lower melting eutectic of —63° C, 36 which 
makes these alloys useful materials for 
low-temperature thermometry. 


35 Hansen, Max. Constitution of Binary Alloys. 
Metallurgy and Metallurgical Engineering Series. 
McGraw-Hill Book Co., Inc., New York, 2d ed., 
1958, 842 pp. 


38 Freeberg, Benjamin F. (assigned to Vapor 
Corporation, Lombard, Ill.). Alloys of Mercury. 
U.S. Pat. 3,087,811, Apr. 30, 1963. 


Minor Nonmetals 


By Staff, Bureau of Mines 


CONTENTS 
Page Page 
Greensand ____ . a 1227 Quartz crystal ___________________ 1232 
Iodine nos ool ied 1227 Staurol ite 1233 
Lithium |. | |. | | . .  ——— 1230 Strontium _____ 1233 
Meerschaum _____ 1232 Wo,llastonite _ ss |. . |. .. 1234 
GREENSAND 1 


Domestic production of greensand (glau- 
conite) increased 10 percent in quantity 
and 20 percent in value compared with 
that of 1969. The average annual produc- 
tion for 1966-70 was 3,276 short tons valued 
at $216,000. The material was used for soil 
conditioning and water softening. 

Greensand was produced by Kaylorite 
Corp. near Dunkirk, Md., and by Inver- 


sand Co., near Sewell, N.J. Information on 
production and sales for 1970 is withheld 
to avoid disclosing individual company 
confidential data. 

A cooperative agreement between the 
Bureau of Mines and the State of Dela- 
ware (Geological Survey) to sample and 
evaluate Delaware greensand for potential 
uses continued. 


IODINE ? 


Consumption of crude iodine established 
a record high in 1970 for the third year in 
a row. Domestic output remained at the 
same level, but imports increased slightly 
in tonnage and sharply in value, as com- 
pared with 1969. 


Crude iodine production in the free 
world rose by 29,000 pounds or approxi- 
mately 18 percent, almost all accounted for 
by Japan, which gained ground as the 
world's leading producer. This increase, 
however, was still not adequate to meet 
demand. The short-supply situation caused 
radical advances in iodine price, which 
stood at $1.24 to $1.30 per pound in De- 
cember 1969 as compared with $1.45 to 
$1.59 in December 1970. Japan, holding at 
$1.45 near the end of the year, was trying 
to decide on an appropriate boost in price. 

Legislation and Government Programs. 
—On December 31, 1970, the Government 
strategic stockpile contained 2,955,692 
pounds of crude iodine and 5,056,147 
pounds of supplemental stockpile for a 


total of 8,011,839 pounds. The stockpile 
objective for iodine, established by the 
Office of Emergency Preparedness, is 8 mil- 
lion pounds. There were no deliveries or 
withdrawals of iodine in the Government 
stockpile program in 1970. 

Depletion allowances for domestic iodine 
producers were changed under terms of 
the Tax Reform Act of 1969. Effective 
with taxable years beginning after October 
9, 1969, the depletion allowance for iodine 
from both domestic and foreign production 
is 14 percent of gross income, not to ex- 
ceed 50 percent of net income without the 
depletion deduction. 

Domestic Production.—The Dow Chemi- 
cal Co., the only domestic producer, em- 
ployed a process that has been in use since 
the start of operations in 1964 to recover 
crude iodine from well brines at Midland, 
Mich., as a coproduct with bromine, cal- 


1 By Donald E. Eilertsen, physical scientist, Di- 
vision of Nonmetallic Minerals. 

2 By K. P. Wang, supervisory physical scientist, 
Division of Nonmetallic Minerals. 
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cium and magnesium compounds, and pot- 
ash. Production was practically the same as 
in 1969, but value increased by nearly 14 
percent. 

Consumption and Uses.—Based on re- 
turns from questionnaires, approximately 
4.9 million pounds of crude iodine was 
consumed by 38 firms in 14 States, Lead- 
ing iodine-consuming States in 1970, in de- 
scending order of magnitude, were Mis- 
souri, New York, New Jersey, and Pennsyl- 
vania, which together accounted for more 
than four-fifths of the total crude iodine 
consumption. 

This information is indicative of the use 
pattern, but is not necessarily completely 
comprehensive. Imports alone have been 
consistently higher than reported consump- 
tion, with net differences as follows, in 
thousands of pounds: 1968—1,432; 1969— 
803; and 1970—989. A more exact estimate 
of apparent consumption cannot be pub- 
lished because U.S. production figures for 
crude iodine cannot be revealed. 

Increases were reported in the amount 
of crude iodine consumed in producing re- 
sublimed iodine, potassium iodide, sodium 
iodide, and organic iodine-containing com- 
pounds. Major uses of iodine included 
photographic chemicals, household and in- 
dustrial disinfectants, pharmaceutical prep- 
arations, and animal and fowl feeds. Lesser 
amounts of iodine were consumed in mak- 
ing high-purity metals, motor fuels, iodized 
salt, smog inhibitors, swimming pool 
Sanitizers, lubricants, and catalysts in 
chemical processes. 

Prices.—Mid-1970 prices for crude io- 
dine, c.i.f. United States, were increased 
from $1.30 to $1.45 per pound by the Mit- 
subishi International Corporation for Japa- 
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Corporation for Chilean iodine and the 
Dow Chemical Co. for domestic iodine in- 
creased prices to $1.59. Prices for resub- 
limed iodine and iodine compounds in- 
creased accordingly. Late in the year, higher 
prices were imminent because of the 
world iodine shortage. Quoted prices for io- 
dine and iodine compounds at yearend 
1970 were as follows: 


Per pouud 
Crude iodine, drumg $1.45-$1.59 
Resublimed iodine, U.S.P., drums, f.o. 

b. works 3.49-8.51 
Calcium iodate, drums, delivered 2.10-2.20 
Calcium iodide, 35-pound drums, f.o.b. 

„ eke eee, 5.98 
derer iodide, U.S.P., crystals, 

00 to 999 pounds, deliv- 

e 2.23 
Potassium iodide, U.S. P., crystals, 

drums, smaller lots, delivered AR 2.25 
Sodium iodide, U.S.P., crystals, 300- 

pound drums, freight equalized _ _ 8.01 


Source: Oil, Paint and Drug Reporter. 

Foreign Trade.—Crude iodine imported 
into the United States in 1970 increased 
3.5 percent in quantity and 18.5 percent in 
value over 1969 figures. The average value 
of imported crude iodine rose from $1.01 
per pound in 1969 to $1.15 per pound in 
1970, reflecting increases in price by all 
suppliers. More than 5.9 million pounds of 
crude iodine was imported, 72 percent of 
which was from Japan and 27 percent 
from Chile. Imports of resublimed iodine 
were nominal as compared with imports of 
crude iodine. 

On January 1, 1971, tariff rates were 
lowered from 7 to 6 cents per pound on 
resublimed iodine and from 17 to 15 cents 
per pound on potassium iodide. These re- 
ductions were part of a program to reduce 
the tariffs on resublimed iodine and potas- 


nese iodine. The Chilean Nitrate Sales sium iodide to 5 and 12 cents per pound, 
Table 1.—Crude iodine consumed in the United States 
1969 1970 
Crude iodine consumed Crude iodine consumed 
Products J ee Ain Vie 8 1 epe E 
Number Thousand Percent Number Thousand Percent 
of plants pounds of total of plants pounds of total 
Resublimed iodine 8 0 8 6 117 2 
Potassium iod ide 9 1,898 39 10 1,907 39 
Sodium jodide 4 W W 4 W W 
Other inorganic compounds 15 733 15 19 971 20 
Organic eompoun dss 26 1,866 38 21 1,921 39 
Total- -2-2-2-0 140 4,902 100 1 38 4,916 100 


W Withheld to avoid disclosing individual company confidential data; included with “Other inorganic 


compoun 


1 Nonadditive total because some plants produce more than one product. 
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respectively, by January 1, 1972. Crude io- 
dine enters the United States duty free. 

World Review.—Chile—Production of 
crude iodine in 1970 was 2,750 short tons 
(preliminary), about 2 percent more than 
in 1969. The Chilean nitrate industry, 
which produces iodine as a byproduct, 
went through a 44-day strike that ended 
April 28. However, this did not seriously 
affect iodine extraction since adequate ni- 
trate was available for processing. At year- 
end 1970 Chile’s iodine production capac- 
ity was about 3,500 short tons per year. In 
view of the difficulties in selling nitrate, 
there were no immediate plans to expand 
costly iodine processing facilities. 

Japan—Japan strengthened its position 
as the world’s foremost iodine producer 
during 1970. Its output of 6,497 short tons 
of crude iodine (5,092 tons in 1969) was 
approximately 2.35 times that of Chile, the 
only other major world producer. More 
than two-thirds of the Japanese production 
was exported, principally to the United 
States, which took about 2,100 short tons 
in 1970. Japan’s other iodine markets in- 
cluded European Economic Community 
(EEC) countries, the United Kingdom, 
India, mainland China, and Canada. 

Japan’s iodine was produced from natu- 
ral gas brines by six firms operating 15 
plants. All of the plants are located on 
Chiba Peninsula east of Tokyo, except one 
in the north, Niigata. Two plants came on 
stream in 1970, one in March with 660 
short tons per year, and another in July 
with 290 tons per year. One manufacturer 
has a 22-mile long pipeline on Chiba to 
deliver brine to its processing plant. 

At yearend 1970 the cutoff grade for 
Japanese natural gas brines was 60 milli- 
grams of iodine per liter or 60 parts per 
million (ppm), but most brines worked 
contained 70 ppm. Initially, the activated 
carbon process was used, and later on, the 
ion-exchange process. Further improved 
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methods, developed by the Mitsui Toatsu 
Chemicals Co. and the Ise Chemical In- 
dustries Co., indicate that the cutoff grade 
can be lowered to 40 ppm. This means that 
gas brines of Niigata analyzing 40 to 60 
ppm might well be utilized. In fact, 
Teikoku Oil Company, Japan's largest nat- 
ural gas producer with facilities in Niigata, 
was considering entry into the business of 
iodine extraction. 

Japan's iodine producers have been pros- 
perous, paying 10 to 30 percent dividends 
in recent years. An export cartel called the 
Japan Iodine Export Corporation was or- 
ganized in 1959 to control prices and ton- 
nages. This body has been responsible for 
holding the price line at $1.45 per pound 
of iodine at yearend. Such a price may not 
continue too long, however, since Chilean 
Nitrate and Dow Chemical will both raise 
prices to $2.27 in early 1971. Undoubtedly, 
Japan will raise its price to what, the 
world market can stand, which most likely 
would be slightly lower than prices set by 
its competitors. 

The outlook for the Japanese iodine in- 
dustry was particularly bright at yearend. 
Reserve estimates were raised severalfold, 
to 3 million tons of iodine in 2 billion 
cubic feet of natural gas. Japan's output of 
iodine had already risen 29 percent in 
1969 and another 28 percent in 1970. De- 
spite subsidence and pollution-control dif- 
ficulties in some operations, Japanese io- 
dine production is likely to increase 
considerably in the next few years, in view 
of the good resources available, the rising 
world demand, and the probability that 
Chilean output will remain at a stationary 
level. To further strengthen their supply 
position, the Japanese have signed a con- 
tract to produce iodine from Indonesian 
brines. 


3 U.S. Embassy, Tokyo, Japan. State Depart- 
ment Airgram A-51, Jan. 22, 1971, 3pp. 


Table 2.—U.S. imports for consumption of crude iodine, by countries 
(Thousand pounds and thousand dollars) 


1968 1969 1970 

Country ——ä' ä —  ——— 1 — —%————— k 
Quantity Value Quantity Value Quantity Value 
NCAA TA 2,426 $2,080 2,308 $2,215 1,585 $2,061 
Germany, West 8 )) o, ll ee 
Hang f?ĩf³? ñ ⁵ ↄ f! Dadus use 70 74 
ADAD. 2 si é 3,454 3,513 3,397 3,538 4,250 4,684 
TOUM AMA -.. 5,883 5,594 5,705 5,753 5,905 6,819 
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Technology. —Treatment of  oil-well 
waste brines to recover iodine became 
more attractive from an economic view- 
point because of the presence of many val- 
uable elements, requirements of pollution 
control, and higher iodine prices.“ 

Recent weather modification research has 
greatly increased understanding of cloud 
processes and the effects of various cloud 
seeding treatments.5 The most significant 
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research advancements were in simulation 
models and classification of cloud data. 
The effects of seeding, mainly with silver 
iodide, depend on factors like temperature, 
cloud nuclei present, and where and how 
new nuclei are added. 

A process involving the use of an 
aqueous solution of lithium iodide-lithium 
bromide as the refrigerant in an absorp- 
tion refrigeration system was patented.6 


LITHIUM 7 


Domestic output of lithium minerals, in- 
cluding lithium carbonate from brines, in- 
creased substantially over that of 1969 and 
was the largest ever reported. Imports for 
consumption of lithium ore were about 55 
percent greater than the quantity imported 
in 1969. 

Legislation and Government Programs. 
—Ad valorem tariffs on lithium metal were 
17 percent and on lithium compounds 7 
percent during 1970; lithium mineral con- 
centrates are imported duty free. At year- 
end 6,490 short tons of lithium hydroxide 
monohydrate were held by General Serv- 
ices Administration under the Federal 
Property Act; although a small quantity 
was offered for sale during 1970, none was 
sold. 

Domestic Production.—Foote Mineral Co. 
mined and milled spodumene from peg- 
matites at Kings Mountain, N.C., and also 
recovered lithium carbonate from brines 
at Silver Peak, Nev. Lithium Corp. of 
America, a subsidiary of Gulf Resources 
and Chemical Corp. mined and milled 
spodumene near Bessemer City, NC: 
American Potash and Chemical Corp. re- 
covered lithium carbonate from brines at 
Trona, Calif. 

Processors of lithium raw materials to 
lithium primary products were Foote Min- 
eral Co., Sunbright, Va., and Silver Peak, 
Nev.; American Potash and Chemical 
Corp., Trona, Calif.; and Lithium Corp. of 
America, at Bessemer City, N.C. Produc- 
tion data were not available for publica- 
tion. 

Consumption and  Uses.—Domestically 
produced lithium minerals were processed 
into numerous lithium chemicals for a 
wide variety of applications. Major uses 
were in aluminum metal production, ce- 
ramics, greases, air conditioning, alloying, 
welding and brazing, swimming pool sani- 


tation, and organic synthesis. Lithium car- 
bonate was approved by the Food and 
Drug Administration for treatment of the 
manic phase of manic-depressive psychosis. 

Lithium Corp. of America announced the 
development of a new family of butadiene 
resins suited for use in. rubber, paints, and 
coatings.8 

Prices.—The Oil, Paint and Drug Re- 
porter quoted prices for lithium metal and 
compounds at yearend as follows: 


Per pound 
Lithium metals, 1,000-pound lots or 
more, delivered. ................. $8.18 
Lithium carbonate, carlots, truck loads, 
delivered, in drums . 52 
Lithium chloride, anhydrous, carlots, 
truck loads, delivered, in drums .87 
Lithium fluoride, carlots, truck loads, 
delivered, in drums............... 1.55 
Lithium hydride, carlots, truck loads, 
delivered. u 7.80 


Lithium hydroxide, monohydrate, car- 

lots, truck loads, delivered, in 

OPUS oo ee Lc ace . 59 
Lithium nitrate, technical 100-pound 

lots, in drums 1.25-1.55 
Lithium stearate, 50-pound cartons, 

.carlots, works, freight allowed..... .58 


1.20-1.30 


Foreign Trade.—Exports of lithium hy- 
droxide during 1970 were 1,366,415 pounds 
valued at $614,180. Quantitative data on 
U.S. exports of lithium minerals and lith- 
ium metal, alloys, and other compounds 
were not available. U.S. imports of lithium 
minerals were 55 percent greater than in 
1969. The Republic of South Africa sup- 


4 Collins, A. G. Finding Profits in Oil-Well 
Waste Waters. Chem. Eng., V. 77, No. 20, Sept. 


21, 1970, pp. 165-168. i 
Š Science (AAAS). Weather Modification: A 
V. 172, No. 3983, 


Technology Coming of Age. 
May 7, 1971, pp. 548-549. 

6 Harlowe, W. W., and W. E. Hensel. Lithium 
Bromide-Lithium Iodide Compositions for Ab- 
sorption Refrigeration System. U.S. Pat. 3,524,815, 
Aug. 18, 1970. 

1 By Donald C. Wininger, physical scientist, Di- 
vision of Nonmetallic Minerals. 


8 The Lithium Age. Lithium Creates New Fam- 
ily Of Polymer Resins. Autumn 1970, pp. 1-2. 
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plied 78 percent of all the mineral im- 
ports. As a result of trade sanctions, there 
were, for the second year, no domestic im- 
ports from Southern Rhodesia. 

Imports of lithium (unspecified form) 
were 244 pounds valued at $764, princi- 
pally from West Germany with a minor 
quantity from the United Kingdom. 

There was 55,812 pounds of lithium 
compounds valued at $125,681 imported 
primarily from France (99.5 percent) , with 
small amounts from the United Kingdom 
and West Germany. 

World Review. — Canada. — Tantalum 
Mining Corporation of Canada supplied 
sample quantities of spodumene from their 
Bernic Lake deposit in Manitoba to a U.S. 
glassmaker for concentration. 

Chile.—The Chilean government an- 
nounced that large deposits of lithium and 
potassium salts were found in the Salar de 
Antacoma in Northern Chile. Reserves are 
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estimated to be 1.2 million tons of lithium 
salts.? 

Technology.—A new reverse flotation 
technique for concentrating spodumene 
was developed by the Canadian Dept. of 
Energy, Mines, and Resources. The process 
uses a commercially available surfactant 
that floats the gangue, leaving a tailings 
concentrate that contains over 6 percent 
lithium oxide and less than 1 percent iron. 
An additional benefit is that the reagent is 
readily biodegradable.10 

According to several articles in the Jour- 
nal of the Electrochemical Society, research 
continues on the use of lithium in various 
ways in battery and fuel-cell generation of 
electrical power. 


9 The Mining Journal (London). Chilean 
Lithium-Potassium. V. 274, No. 7036, June 26, 
1970, p. 597. 

10 Chemical Week. A Commercial Surface-Active 
Agent Plays a Key Role. V. 107, No. 10, Sept. 2, 
1970, p. 90. 


Table 3.—U.S. imports for consumption of lithium ore, by country of origin 
and U.S. customs district 


1969 1970 
Country and customs district Value Value 
Short tons (thousands) Short tons (thousands) 
Canada: 
Bula lO er ———————— Pla MN 467 $10 
Pombiña E 200 $2  .  . xm es 
dioc MEIN C ³ A 88 200 2 467 10 
South Africa, Republic of: Balt imore ` 1,188 64 1,678 118 
NEE 1,388 66 2,145 128 
Table 4.—Lithium minerals: Free world production, by countries 
(Short tons) 

Country ! Mineral produced 1968 1969 1970 p 
Argentina. Not specified........... 140 388 e 400 
Australia 2 aa, ED %% 827 795 e 820 
Brazil EE %;;ͤͤ «eee 1,709 NA 
Oanada MNT Spodum ene 200 467 
Mozambique Lepido lite 824 461 111 


Rhodesia, Southern tt. o „ 


Not 5 FCC 


South Africa, Republic of ------------------ ---- 99S r 41 39 

South-West Africa, Territory of e.. %%öÄ A 1,340 4,372 7,616 
(BT TEE Amblygon ite 99000 dëi 
United States Not specified........... w W w 


e Estimated. p Preliminary. r Revised. 


dividual company confidential data. 


NA Not available. 


W Withheld to avoid disclosing in- 


1 In addition to the countries listed, others (notably the U.S.S.R.) may produce lithium minerals, but output 
is unreported and general information is inadequate to make reliable estimates fo output levels. 


2 Exports. 
3 U.S. imports. 


4 Output has not been reported since 1964, but presumably has continued. Estimates given are simply the 
1964 total output rounded to the nearest thousand tons, and are presented only to indicate order of magnitude, 
there being no assurance that the level of output has not varied (See also footnote 5). In 1964, total reported 
5 was distributed as follows, by mineral, in short tons: Eucryptite—806; lepidolite—22, 943; pet a- 
i 


te—36,449; spodumene—-6,965. 


5 Output has not been reported since 1966, but presumably has continued, inasmuch as a number of countries 
record imports from “South Africa” that considerably exceed reported output of the Republic of South Africa. 
Estimates given represent total reported imports from South Africa by the United States and the European 


Community less the reported output of the 


epublic of South Africa. These quantities, however, may include 


significant amounts originating in Southerw Rhodesia (See footnote 4) rather than in the Territory of South- 
est, Africa. In 1966, total reported production was distributed as follows, by mineral, in short tons: Ambly- 


gonite—30; lepidoite—365; petalite—1 , 344. 
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MEERSCHAUM 7 


U.S. demand for meerschaum continued 
to be supplied by imports in 1970. The 
quantity imported for consumption was 
24,218 pounds, a 13-percent increase over 
that of 1969. However, a lower average 
unit value resulted in a 29-percent de- 
crease in value to $29,760. Sources of the 
imports, as in 1969, were Turkey and the 
Somali Republic; the latter supplied 98 


percent. Until 1969, Turkey was the major 
supplier of meerschaum to the United 
States. Exports of meerschaum in raw form 
for electrical insulation and exhaust gas 
purification have now been forbidden by 
Turkey.12 

The primary domestic use of meer- 
schaum continued to be in pipes and ciga- 
rette holders. 


QUARTZ CRYSTAL ** 


Electronic-Grade 


The consumption of raw quartz crystal, 
both natural and manufactured, declined 
12 percent from that of 1969. Manufac- 
tured quartz consumption declined 21 per- 
cent. The production of finished units de- 
clined slightly. 

Legislation and Government Programs. 
—The Government continued to maintain 
a stockpile objective of 320,000 pounds of 
electronic-grade quartz, but continued to 
sell excess material through the General 
Services Administration. At yearend the 
Defense Materials Inventory contained 4.66 
million pounds of stockpile-grade material 
and 400,642 pounds of nonstockpile-grade 
material. 

Domestic Production.— There was no 
known production of natural electronic- 
grade quartz crystal in 1970. At yearend, 
six companies reported production of man- 
ufactured quartz for use by the electronic 
industry. These companies were P. R. 
Hoffman Co., Carlisle, Pa.; Motorola, Inc., 
Chicago, III.; Quality Crystals, Inc., Cort- 
land, Ohio; Sawyer Research Products, 
Inc., Eastlake, Ohio; Thermo Dynamics 
Corp., Shawnee Mission, Kans.; and West- 
ern Electric Co., Inc, North Andover, 
Mass. These companies produced a total of 
131,039 pounds of manufactured quartz, 
compared with 125,423 pounds in 1969. 
Sawyer Research Products, Inc., and Ther- 
modynamics Corp. were the major produc- 
ers. 


Consumption and Uses.—Raw quartz 
crystal consumption declined from 187,605 
pounds in 1969 to 164,941 pounds in 1970. 
The consumption of manufactured quartz 
also declined from 84,261 pounds in 1969 
to 66,802 pounds in 1970. Almost 19 mil- 
lion finished crystal units were fabricated 
from the raw quartz crystal consumed dur- 
ing the year. The 1970 data reported in 
table 5 are based on reports received from 
26 crystal cutters in 12 States. Finished 
piezoelectric units were produced by 22 of 
the cutters; the remainder produced only 
semifinished blanks. Of these cutters two 
cut natural quartz only, 12 cut manufac- 
tured quartz only, and 12 cut both natural 
and manufactured. 


Thirteen consumers in four States ac- 
counted for 83 percent of the raw quartz 
crystal consumption. Pennsylvania was the 
leading quartz-consuming State with 45 
percent of the total, followed by Illinois, 
Massachusetts, and Kansas. Piezoelectric 
units were manufactured by 38 producers 
in 16 States. Sixteen of these producers 
worked from partially processed quartz 
crystal blanks and did not consume raw 


11 By Arthur C. Meisinger, industry economist, 
Division of Nonmetallic Minerals. 
2 What's Going On In World. Mining World 
Mining, V. 6, No. 9, August 1970, p 
13 By Benjamin Petkof, Physical E Divi- 
sion of Nonmetallic Minerals. 


Table 5.—Salient electronic- and optical-grade quartz crystal statistics 


1968 1969 1970 
Imports of electronic- and optical-grade quartz crystal 
(TE AE thousand pounds 286 237 94 
[VT RA ERROREM CEN SIE ERE: thousands 3339 3278 3100 
Consumption of raw electronic- grade quartz crystal... -thousand pounds 247 188 165 
Production, piezoelectric units, number thousands.. 24,586 19,562 18,971 
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material. Thirteen plants in four States 
supplied nearly 75 percent of the total 
output of finished crystal units. Oscillator 
plates comprised 73 percent of production. 
The remainder included filter plates, tele- 


phone resinator plates, and other miscella- 


neous items. 

Stocks.—At yearend, stocks of raw quartz 
held by consumers totaled 137,417 pounds. 
Of this total, about 93,000 pounds was nat- 
ural material and the remainder was man- 
ufactured quartz. 

Prices.—At yearend the Engineering and 
Mining Journal quoted the price of piezo- 
electric and optical-grade quartz crystal at 
$2.50 to $50 per pound. Fusing-grade 
quartz crystal was quoted in a range of 
` $330 to $1,100 per ton. 

The selling price of manufactured 
quartz ranged from $18 to $30, depending 
on the axial specification and the cross- 
sectional area of the crystal. 

Foreign Trade.—Imports of electronic- 
and optical-grade quartz crystal (valued at 
more than $0.50 per pound) declined from 
237,224 pounds, valued at $277,649 in 1969, 
to 93,920 pounds, valued at $100,210 in 
1970. About 99 percent of U.S. imports was 
supplied by Brazil; the remainder by the 
Malagasy Republic and the United King- 
dom. 
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A total of 881,759 pounds of lasca val- 
ued at $321,023 was imported, a decline of 
16 percent in quantity, but an increase of 
61 percent in value over that of 1969. 
Lasca was used to produce fused quartz 
and as a nutrient material for the manu- 
facture of quartz crystal. Brazil provided 
almost all of the imported lasca. 

The United States exported 230,698 
pounds of natural quartz crystals, valued 
at $1,396,000 in 1970. In addition, 55,382 
pounds of manufactured quartz crystals 
valued at $727,240 were also exported. 
Thus a total of 286,080 pounds of manu- 
factured and natural quartz valued at 
about $2.12 million was exported in 1970, 
compared with 204,986 pounds valued at 
$2.16 million in 1969. Comparison of ex- 
ports of individual classes cannot be made 
because individual data were not available 
prior to 1970. 

World Review.—Brazil—Exports of raw 
quartz crystal suitable for electronic use to- 
taled 166,888 pounds in 1969 valued at 


$2.29 million. In addition, almost 8.3 mil- 


lion pounds of lasca, valued at $1.89 mil- 
lion was also exported. Both varieties of 
quartz were shipped to East Germany, 


France, West Germany, Hong Kong, Japan, 


the Netherlands, the United States, and 
the United Kingdom. | 


STAUROLITE ** 


Staurolite, a complex silicate of iron and 
aluminum, was produced commercially 
only in Florida as one of the products re- 
covered from Clay County sand in the 
Highland and Trail Ridge plants of E. 1. 
du Pont de Nemours & Co., Inc. Produc- 
tion increased both in quantity and value 


by 25 percent over that of 1969. The prin- 
cipal use was as a sand blast abrasive with 
minor use as an ingredient in certain port- 
land cement mixes. In some deposits, ama- 
teur rock collectors recovered twinned 
crystals, "fairy crosses,” as semiprecious 
stones. 


STRONTIUM * 


Legislation and Government Programs.— 
The Government sold 1,479 short tons of 
stockpile-grade and 2,980 short tons of 
nonstockpile-grade celestite during 1970. 
Government stockpiles contained 12,062 
tons of stockpile-grade and 13,787 tons of 
nonstockpile-grade celestite at yearend. 

Domestic Production.—For the 11th con- 
secutive year no strontium minerals were 
produced in the United States. However, 
imports of strontium minerals were 34 per- 
cent more than those of 1969, which re- 


flected the continuing strong rise in de- 
mand for strontium compounds. Firms that 
produced various compounds from im- 
ported celestite included Chemical Prod- 
ucts Corporation, Cartersville, Ga.; E. I. du 
Pont de Nemours & Co., Inc., Grasselli, 
N.J.; Foote Mineral Co., Exton, Pa.; FMC 
Corp., Modesto, Calif.; and Sherwin-Wil- 
liams Co., Ashtabula, Ohio. 


14 By Robert G. Clarke, physical scientist, Divi- 
sion of Nonmetallic Minerals. 

15 By Donald C. Wininger, physical scientist, 
Division of Nonmetallic Minerals. 
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Table 6.—U.S. imports for consumption of strontium minerals, i by countries 


1969 1970 
Country Value Value 
Short tons (thousands) Short tons (thousands) 

Malagasy Republic  ------ — (2) (?) 
ibd EM os T ¾ . ̃ĩͤ 21,402 $404 29,228 $589 
PU !: ⁵ ! N ..“... sata 2,252 45 3,360 69 
nited Kingdo . . . . 4,149 146 4,666 169 
Total Ee 27,803 595 37,254 827 


1 Strontianite or mineral strontium carbonate and celestite or mineral strontium sulfate. 


2 Less than Le unit. 


Consumption and Uses.—The principal 
uses of strontium were in the manufacture 
of glass for color television tubes, for pyro- 
technics and signals, and in hard-ferrite 
permanent magnets. Miscellaneous chemi- 
cal applications for strontium compounds 
included greases, ceramics, plastics, medi- 
cines, paint filler, welding rod coatings, 
and in making high-purity zinc. In vacu- 
um-tube manufacture, strontium metal and 
alloys of strontium were used as getters for 
the removal of gas. Quantitative informa- 


World Review.—Canada.—Kaiser Alumi- 
num & Chemical Corp. began surface min- 
ing a large celestite ore reserve on Cape 
Breton Island, Nova Scotia.18 Construction 
continued on the preconcentration and 
processing plants, which are expected to be 
completed early in 1971 and will produce 
approximately 30,000 tons of strontium 
compounds annually along with about 
70,000 tons of byproducts. 


Table 7.—Strontium minerals: Free 


tion concerning consumption was not world production, by countries 
available. : i (Short tons) 
Prices.—At yearend, prices quoted in the 
Oil, Paint and Drug Reporter were as Country ! 1968 1969 1970 p 
follows: Strontium  carbonate—technical, ^ Argentina Ke : 14 A 15 
. I 58 „020 1 
drums, works, at 13 to 21 cents per pound; ot he casas 3.806 19.937 — 29.211 
strontium nitrate—bags, carlots, works, at Pakistan r 717 851 e 330 
$14 per 100 pounds. No price quotations United Kingdom.. 8,695 8,800 *8,500 
were published for strontium sulfate. Final Total. 14,153 30,622 39,287 
Sé ; wa i 
prices of strontium compounds are negoti „Estimate. „ Preliminary, ` Revised. 


ated between buyer and seller. The aver- 
age value of imported strontium minerals 
at foreign ports was about $22 per ton. 


1 In addition to the countries [ens West Germany, 
Poland, Spain, and the U.S.S.R 
minerals, but information is insu 
liable estimates of output levels. 


roduce strontium 
cient to make re- 


WOLLASTONITE >" 


Sales of domestic wollastonite declined in 
1970 to the lowest level in recent years, 
approximately 13 percent below the corre- 
sponding figures for 1969 in both tonnage 
and total value. Consumption of wollaston- 
ite in floor and wall tile, one of the prin- 
cipal outlets, was retarded by slackness in 
the construction industry. Importation of 
foreign tile also continued to be a signifi- 
cant restraint. The only active wollastonite 
producer in the United States in 1970 was 
International Pipe & Ceramics Corp. (IN- 
TERPACE) , operating the Willsboro mine 
and a processing plant of 60,000-ton-per- 
year nominal capacity, in Essex County, 
N.Y. For the first time in more than a 
decade, the activities of former producers 


in Riverside and Inyo Counties, Calif., 
were described as consisting of assessment 
work only. 

Wollastonite prices per short ton, works, 
quoted in Oil, Paint and Drug Reporter, 
March 30, 1970, and subsequent issues, 
were as follows: Fine, paint-grade, bags, 
carlots, $42.80; 10,000-pound lots or more, 
$46.80; medium, paint-grade, bags, carlots, 
$32.00; 10,000-pound lots or more, $36.00. 
These quotations were not notably differ- 
ent from those published throughout the 
last decade nor from the average per-ton 


16 Kaiser Aluminum & Chemical Corp. 1970 
Annual Report. p. 13. 

11 By J. Robert Wells, physical scientist, Divi- 
sion of Nonmetallic Minerals. 


MINOR NONMETALS 


values customarily reported by major prod- 
ucers. Ás usual, however, actual sales were 
carried out at negotiated prices not pub- 
licly disclosed. 

Further exploration of deposits recently 
discovered in the Udaipur district of In- 
dia's northwestern State of Rajasthan has 
revealed the existence of wollastonite re- 
sources in excess of 200 million tons. An 
analysis of this material, said to be typical, 
conforms closely to the theoretical compo- 
sition of mineralogically pure wollastonite 
(calcium metasilicate), and the summation 


18 Industrial Minerals (London). 
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of the nonvolatile impurities listed is nota- 
bly low for an unbeneficiated wollastonite 
ore.18 

An outstanding contribution to the ex- 
isting literature on industrial minerals be- 
came available early in 1970 when the In- 
stitute of Geological Sciences published a 
definitive, theoretical and practical treatise 
on wollastonite.19 


Wollastonite 
Deposits Very Large. No. 28, January 1970, p. 
33 


19 Andrews, R. W. Wollastonite. Institute of 
Geological Sciences (London), 1970, 114 pp. 


Aa Google 


A Google 


